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ABSTRACT - In automobile sector wheel rim is one of the important part which are used as protection for passengers 

from collision. There are number of wheel test are available in designing of rim to fulfill the safety requirements and 

standards. The aim of this study was to analyze the impact analysis for car wheel rim by using the numerical method in 

ANSYS. The most of the test procedure has to comply with international standards, which establishes minimum 

mechanical requirements and impact collision characteristics of wheels. Numerical implementation of impact test is 

convenient for shorten the design time and lower development cost. In this present paper aluminum alloy wheel rim 

A356.2 is used for simulation of 13 degree impact test by using explicit finite element methods. The design of aluminum 

alloy wheel for automobile application which is carried out and paying special attention to optimization of the shape and 

mass of the wheel rim according to aesthetical point of view, to overcome the wheel cap. A finite element model of the 

wheel and striker were developed taking account of the nonlinearity material properties. Simulation was conducted to 

study the stress, strain and displacement distributions during impact test. The analyses results are presented as a function 

of time. 
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I. INTRODUCTION 

The wheel is one of the important parts that affect the safety 

performance of the vehicles. Its performances have become 

one of the important measurements of vehicle quality. The 

released standards of wheel all stipulate that the wheel must 

pass the dynamic rotating, bending test and the dynamic 

radial fatigue test, and the light alloy wheels also must pass 

the impact test. The impact test is designed to evaluate the 

frontal impact resistance of wheel and tire assemblies used 

in all cars and multipurpose vehicles. The test is specifically 

related to vehicle pothole tests that are undertaken by most 

vehicle manufacturers. The scope has been expanded to 

allow the use of a striker that can be angled to preferentially 

impact the inboard and outboard wheel flange. Before the 

test, a wheel undergoes complete visual inspection to ensure 

that no cracks exist in the body. The impact test matches the 

load environment to a wheel under the driving conditions of 

a vehicle when the vehicle runs through the road pits, or 

suffers a frontal impact on the stone, or runs in other harsh 

conditions. These unexpected conditions may easily cause 

the failure of wheel in an instant.  

The 13-degree and the 90-degree impact tests standards of 

wheel are widely used to fix wheels on the hub and bolt 

holes. Expenses are high as these impact tests are done using 

real parts. Using CAE simulation, we can significantly 

reduce the test timings and cost for a wheel’s prototype 

development. Various methods and processes can be used for 

the simulation of wheel impact test. 

Chang and Yang [1] performed the nonlinear dynamic finite 

element analysis to simulate the SAE wheel impact test. 

Compared the FEA results of impact test with experimental 

results and concluded that during the impact test the total 

plastic approach can be used to predict the wheel fracture. 

Muhammet Cerit [2] conducted a simulation technique to 

investigate the stress and displacement distributions during 

wheel impact test by using 3–D explicit finite element 

methods and concluded that the maximum stress was in lug 

region of the wheel. Ram Murthy et al [3] performed the 

finite element analysis technique for analyzing stress 

distribution and fatigue life of alloy wheels subjected to 

radial and bending loads. Mehmet Firat and Hamdi Mete [4] 

Conducted numerical simulations of wheel radial fatigue 

tests based on the local strain approach in conjunction with 

linear elastic FE stress analysis and predicted the fatigue 

lives and potential crack locations using effective strain, 

Smith-Watson-Topper and stress strain histories. From these 

three tests number of test cycles and crack initiation sites are 

estimated. Satyanarayana and Sambaiah [5] conducted the 

fatigue tests under radial loads to analyze the fatigue life of 

aluminum alloy wheel and Compared the FEA results with 

the experimental results. Anusha and Tara Sasanka [6] 

performed the structural and impact analysis of alloy wheel 

in ANSYS. Chang et al [7] performed a nonlinear dynamic 



International Journal for Research in Engineering Application & Management (IJREAM) 

ISSN : 2454-9150    Vol-06,  Issue-07, OCT  2020 

188 | IJREAMV06I0767069                          DOI : 10.35291/2454-9150.2020.0657                    © 2020, IJREAM All Rights Reserved. 

 

finite element analysis to stimulate a forged aluminum wheel 

during SAE impact test and results are verified by comparing 

the calculated strain with the measured strain from strain 

gage. Xiaofei Wan et al [8] performed the numerical and 

experimental investigation on the effect of tire on the 13º 

wheel impact test and by comparing the numerical and 

experimental results shows that the tire has a dual effect on 

wheel performance during the impact test. Mohit kumar et al 

[9] investigated the effect of the tire portion on the wheel 

impact performance and to find an effective way for 

replacing the dynamic impact effect by a static loading. The 

appropriate percentage of the impact energy absorbed by the 

tire portion is determined with the help of dynamic 

simulation. Sahil Bandral and Satnam Singh [10] performed 

simulation of 90 degree wheel impact test using 3-D explicit 

finite element analysis. From the analysis results observed 

that the maximum stress location is at the point where striker 

hits the rim and also observed that if the number of spokes 

increased, the maximum equivalent stress also starts 

increasing. 

The objective of the present work is to evaluate the 

performance of an aluminum alloy wheel A356.2 by 

performing the static & impact analysis using ANSYS 

software. A parametric model is designed for Alloy wheel 

used in four-wheeler by collecting data from reverse 

engineering process from existing model. Alloy wheel 

models are designed in UNI GRAPHICS, then converted 

into IGES format and imported into ANSYS Workbench for 

analysis. 

II. MODELING & ANALYSIS 

2.1 Creation Of Model For Analysis 

The 3D solid model of the 13 inch aluminum alloy wheel 

required for analysis is designed and developed in UNI 

GRAPHICS. Then, the 3D model is transferred to ANSYS 

for finite element analysis as shown in fig.1.To transfer the 

data to ANSYS, IGES translators are used which are almost 

available with any design package.  

 

Fig.1 Wheel 3D solid model 

2.2    IMPACT TEST ANALYSIS IN ANSYS 

WORKBENCH 

ANSYS Workbench engineering software is used to do the 

impact analysis. In the impact analysis, the scale of the initial 

time step is very important. The assignment of the initial time 

step in the analysis has to catch up completely the dynamic 

behavior of the structure.  

Generally, the impact test for the small car in the industry 

will have 13 degree angle from the horizontal surface for the 

wheel. In the finite element analysis, the horizontal surface 

is not created, therefore, the contact angle between the striker 

and the wheel is set up to be 13 degree to simulate the real 

conditions. To reduce the computer calculation time and 

memory, the potential energy due to the striker above the 

wheel can be replaced by the kinetic energy that the 

equivalent initial velocity is calculated. 

During the SAE J175 impact test, the kinetic energy of the 

falling striker mass is converted suddenly and violently into 

a variety of other forms of energy (sound, heat, strain energy, 

creation of new surfaces, etc.). The ability of the wheel to 

survive this impact event depends on its ability to absorb the 

energy of impact. The single most effective means available 

to an A356.2 aluminum wheel for absorbing this impact 

energy is plastic deformation. 

Due to the test standard, the contact area between striker and 

wheel rim cannot be smaller than 375 mm X 125 mm. The 

mass of the striker must be adjusted to match with the size of 

the wheel rim. The contact area in the Fig.4 is 400mm X 

150mm, the length of the striker is 1223 mm, and the mass 

is 576Kg. 

2.2.1. Material Properties 

After having the geometry defined, the next step is to assign 

a material to this geometry. Depending on the type of 

analysis some properties have more importance than others. 

For a structural analysis the Young’s modulus and the 

Poisson ratio are the most important. For this study, bilinear 

material property is used to simulate the nonlinear material 

properties as shown in the Fig.3. 

 

Fig.2 Material properties 
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Fig.3 Stress vs strain graph 

2.2.2. Meshing 

 

Fig.4 Mesh wheel impact 

One of the most relevant steps in the Finite Element Analysis 

is the meshing. Element size of 5mm is used for meshing the 

wheel model with mixed elements. A total of 210647 

elements and 323453 nodes are used for meshing the wheel 

and striker assembly. The software automatically controls 

the mesh parameters. The mesh model of the striker is 

constructed with hexahedral elements as shown in fig.4. 

2.2.3. Applying Constraints 

The striker was constrained to move only in Z-direction and 

the 4 bolt holes of the wheels which are in contact with the 

bolts are constrained using fixed support as shown in fig.5. 

 

Fig.5 Constraining the wheel bolt holes 

2.2.4. Applying Test Loads 

Based on the test standard, the height of the striker above the 

wheel rim must be 230 mm, but in the simulation the distance 

between them is adjusted to be 0 mm for saving the computer 

time, therefore, the potential energy is transferred to be a 

kinematic energy that the initial velocity of 2124.29 mm/s is 

assigned on the striker.  

𝑣 =  √2𝑔𝐻  =  √2 ×  9810 ×  230 = 2124.29𝑚𝑚/𝑠                     

(2.1) 

The mass of the block is calculated using the following 

relationship:  

   D=0.6xW+180                                                (2.2)                                         

Where, D is the mass of the impact block, W is the maximal 

load of the wheel. The design load of the wheel is 690Kg, so 

the mass of impact block is 594Kg. Pressure of 30psi was 

applied on the wheel upper surface and fixed supports at the 

bolts and hub. 

III. RESULTS AND DISCUSSION 

Due to the extreme short duration of wheel impact test, it is 

not easy to ascertain the wheel impact response during 

contact, based on evaluation of the experimental specimens 

after the test. However, numerical simulation may be capable 

of providing direct observations during the entire impact test. 

Explicit finite element analysis carried out for 1000µs and 

the results were recorded at 10µs time interval. 

When the striker comes in contact with the wheel, initially 

there will be an elastic deformation till the yield point of the 

material and then the plastic deformation takes place and the 

wheel shape will change significantly. The plastic 

deformation response is typically expressed by the bottom 

flange shape variation from the original circle to an elliptic 

shape. The results shown in Fig.8 shows that the maximum 

equivalent plastic strain is 10.5% which is above the 

allowable limits. Equivalent stress contour distributions in 

the wheel shown in Fig.9. When the striker contact with 

flange edge, a sharp increase is observed in equivalent stress 

and its magnitude reaches 240 MPa at 1000µs. The 

deformation of aluminum alloy before the yield point 

generates only elastic strains, which are fully recovered if the 

applied load is removed. However, once the effective von 

Mises stress in the metal exceeds the material yield strength, 

permanent deformation sets in. The results from uniaxial 

tension tests were used to compare simulation with the 

predicted stresses according to the von Mises yield criterion. 

When von Mises stress is higher than 240 MPa (exceeding 

yield strength), the material start yielding. After that time, 

von Mises stress increases slowly. It can be explained that 

plastic deformation has taking place. 

From Fig.6, the max displacement of 0.00212m in Z 

direction can be visualized at the impact location at end time 

of 1000µs.  
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Fig.6 Directional deformation (Z axis) plot showing max 

and min locations. 

From Fig.7, a total displacement of 0.00212m can be seen at 

the impact location at end time of 1000µs.  

 

Fig.7 Total deformation 

From Fig.8, equivalent plastic strain of 0.10428 can be seen 

at the impact location at end time of 1000µs.

                

Fig. 8 Plastic Strain distribution plot showing max and min 

strain locations 

 

Fig.9 Equivalent (von-Mises) stress 

From Fig.9, equivalent (von-Mises) stress of 2.7788e8 can 

be seen at the impact location at end time of 1000µs. 

Fig.10 shows the variation of acceleration with respect to 

time from 0s to 1000µs of wheel rim during 13 degree angle 

from the horizontal surface for the wheel. It is shown in 

sinusoidal wave form. 
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                                                          Fig.10 Accelration 

 

Fig.11 Total velocity 

Fig.11 shows the variation of Total velocity with respect to time from 0s to 1000µs of wheel rim during 13 degree angle from 

the horizontal surface for the wheel. It is shown in sinusoidal wave form. 

Fig.12 shows the directional deformation varies with time from 0s to 1000µs of wheel rim during 13 degree angle from the 

horizontal surface for the wheel. It is shown in sinusoidal wave form. 

 

                                        Fig.12 Directional deformation 
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Fig.13 gives the details of variation of plastic strain with respect to time. Time variation (from 0s to 1000µs) is plotted on x-axis 

and srtain (m/m) on y-axis. From the graph, equivalent plastic strain of 0.10428 can be seen maximum at end time of 1000µs. 

 

Fig.13 Variation of Plastic Strain with respect to Time 

Fig.14 gives the details of variation of von-Mises stress with respect to time. Time variation (from 0s to 1000µs) is plotted on x-

axis and von-Mises stress (Pa) on y-axis. From the graph, equivalent (von-Mises) stress of 2.7788e8 can be seen maximum at 

end time of 1000µs. 

  

Fig.14 Variation of von-Mises stress with respect to Time 

IV. CONCLUSIONS  

The dynamic response of a wheel–tire assembly during the 

impact test is a highly nonlinear phenomenon. In this study, 

a numerical study of impact test of the wheel assembly was 

performed using explicit finite element code. Finite element 

analysis with a reasonable mesh size and time step can 

reliably estimate the dynamic response. Such results will 

help to predict the locations, in which the failure may take 
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place during impact test and improve the design of a wheel 

with required mechanical performance.  

Nonlinear simulation can be very useful in the optimization 

phase in the design of the wheel. A shape optimization study 

can be conducted to improve the impact resistance of the 

alloy wheel as alloy wheels have less resistance to the impact 

loads when compared to steel wheels. 
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