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Abstract:- The wheel rim is one of the most critical 

components of the vehicle. Therefore, a number of tests have 

to be performed on it so that, it could meet the safety 

requirement. But physical testing and the inspection of the 

wheels during their development is very costly and time-

consuming. So, finite element analysis (FEA) has developed as 

a major tool for their analysis. In this paper, we studied the 

simulation of 90-degree impact test for a cast aluminium 

wheel using 3-D explicit finite element analysis. Modelling of 

four different wheel rim models having the different number 

of spokes along with striker had been done using CATIA 

P3V5-6R2017 software and analysis was done using 

ANSYS15.0. The analysis results are presented as a function 

of time and the maximum value of equivalent Von Mises 

stress on the wheel rim is calculated for each model and 

compared. A typical alloy wheel of Swift Dzire car is chosen 

for the study. 
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1. INTRODUCTION 

Each component of the vehicle has its own relative 

importance but the wheel is one of the most crucial 

components of the vehicle which can’t be ignored. The 

number of static and dynamic loads acts on the wheel while 

the vehicle is in operation. Therefore designing and 

manufacturing of wheel should be done carefully so that it 

could be used safely and economically. Style, weight, 

manufacturability and performance are major technical 

concerns while designing a vehicle [4]. The wheels are 

generally of two types, pressed steel wheels and cast alloy 

wheels. Pressed steel are generally having more weight 

than cast alloy wheels. It leads to increase in inertia of the 

vehicle which in turn affects the braking system and also 

unnecessary increases the fuel consumption. Nowadays, 

wheel rims made of alloys having stylish appearance are 

commonly used. Alloy wheels are generally made of 

aluminium or magnesium alloys. The problem with 

magnesium alloys is that they are very much prone to fire 

that’s why they are rarely used [5]. Aluminium alloy 

wheels are having excellent features of lightness, extra 

corrosive resistance etc that’s why they generally preferred 

[7].  

 The numbers of tests have to be performed on the 

wheel rim before it can be used in the original working 

conditions. These tests include rotary bending test, radial 

fatigue test and impact test. Impact tests are of two types- 

13-degree impact test and 90-degree impact test. In case of 

13-degree impact test, the wheel is mounted with its axis at 

an angle of 13 degrees to the vertical and in case of 90-

degree impact test; the wheel is mounted with its axis at an 

angle of 90 degrees to the vertical. 

It is very expensive to do impact test during 

development and testing phase of the wheel. So FEA has 

been developed as a major tool to overcome this problem. 

In this paper, the work involved was the simulation of 90-

degree impact test with the absence of inflated tyre which 

is very helpful in reducing both time and cost during 

manufacturing and design of wheel rims. Four rims having 

the different number of spokes along with striker were 

modelled in CATIA P3V5-6R2017 and analysis is done in 

ANSYS15.0 [12-13]. The objective was to find the 

maximum value von mises stress in rim under the dynamic 

conditions when the striker strikes the wheel rim for each 

model and results were then compared to get the optimum 

design 

Chia lung chang et al.(2009) compare 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[3]. 

Muhammad Cerit(2010) simulated the impact test to 

investigate the stress and displacement distribution during 

wheel impact test. From the results, it was concluded that 

impact test was the highly non-linear phenomenon and the 

maximum stress was in lug region of the wheel [4]. 

 Satoshi Ishikawa et al.(2014) performed the 13- 

degree and 90-degree impact test using finite element 

analysis and then the analytical results were compared with 

experimental results. It was concluded that experimental 

results were in good agreement with analytical results [9]. 

H.Zainuddi et al.(2016) performed the dynamic impact test 

on a wheel rim using finite element analysis. The author 

performed both 13- degree and 90-degree impact test on 

rims made of different materials such as aluminium, 

magnesium and stainless steel in the absence of inflated 

tyre and impact energy absorbed in each case was 

correlated. It was concluded that 90-degree impact test was 

superior to the 13-degree impact test and the correlation of 

both the impact test showed that aluminium had the best 

percentage of deviation [10]. 

2. MATERIAL PROPERTIES 

The wheel is one of the most critical components of the 

vehicle. It should be light in weight and its strength should 

be high so as to withstand rough loads and harsh 

environment. Moreover, its manufacturing cost should be 
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low without affecting the safety of the passenger. The 

typical chemical composition of the material for aluminium 

alloy and mechanical properties of the aluminium alloy are 

shown below:- 

 

Table2.1: Chemical Composition of aluminium Alloy 
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Table 2.2: The mechanical properties of aluminium alloy 

Density 

(kg/m3) 

Yield 

Strength 

(MPa) 

Ultimate 

Strength 

(MPa) 

Young’s 

Modulus 

(GPa) 

Poisson’s 

Ratio 

 

2770 280 310 71 0.33 

 

 The striker used in impact analysis was modelled 

as an elastic material using structural steel material 

properties. Mechanical properties of structural steel are 

shown in table 2.3:- 

 

Table 2.3: The mechanical properties of structural steel 

Density 

(kg/m3) 

Yield 

Strength 

(MPa) 

Ultimate 

Strength 

(MPa) 

Young’s 

Modulus 

(GPa) 

Poisson’s 

Ratio 

 

7800 250 480 200 0.3 

 

 

3. MODELLING AND EXPLICIT FINITE ELEMENT 

ANALYSIS 

The modelling of the wheel was carried out in CATIA, and 

then it was converted into STP format. It was then 

imported to ANSYS and its finite element analysis was 

done in ANSYS. The diameter of the rim is taken as 

390mm and width of the rim is taken as 165 mm. The 

dimensions of striker used are 200mm×200mm×200mm 

[12-13].  

    The loading and boundary conditions were set up similar 

to those in laboratory test and were suggested by the 

society of automobile engineers (SAE). The free dropping 

of the striker should be above 101.6 mm as suggested by 

SAE[9]. So we assume the free dropping distance as 150 

mm and the initial velocity which was assumed the free 

dropping of 150mm was applied to the striker under the 

explicit dynamic conditions. Initial speed and initial mass 

were selected as 1700mm/sec and 70 kg respectively. The 

option of CONTACT PAIR with friction conditions was 

invoked between wheel rim and striker. The striker was 

constrained to move only in the Z direction and the wheel 

is assumed to be fixed from the central hub position. 

    It is important to determine time step in the explicit 

finite element analysis and the automatic incremental time 

step in software was used. The end time selected was 

1000µs. Aluminium being the ductile material will yield 

when the stress reaches the yield point. So, the equivalent 

stresses are considered to determine whether the material 

yields or not. 

Experimentally it is not easy to find the wheel 

impact response during contact due to very small impact 

time. However, the numerical simulation may be capable 

of providing direct observations during the entire impact 

test. Explicit finite element analysis can record the results 

for the time interval of microseconds. 

4. RESULTS AND DISCUSSION 

The initial conditions, boundary conditions and the loading 

conditions were kept same in all the four cases. The finite 

element analysis results obtained for Von Mises stresses 

from these loading conditions shown in fig.1 to fig.4 

                      
Fig. 1 Stress variation for 3 spoke wheel                  Fig. 2 Stress variation for 4 spoke wheel 
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Fig. 3 Stress variation for 5 spoke wheel                  Fig. 4 Stress variation for 6 spoke wheel 

 

 

 
Fig. 5 Equivalent stress Vs Number of spokes 

 

It can be observed that the maximum stress 

location is at the point where striker hits the rim. In the four 

design of wheel as modeled, the stresses developed are 

highest in 5 spoke wheel and lowest in 3 spoke wheel. 

 Fig. 6 shows the variation of stress in wheel with 

time from 0s to 1000 µs 

 

 
Fig. 6 Variation of stress with time 

 

From the above fig.6 it is observed that stress remains zero 

up to 250µs from the start time of analysis that means there 

was no impact till 250µs and after 250µs stress starts 

increasing and is maximum near the end of the analysis. 

 

5. CONCLUSION 

The dynamic response of a wheel rim during impact test is 

a highly non-linear phenomenon. In this analysis, impact 

test was performed on four wheel rims having the different 

number of spokes. The maximum equivalent stress comes 

out to be 247.8 MPa in 3 spoke wheel. If the numbers of 

spokes are increased, the maximum equivalent stress starts 

increasing and the value of maximum equivalent stress 

comes out to be approximately 278 MPa for 5 spoke wheel 

and 264 for 6 spoke wheel. So it is concluded that 3 spoke 

wheel is safest of all if the results of impact test are to be 

considered. 
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From the figures 1, 2, 3 and 4, we can observe that 

impact takes place on that part of the periphery of the rim 

which is above the spoke. The width and thickness of 

spokes in case of 3 spoke wheel is larger than other 

configurations, therefore stress generation is less in 3 spoke 

wheel in comparison to other configurations. The stress 

generation in 5 spoke wheel is more than 6 spoke wheel, 

this is due to the reason that in case of 6 spoke wheel, a 

spoke is directly in the line of the impact on the lower side 

of the hub which resisted the stress generation. 
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