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Abstract: The rim is to protect and seal the tire to the wheel. Rim also maintains 

proper fitting between the rubber, the rim and retains the air inside the tubeless tire. 

The rim caused by a crack started near the hole, which extends deeper down the rim 

leading to fatigue failure. Standard tests are used to simulate the rim at 90 degrees 

and 13 degrees, wheel rim positions to fulfill the safety requirements and standards. 

Before testing the wheel rim, knowing the materials is essential because selecting 

materials helps to lightweight rim contributes to the vehicle’s weight reduction, 

eventually reducing fuel consumption other than safe to use. The study aims to 

perform the impact wheel rim using three different materials, namely Aluminum 

A356.2, Magnesium AM60B, and Titanium TC4. All the wheel rim impact materials 

will be analyzed using the ANSYS Additive R3 2019 software’s numerical method. 

All these analyses using explicit dynamic finite element methods. In this paper, the 

wheel rim simulates at 13 degrees, and then the striker taps the wheel rim at a specific 

height.  The striker is set to step down with a drop height of 230 mm and 400 mm. 

This study’s Magnesium AM60B findings have the highest deformation and the 

lowest equivalent stress, followed by Aluminum A356.2 and Titanium TC4. The 

analysis results have presented the deformation, stress, and strain during the impact 

of the wheel rim test. To analyse the result, obtain, and recommend an optimal 

material based on the impact test. 

 

Keywords: Rim, Impact Test, ANSYS Additive R3 2019, Explicit Dynamic Finite 

Element Methods 

 

1. Introduction 

Each component has its relative importance in the vehicle, including the wheel rim, which cannot 

be ignored [1]. It is because the rim is the one outer edge of a wheel holding the tire. Almost all wheel 

rim manufacturers in Malaysia are now producing wheel rims with lightweight alloys to reduce the 

unsprung weight and increase their performance [2].  

Failure of the rim wheel is caused by a crack started near the hole, which is further propagated along 

the rim leading to fatigue failure. Required to increase the fatigue life of the rim, the right material has 
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to be selected by designing experiments to find a parametric design that gives a higher fatigue life [3]. 

However, one of the rim's important characteristics is that the materials selected are an integral part of 

the quality of the rim. Choose the right content to offer the most excellent quality value on the finished 

product. Typically, the rims are made of steel due to their lightweight. The alloy wheel comes with 

several variations to suit the needs of the customer [4]. 

Therefore, this study is limited to using 444 mm in diameter with 200 mm in width wheel rim. 

Materials selection for wheel rim is Aluminum A356.2, Magnesium AM60B, and Titanium TC4. Using 

this material is because the Aluminum A356.2 are widely used in current marketing where Magnesium 

AM60B and Titanium TC4 is the material not commonly used in the market. So, this study is comparing 

the material to which one is the best. The material for the striker is Stainless Steel. The Solid work 2019 

software used to design the wheel rim and striker. Besides that, ANSYS Additive R3 2019 software is 

used to analyse the wheel rim. The mesh defeature size is 5mm apply to all simulation analysis through 

this study. 

1.1 Impact of The Wheel Rims 

The wheel rim impact is when one thing crashes affect the rim. These values are essential for 

selecting materials to absorb energy during a collision.[5] Impact analysis is a method for recognizing 

the possible effects of transition or estimate what needs to be done to make a difference. Many systems 

use complex modeling methods to apply their impact analysis. There are two effect analysis methods, 

the static analysis technique and the dynamic analysis technique [6]. In this study analysis, the striker 

taps on the wheel rim, so the dynamic analysis technique is used.  

1.2 Aluminum A356.2 

Aluminum A356.2 material used on wheel rim is widely used nowadays, causing high strength and 

weight ratios, low price, and advanced design [7]. Aluminum A356.2 is a 7Si-0.3 Magnesium alloy 

with 0.2 Fe (max) and 0.10 Zn (max). The T6 heat treatment is a solution-anneal heat treat followed by 

a 320F aging. Alloy A356 has greater elongation, higher strength, and considerably higher ductility 

than Alloy 356 [8]. 

1.3 Magnesium AM60B 

The Magnesium Alloy is about 30.00 % lighter than aluminum alloy and is also admirable in size 

stability and impact resistance. As a result, it's a lot easier to handle the car, and vehicle movements are 

more reliable. It represents a 2.20 % gain for the vehicle, with magnesium rims compared to steel rims. 

Damping of the rim oscillations is generally overlooked, but we must include them to estimate what 

this distinct function of magnesium [9]. Modeling tests indicate that the magnesium wheels' enhanced 

damping effect has a slight influence on the handling of vehicles. 

1.4 Titanium TC4 

Ti-6Al-4V or Ti 6-4 sometimes called TC4 is the most widely used alloy. It is considerably stronger 

than commercially pure titanium and has the same hardness and thermal properties (excluding thermal 

conductivity, which is about 60.00 % lower in Grade 5 Ti than in CP Ti). As one of its other benefits, 

heat can be treated. This grade is an outstanding mix of strength, corrosion resistance, welding and 

fabric strength [10]. 

1.5 ANSYS Additive R3 2019 Software 

ANSYS Additive Prep is a new build processor that can export a build file directly to an additive 

manufacturing (AM) machine and can toggle between the STL supports, meshes, and element densities 

within ANSYS Workbench Additive [11]. In ANSYS Additive, many toolbox analysis systems are 

required, but this study focuses on explicit dynamics. Explicit Dynamics is the chosen alternative when 
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simulating the dynamic reaction of highly fluid, highly non-linear physical phenomena such as drop 

testing and high-speed effects [12]. 

2. Materials and Methods 

2.1 Methods 

This study’s methodology was organized to consistently prepare for all the procedures and 

preparations included in this study to be carried out smoothly, without missing the deadline, and to 

reduce any mistakes during the wheel rim design, especially the simulation analysis. Figure 1 shows 

the flowchart methodology of this study from the beginning to the end of the study. 

 

Figure 1: Flowchart methodology 

2.2 Model Setup 

2.2.1 Creation of Model for Analysis 

This wheel rim's inspiration is from the previous researcher [4], but the author obtained wheel rim 

design based on the basic dimensions and size of a standard automobiles wheel rim today. The type of 

wheel rim offset zero offsets or natural offsets, The wheel rim has a 444 mm in diameter and 200 mm 

width as shown in Figure 2 is the dimension of the wheel rim while Figure 3 is the solid 3D modeling 

of the wheel rim. The design of the wheel rim has been created in Solid Work 2019 software. 
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Figure 2: Dimension sketch of the wheel rim model 

 

Figure 3: 3D Solid wheel rim model 

The striker dimension is 300 mm × 200 mm × 300 mm, with a weight of 139.50 kg, while the 

material used is Stainless Steel. The wheel rim is set up by 13 degrees to simulate the real conditions. 

There are two criteria for drop height impact, 230 mm, followed by the previous researcher [4], and 400 

mm to see more significant data value. The height of the striker above the wheel rim is at 230 mm drop 

height with impact velocity 2123.9 mm/s and 400 mm drop height with impact velocity 2800.9 mm/s 

has been setting on the initial conditions drop height analysis system in explicit dynamic. However, in 

the simulation, the distance between them is adjusted to 0 mm for saving the computer time, as shown 

in Table 1, showing the orthographic and isometric wheel rim in isometric view, top view, front view, 

and the side view. 

Table 1: Orthographic and Isometric Wheel Rim 

View Picture 

Isometric view 

 

Top view 

 

Front view 

 

Side view 

 
 

2.2.2 Material Properties 

After the geometry has been formed, the next step is to apply the material to the geometry wheel 

rim at the ANSYS Additive R3 software. Based on the form of analysis, some properties are more 
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important than others. Young’s modulus and the Poisson ratio are the most important for explicit 

dynamics. The materials properties are tabulated in Table 2. The finest materials used for the 

development of the wheel rim. The selection material of the wheel rim is Aluminum A356.2, 

Magnesium AM60, and Titanium TC4. 

Table 2: Material Properties 

Part Material Young 

Modulu

s, E (Pa) 

Poisson 

Ratio, ʋ 

Density, 

(𝑘𝑔𝑚3) 

Yield 

Strength, 

(MPa) 

Tangent 

Modulus, 

(MPa) 

Specific 

heat,  

(𝐽
𝐾𝑔℃⁄ ) 

Weight, 

(kg) 

Striker Stainless 

Steel 1.93e+1

1 
0.31 7750 - - - 139.50 

Wheel 

Rim 

Aluminum 

A356.2 6.9e+10 0.33 2700 280 500 875 8.90 

Magnesium 

AM60B 4.5e+10 0.29 1700 130 160 1 5.60 

Titanium 

TC4 1.04800

3e+11 
0.31 4428.784 920 45 0.5263 14.60 

 

2.3 Finite Element Analysis 

2.3.1 Workbench in ANSYS Additive 2019 R3 software 

This research study will use ANSYS Additive 2019 R3 software to simulate the wheel rim's impact 

with different materials. The ANSYS Workbench framework is the cornerstone of a robust and 

interconnected simulation system. To complete the analysis of the impact of the wheel rim, the analysis 

system that has been used is explicit dynamics. One of the most relevant steps in the Finite Element 

Analysis is the meshing, The size element of this study are 5mm with the total number of elements 

22646 and the number of nodes 11950 because the wheel rim and the striker are assembly shows in 

figure 4. In both tests, the striker is set to move in a vertical direction with a drop height of 230 mm 

with an impact velocity of 2123.9 mm/s, and the second case is where the impact drop height of the 

striker is 400 mm, with an impact velocity of 2800.9 mm/s. In all impact tests, the bolt holes are 

constrained.  

 

Figure 4: Wheel rim and striker after mesh 

Applying fixed support to the wheel rim model since the fixed support restriction limits all degrees 

of freedom of translation over the assigned entities to be zero. It is used to model a part of the geometry 
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attached to a rigid frame. In this analysis study, the fixed support is added to the wheel rim’s five bolt 

hole shows in Figure 5. 

 

Figure 5: Fixed support 

3. Results and Discussion 

These study findings of the Aluminum Alloy A356 wheel rim with different materials focus on 

impact simulation was evaluated for the impact were discussed in this study. The modeling wheel rim 

is made from Solid Work software, and the file is imported in Ansys Additive 2019 R3 software in 

“IGES” format by using the Explicit Dynamics module. All settings and results of a wheel rim 

deformation analysis on Ansys Additive 2019 R3 are presented here. It started with the validate the 

directional deformation so that all the analyzed simulation study is acceptable. The simulation results 

were described in total deformation, directional deformation, equivalent stress, and equivalent elastic 

strain. 

3.1 Validation of the Aluminum Alloy 

Validation is to show that something is accurate or truthful, or reasonable. It may even mean that 

anything, like a contract, is legitimate. Therefore, this analysis will use Microsoft Excel software to 

check the directional deformation analysis simulation’s validity by comparing it to the previous journal 

[5] to ensure that the experiment was successful or otherwise. 

 

Figure 6: The comparison graph of the directional deformation 

Figure 6 shows the comparative data between the prior review of the findings and the investigative 

data for the wheel rim’s impact on directional deformation results. The investigative data and the 

existing data use the same material of the wheel rim, Aluminum A356.2, but the design wheel rim is 

different. Since this is the regenerate data, the design wheel rim in terms of the diameter, width, bolt 

pattern, and spoke are not the same. The existing data used a 13-inch wheel rim, while the investigative 
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data are a 17.5-inch wheel rim. It’s is because I did not find the same dimension wheel rim as the 

existing data. The striker to tap on the wheel rim for both data was also not the same size, and the 

existing data used the 400 mm × 150 mm while the investigative data used striker size 300 mm × 200 

mm × 300 mm [4]. However, the wheel rim for both data is set up by 13 degrees to simulate the real 

conditions. The height of the striker above the wheel rim is at 230 mm drop height with impact velocity 

2123.9 mm/s has been setting on the initial conditions drop height analysis system in explicit dynamic 

on ANSYS Additive R3 2019 software. The analysis found that both designs of the wheel rim give the 

same trend of results. Seeing the expansion data from 0 s until the end of the analysis is 1.037 mm and 

6.00E-04 mm. 

3.2 The Simulation of The Wheel Rim on two Condition 

3.2.1 Drop Height Impact at 230 mm 

In these cases, on the testing impact wheel rim using three different materials, the striker’s impact 

drop height is 230 mm with an impact velocity of 2123.9 mm/s. The wheel rim is adjusted to 13 degrees 

to simulate the actual conditions. Information on the simulation solution was the total deformation, the 

directional deformation, the equivalent elastic strain, and the equivalent stress. 

Table 3: Total deformation of the wheel rim at 230 mm drop height 

Materials Simulation picture 

Aluminum A356.2 

 

Magnesium AM60B 

 

Titanium TC4 

 

Table 4: Equivalent Stress of The Wheel Rim at 230 mm drop height 

Materials Simulation picture 

Aluminum A356.2 

 

Magnesium AM60B 
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Titanium TC4 

 

Table 5: Equivalent Elastic Strain of The Wheel Rim at 230 mm drop height 

Materials Simulation picture 

Aluminum A356.2 

 

Magnesium AM60B 

 

Titanium TC4 

 
 

3.2.2 Drop Height Impact at 400 mm 

For these cases, for simulation impact wheel rims using three different materials, the striker's impact 

drop height is 400 mm with an impact velocity of 2800.9 mm/s. The wheel rim is calibrated to 13 

degrees in order to simulate the real conditions. Details on the simulation approach were the total 

deformation, the directional deformation, the equivalent elastic strain, and the equivalent stress. 

Table 6: Total Deformation of The Wheel Rim at 400 mm drop height 

Materials Simulation picture 

Aluminum A356.2 

 

Magnesium AM60B 
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Titanium TC4 

 

Table 7: Equivalent Stress of The Wheel Rim at 400 mm drop height 

Materials Simulation picture 

Aluminum A356.2 

 

Magnesium AM60B 

 

Titanium TC4 

 

Table 8: Equivalent Elastic Strain of The Wheel Rim at 400 mm drop height 

Materials Simulation picture 

Aluminum A356.2 

 

Magnesium AM60B 

 

Titanium TC4 

 
 

 

 

 



Jabidi et al., Progress in Engineering Application and Technology Vol. 2 No. 1 (2021) p. 842-854 
 

851 
 

3.3 Collective Data Simulation 

Table 3: Obtained results 

Materials 

Drop 

Height 

Impact 

(mm) 

Total 

Deformation 

(mm) 

Equivalent 

Elastic 

Strain 

(mm/mm) 

Equivalent 

Stress 

(MPa) 

Factor 

of 

Safety 

Weight 

of the 

wheel 

rim, 

(kg) 

Aluminum 

A356.2 

230 2.1745 3.01 200.00 1.21 
8.90 

400 2.975 3.513 232.16 1.4 

Magnesium 

AM60B 

230 2.228 2.322 97.437 1.33 
5.60 

400 3.05 2.8199 124.84 1.04 

Titanium 

TC4 

230 2.142 5.278 496.81 1.85 
14.60 

400 2.866 5.7381 542.45 1.70 

 

 

Figure 7: Comparison of The Total Deformation with different materials 

Figure 7 compares the total deformation for material Aluminum A356.2, Magnesium AM60B, and 

Titanium TC4. Overall, Magnesium AM60B is the tallest than the other materials, in condition 400 mm 

drop height with 2.975 mm while in condition 230mm drop height the value is 2.1745 mm. So, proven 

that the Magnesium AM60B can absorb more impact than the collision will slow down until it's fully 

damaged. In total deformation, the maximum total deformation value will be absorbed by the highest 

impact since deformation is the action or deformation or distortion mechanism. 

 

Figure 8: Comparison of The Equivalent Elastic Strain with different materials 
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Figure 9: Comparison of The Equivalent Stress with different materials 

Figure 8 and figure 9 show the bar chart comparing material in equivalent stress and equivalent 

elastic strain. In general, the highest value is Titanium TC4 for both bar charts, where the lowest in both 

bar charts is Magnesium AM60B. Magnesium AM60B, which the best material, can form strain. The 

deformed body returns to its size and original shape as the deforming force is withdrawn better than the 

Aluminum A356.2 and Titanium TC4. The equivalent elastic strain is defined as the limit for the strain 

values at which the material bounces and returns to the original form. Besides, on equivalent stress, 

Magnesium Am60B also the lowest equivalent stress formed on the drop height impact wheel rim 

compared to the Titanium TC4 and The Aluminum A356.2. The best impact wheel rim was the wheel 

rim with the lowest equivalent stress once it struck the wall because the wheel rim to fracture was low. 

 

Figure 10: Bar Chart of Comparison Weight Between Materials 

Figure 10 shows that the comparison in weight between materials. It’s clearly show that Titanium 

TC4 was the heaviest wheel rim which is 14.60 kg followed the Aluminum A356.2 wheel rim which is 

8.90 kg and the light wheel rim is the Magnesium AM60B wheel rim which is only 5.60 kg. 

4. Conclusion 

The studied the impact wheel rim Aluminum A356.2 with other Magnesium AM60B and Titanium 

TC4 materials by analyzed the total deformation, equivalent elastic strain and equivalent stress.Overall, 

Magnesium Am60B shows the best data compared to Aluminum A356.2 and Titanium TC4 in total 

deformation, equivalent elastic strain, and equivalent stress. So that, Magnesium AM60B is the best 

materials because it can lifespan of the wheel rim. Therefore, Titanium TC4 is not good compared to 

Aluminum A356.2 and Magnesium AM60B, but Titanium is good and high demand and uses in 
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aerospace. It shows that the best impact wheel rim was the wheel rim with the lowest equivalent stress 

once it struck the wall because the wheel rim to fracture was low.  

However, the Magnesium AM60B cost is twice expensive as Aluminum A356.2, but in the 

manufacturing, producing Magnesium Am60B is better at casting parts with thinner walls and closer 

tolerances than Aluminum A356.2 in the output wheel core. Many use Aluminum A356.2 as their wheel 

rim due to the cost being cheaper than Magnesium AM60B. 

Scope for Future Work: This study could make various proposals to enhance the future researcher 

who wants to analyze wheel rim. Due to computer processing technology limitations, a very high mesh 

setting could not reach the potential for future work. A higher mesh environment may be used for 

research, and an explicit dynamic analysis can be used for potential work. This study could make 

various proposals to enhance the future researcher who wants to analyze wheel rim. 
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