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Abstract 
According to the advantages of light weight, high strength and strong plasticity of 
materials, the lightweight design of automobile hub is carried out to reduce weight 
under the condition of meeting the use requirements. In this study, the wheel hub model 
is established by UG, and the software ANSYS WorkBench is imported for analysis. The 
finite element analysis method is used to analyze the bending fatigue, radial fatigue and 
impact simulation test of structural steel materials. The results show that the stress 
value under three working conditions is less than the yield strength of the material, and 
the deformation meets the requirements of normal working conditions. According to the 
results of finite element static analysis and modal analysis, the magnesium alloy and 
aluminum alloy materials were replaced for the structural steel wheel hub, and the 
strength was checked. The results show that the magnesium alloy wheel hub and 
aluminum alloy meet the design requirements and the weight is greatly reduced. The 
structure of the hub was optimized, and the size was optimized with the thickness of the 
rim, the thickness of the spoke and the thickness of the installation plate as the main 
design variables. The optimization results show that the thickness of the rim is reduced 
by 10 % compared with that before optimization, the thickness of the spoke is reduced 
by 29.6 % compared with that before optimization, and the thickness of the installation 
plate is reduced by 29.03 % compared with that before optimization. The strength of the 
optimized hub is checked. The results show that the stress and strain of the three hubs 
are increased after optimization, but still meet the design requirements. By comparing 
the three hubs, it is found that aluminum alloy hubs can better meet the lightweight 
requirements and cost requirements, and carbon fiber hubs have more lightweight 
requirements. 
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1. Introduction 

With the continuous development of automobile manufacturing technology, the domestic car 
ownership has increased dramatically. The increase in car ownership not only means that people ’ s 
living standards have been improved, but also brings many environmental and energy problems[1]. 
Therefore, while enjoying the convenience provided by cars, people should also bear the increase in 
environmental and energy costs. Low energy consumption, low emission and high performance 
vehicles are the development needs of today ' s society, and vehicle lightweight is an important 
technical means to achieve this demand[2]. Therefore, lightweight product design can greatly reduce 
energy consumption and environmental pollution. 
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Automobile lightweight is based on the requirements of society, economy, environment and other 
aspects, through various technical means, under the premise of ensuring the performance 
requirements of the automobile, reduce the quality of the whole body and parts assembly of the 
automobile. Therefore, the lightweight of automobiles should first ensure that the original 
performance of automobiles is not affected. It is necessary to reduce the quality of automobiles, 
ensure the safety of automobiles, and reduce the manufacturing cost of automobiles to avoid 
economic pressure. 

As an important bearing part of the vehicle, the wheel hub is a very important part of the vehicle 
driving process. Therefore, reducing the weight of the wheel hub to the maximum extent under the 
premise of ensuring its strength can not only reduce the fuel consumption, but also improve the 
driving speed of the vehicle. Therefore, the lightweight design of the wheel hub can bring twice the 
than the lightweight design of the body[3] . The simulation analysis of MengyanZ and TaoQ on the 
13° impact test of automobile type A alloy wheel[4] . P.F.Li studied the fatigue problem of aluminum 
alloy A356 automobile wheel hub. Y. L. HSU et al. also studied the fatigue-based lightweight 
aluminum wheel hub problem . Tang Chun and Kan Honggui used finite element simulation software 
to evaluate the performance of the lightweight wheel hub structure . At present, the lightweight design 
of automobile wheels is mainly reflected in the extensive use of aluminum alloy materials. The 
surface elements of aluminum alloy wheels are very stable and have good corrosion resistance. They 
can also be processed into metal primary colors, and the technology has been more mature. 
Magnesium alloy is more able to meet the development needs of automobile lightweight, because 
magnesium alloy has high specific strength and specific stiffness. Thermosetting resin matrix 
composites are more and more widely used in automobiles, and have better lightweight prospects, 
which is the focus of future development of automotive lightweight materials. In this paper, ANSYS 
WorkBench is used for analysis, and the finite element analysis is used to analyze the bending fatigue, 
radial fatigue and impact simulation test of structural steel, aluminum alloy, magnesium alloy and 
carbon fiber materials. 

2. The establishment of three-dimensional model  

According to the requirements of the national standard GB / T 3487 - 200, this paper takes the integral 
16 - inch wheel hub as the research object a three-dimensional finite element model through UG. For 
subsequent finite element analysis, chamfer, valve hole, groove, etc. are simplified, and the simplified 
model is shown in Fig. 1. The hub material is structural steel, material parameters : mass density is 
7850kg / m3, Poisson 's ratio is 0.3, elastic modulus is 2.0E + 11Pa, bulk modulus is 1.6667E + 11Pa, 
shear modulus is 7.6923E + 10Pa. 

 

 
Fig. 1 3D model of wheel hub 
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3. Finite Element Analysis of Wheel Hub 

3.1  Meshing Grid 

In this paper, the three-dimensional model of automobile wheel hub is established by UG, named in 
English and maintained as.x-t format ( import format supported by ANSYS software ), so that the 
UG model can be successfully imported into ANSYS. ANSYS software provides four meshing 
methods : free meshing method, mapping meshing method, extended meshing method, adaptive 
meshing method. In general, the mapping grid division method is better for the grid division of simple 
and regular entities, and the grid divided by this method can obtain accurate calculation results. 
However, for hubs with complex structures, the mapping grid division method cannot be used to 
divide the grid, and the free grid is not affected by the geometric model and unit shape. Therefore, 
this paper chooses free mesh method to mesh wheel hub. When meshing, select the Smart Size option, 
so you can automatically mesh by the program, save the trouble of grid control, it has from 1 to 10 
levels of accuracy, 1 is the finest. When meshing, the drag slider selects the mesh accuracy of 4, 
which only controls the global mesh size, but often can not meet the requirements of some local 
structure analysis. The spoke is an important research part in structural analysis. Therefore, this paper 
also refines the mesh of the spoke part. The divided mesh is shown in Fig. 2, forming 184619 elements 
and 324170 nodes. 

 

 
Fig.2 Wheel mesh division display 

 

3.2  Static Analysis of Wheel Hub 

When the vehicle is still, the force on the hub has its own gravity, tire pressure, bolt preload and 
ground reaction force. Gravity is not considered here when the load is applied; the pressure on the 
hub is 2.5 atmospheric pressure, 0.25 MPa, and the direction points to the axis. In the bending fatigue 
test, the bolt pre-tightening force has little effect on the analysis results, so the bolt pre-tightening 
force is not considered here. However, all hub bolt holes need to be fully constrained as a fixed 
constraint with the axle; the ground reaction force is due to the vehicle weight, which is applied to 
the lower half circle of the rim. The prepared mass of the car is 1245 kg, and the weight of the car is 
1245 x9.8 = 12201 N. So the maximum load of the wheel hub can be expressed as: 
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       F =
×

+                                  (1) 

 

Among them: W-car weight; ni − load influence coefficient; g - car full load, G take 5 people plus 
goods: G = (5x70 + 100) x9.8 = 4410N. 

Load influence coefficient: 

 

n = n × n × n × n                         (2) 

 

Among them: n1 − wheel hub manufacturing quality coefficient, 1.05; n2-road condition influence 
coefficient, 1.1; n3-vehicle loading coefficient, 1.05; n4 - Other impact factor, value 1.05. The load 
influence coefficient ni = 1.27 is calculated. Fmax = 5900N. In the actual operation of the car, in 
addition to bearing the load of the car, it will also be subjected to bending moment due to the rotation 
of the shaft. Calculated as follows: 

 

             M = (R ∙ μ + d) ∙ F ∙ S                        (3) 

 

Among them:μ − The friction coefficient between the tire and the road during driving is 0.7 ; the 
static load radius of R-tire is 0.32m ; d - Tire offset, according to the selected hub parameters value 
is 0.054m ; the maximum rated load of F-wheel hub is generally prescribed by the wheel hub factory, 
usually F = Fmax ; s - strengthening test coefficient of 1.6. The bending moment M = 2349N.m is 
obtained by substituting the above numerical formula (3). Then eccentric force can be calculated: 

 

       f = M L⁄                                (4) 

 

Among them:L is the length of the test loading arm, which is 0.6m. Finally, f = 3915N. 

3.3  Wheel Hub Constraint and Boundary Condition Setting  

Radial load: (1) Constraint mode, hub bolt hole plane to add constraints, constraints all degrees of 
freedom so that the hub can not produce rotation movement. (2) Load mode: The radial load is applied 
to the rim surface, pointing to the hub center, the size is F = 6000N.The static load diagram is shown 
in Fig. 3. 

 
Fig.3 Static load diagram 
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Bending load :(1) Constraint mode, bolt hole added full constraint. (2) Load mode: bending moment 
M = 2349 Nm applied around the flange. (3) Boundary conditions: In the formulation of boundary 
conditions, fully considering the force on the wheel hub vehicle, the pressure on the wheel hub is 2.5 
atmospheric pressure, 0.25 Mpa, direction to the axle center.The bending load diagram is shown in 
Figure 4. 

 
Fig .4 Bending load diagram 

 

3.4  Static analysis of wheel hub 

When formulating the boundary conditions, the force on the hub vehicle is fully considered. The 
pressure on the hub is 2.5 atmospheric pressure, which is 0.25Mpa, and the direction points to the 
axis. The constraint of the hub is the full constraint of the bolt hole. The results are shown in Fig. 5 
and Fig. 6. 

 

 
Fig. 5 Deformation cloud diagram and stress cloud diagram of radial load of structural steel material 
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Fig. 6 Deformation nephogram and stress nephogram of bending load of structural steel materials 

 

From the results of radial load analysis, it can be seen that the maximum deformation is 0.0677mm, 
the displacement is very small, the maximum stress value is 38.1MPa, located in the middle of the 
wheel spoke, far less than the yield strength of the material. The bending load analysis results can be 
seen that the maximum deformation is0.0520mm, the position is at the rim, the maximum stress value 
is27.792MPa, located in the middle of the wheel spoke, far less than the yield strength of the material. 
Therefore, the strength of the wheel hub meets the requirements. 

3.5  Aluminum alloy wheels 

Using aluminum alloy materials to manufacture automobile hubs can significantly reduce the quality 
of automobile hubs, and it is also the most widely used material of automobile hubs that can 
effectively improve fuel economy. The material is replaced by aluminum alloy material. The 
equivalent stress and overall deformation of the wheel hub of aluminum alloy material are analyzed 
by using the same analysis step in ANSYS. The material properties of aluminum alloy are shown in 
Table 1. 

 

Table 1 Properties of Aluminum Alloy Materials 

Name of the 
material 

Density(kg/𝑚 ) 
Elastic modulus 

(MPa) 
Poisson's ratio 

Yield strength 
(MPa) 

Aluminium alloy 2770 7.1× 10  0.33 280 

 

The same as the magnesium alloy wheel hub, in order to prevent the deviation from the original model 
in the process of re-establishing the model, the material is replaced only in the original wheel hub 
model. Similarly, the load data of steel structure materials are applied to the aluminum alloy wheel 
hub, and the obtained stress results are shown in Fig. 7 and Fig. 8. 

 



International Core Journal of Engineering Volume 7 Issue 12, 2021
ISSN: 2414-1895 DOI: 10.6919/ICJE.202112_7(12).0078

 

569 

 
Fig. 7 Deformation nephogram and stress nephogram of radial load of aluminum alloy material 

 

 
Fig. 8 Deformation cloud diagram and stress cloud diagram of bending load of aluminum alloy 

material 

3.6 Magnesium alloy wheels 

Automobile wheel hub made of magnesium alloy material can significantly reduce the quality of 
automobile wheel hub and effectively improve fuel economy. The structural steel material is replaced 
with magnesium alloy material. The same analysis steps are used in ANSYS to analyze the equivalent 
stress and overall deformation of the wheel hub of magnesium alloy material, and compared with the 
wheel hub of structural steel material. Table 2 is the material properties of magnesium alloy, and edit 
the relevant properties in ANSYS. 

 

Table 2 Material properties of magnesium alloy 

Name of the 
material 

Density(kg/𝑚 ) 
Elastic modulus 

(MPa) 
Poisson's ratio 

Yield strength 
(MPa) 

Magnesium alloy 1740 4.5 × 10  0.35 193 

 

In order to prevent the deviation from the original model in the process of re-establishing the model, 
the material is replaced directly in the hub model that has been established, so that the material 
performance can be fully developed. In order to ensure the rationality of the model establishment, it 
is necessary to verify the stiffness and strength of the magnesium alloy wheel hub model. Similarly, 
the load data of steel structure materials are applied to the magnesium alloy wheel hub, and the 
obtained stress results are shown in Fig. 9 and Fig. 10. 
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Fig. 9 Deformation cloud diagram and stress cloud diagram of radial load of magnesium alloy 

material 

 

 
Fig. 10 Deformation nephogram and stress nephogram of bending load of magnesium alloy material 

 

From the results of radial load analysis, it can be seen that the maximum deformation is 0.301mm, 
the position is at the rim, the maximum stress value is 37.151MPa, located in the middle of the wheel 
spoke, far less than the yield strength of the material. The bending load analysis results show that the 
maximum deformation is 0.22968 mm, which is located at the flange. Maximum stress 27.761 MPa, 
located near the middle of the spoke, is far less than the yield strength of the material. The 
displacement of magnesium alloy wheel hub increases compared with aluminum alloy wheel hub, 
but the increase is not large, so the strength of the wheel hub still meets the requirements. 

3.7 Carbon fiber material 

Carbon fiber materials have higher specific modulus and specific strength, so the lightweight prospect 
of carbon fiber materials is better, which is considered to be the focus of the development of 
lightweight materials for automobiles in the future. However, the biggest drawback of carbon fiber 
wheel hub is that the cost of manufacturing process is too high. Due to the limitation of cost, its 
application scope is still small. So far, carbon fiber hubs are almost limited to some super sports cars. 
However, with the mass production of original equipment and the rapid development of 
manufacturing technology of automobile manufacturers, it is possible to reduce costs by improving 
the manufacturing process of carbon fiber hubs. In the future, they may enter the ordinary household 
car market. The advantage of carbon fiber wheel is high fatigue strength, the disadvantage is low 
impact strength, its performance is shown in Table 3. 
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Table 3 Properties of Carbon Fiber Materials 

Name of the 
material Density(kg/𝑚 ) 

Elastic modulus 
(MPa) 

Poisson's ratio 
Yield strength 

(MPa) 

Carbon fiber 1600 2.3 × 10  0.2 3500 

 

Same as the established magnesium alloy wheel hub, in order to prevent the deviation from the 
original model in the process of re-establishing the model, material replacement is only performed in 
the original wheel hub model, so that the lightweight effect after material replacement can be observed 
more directly and the material performance can be fully utilized. The load data of steel structure 
materials are applied to the carbon fiber hub, and the obtained stress results are shown in Fig. 11 and 
Fig. 12. 

 
Figure 11 Deformation cloud diagram and stress cloud diagram of radial load of carbon fiber 

material 

 

 
Fig 12 Deformation nephogram and stress nephogram of bending load of carbon fiber material 

 

From the results of radial load analysis, it can be seen that the maximum deformation is 0.0633mm, 
and the position is at the rim. The maximum stress value is 35.73MPa, located in the middle of the 
wheel hub, far less than the yield strength of the material. The bending load analysis results show that 
the maximum deformation is 0.045 mm, which is located at the flange. Maximum stress 27.015 MPa, 
located near the middle of the spoke, is far less than the yield strength of the material. Therefore, the 
strength of the wheel hub meets the requirements. 
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4. Optimization Of Wheel Valley Structure Size 

For the optimization analysis of automobile wheel hub structure, the specific process is as follows: 
the model is established in UG, the design variables are set, and imported into Workbench for static 
analysis and solution. At the same time, the constraint conditions and objective function are set. Then, 
the parameter setting, experimental design, response surface setting and optimization design are 
completed in the Response Surface Optimisation module, and the optimal value of the objective 
function is finally obtained. The optimization analysis tool in Workbench simulation analysis 
software is used to optimize the input parameters and output parameters of the hub. Without changing 
the size of the hub, the thickness of the hub rim (P1), the thickness of the spoke (P2) and the thickness 
of the installation plate (P3) are optimized. Combined with the actual situation, the optimized results 
are compared with those before optimization, such as table 4. 

 

Table 4 Size comparison before and after optimization 

Parameter P1/mm P2/mm P3/mm 
Deformation 
extent/mm 

Maximum equivalent 
stress/MPa 

Before 
optimization 

5 27 31 0.13251 66.753 

Optimized 4.5 19 22 0.13280 67.892 

 

It can be seen from the table that:  

(1) The optimization of the rim is not strong, which is 10 % lower than the thickness before 
optimization. It can be seen that the thickness of the rim designed before is somewhat thicker.  

(2) Compared with the optimization of the rim, the optimization of the spoke is relatively high, which 
is 29.6 % lower than that before optimization, and the results show that the spoke before optimization 
is too thick. 

(3) Compared with the optimization strength of the spoke, the optimization strength of the mounting 
plate is slightly lower than that of the spoke, and the thickness is reduced by 29.03 %. 

(4) Compared with the deformation of the hub before optimization, the deformation of the hub after 
optimization does not change much, which is basically unchanged compared with that before 
optimization. 

The optimized hub model is imported into Workbench to define the properties of carbon fiber material 
and re-divide the grid. Similarly, according to the bending load value, the radial and bending load 
analysis of the hub is carried out. The distribution cloud diagram is shown in Fig. 13andFig. 14. 

It can be seen from the figure that the maximum stress and maximum displacement after optimization 
increase, but the change is not large. The analysis shows that when the radial load of 5900 N is applied 
to the optimized hub, the maximum equivalent stress of the hub is 39.193 MPa, and the maximum 
deformation of the hub is 0.069434 mm. When the bending load of 2349NM is applied to the 
optimized hub, the maximum equivalent stress of the hub is28.103MPa and the maximum 
deformation of the hub is 0.054mm. The maximum stress is far less than the yield strength of carbon 
fiber wheels 230 GPa. In the case of the same material wheel, the optimized quality is reduced, and 
its function is not affected, so as to realize the lightweight wheel. 
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Fig. 13 Deformation nephogram and stress nephogram of carbon fiber material under radial load 

after optimization 

 

 
Fig 14 Deformation nephogram and stress nephogram of bending load of carbon fiber material after 

optimization 

5. Modal analysis 

The modal analysis of carbon fiber hub is carried out, and the sixth-order modal analysis of the hub 
is carried out. Constraint mode, bolt hole to add full constraints. The pressure of hub is2.5atmospheric 
pressure, 0.25Mpa, pointing to the axis. The vibration cloud diagram of the hub is shown in Fig.15to 
Fig.19.The frequencies of each order are shown in Table 5. 

 

Table 5 Frequency of each order 

Order 1 2 3 4 5 

Frequency (Hz) 252.8 254.3 302.3 379.9 439.1 
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Fig. 15 First-order vibration mode figure 

 

 
Fig. 16Second-order vibration mode figure 

 

 
Figure 17 Third-order vibration mode figure 
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Fig. 18Fourth-order vibration mode figure 

 

 
Fig.19 Fifth-order vibration mode figure 

 

It can be seen from the vibration mode results of modal analysis that there are mainly four modes, 
and the first three modes are the upper and lower deformation vibration of the outer flange. The 
fourth-order vibration mode is not large, but there is a slight deformation in the outer rim ; with the 
increase of the order, the maximum deformation is transferred from the outer rim to the inner rim, 
and the inner rim shows a wavy deformation vibration at the fifth order. The sixth order, so the 
performance is the rim and rim radial rotational distortion vibration. It can be seen from the vibration 
mode analysis that in order to ensure the expected fatigue life of the wheel structure, the strength and 
casting quality of the flange part should be paid attention to in the design and casting to improve the 
bending fatigue life of the wheel structure. 

6. Conclusion 

Lightweight design of wheel hub. The material of the hub is replaced, and then the strength of the 
hub of the three materials after the replacement is checked. The replacement results show that the two 
hubs after the replacement material meet the design requirements. Under the same size, the weight of 
the magnesium alloy hub and the carbon fiber composite hub is much lighter than that of the 
aluminum alloy hub, and the ability to withstand stress is also strong, especially the carbon fiber 
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composite hub. The weight is the lightest; then the structure of the wheel hub is optimized. The 
optimization results show that the thickness of the rim is reduced by 10 % compared with that before 
optimization, while the thickness of the spoke is reduced by 29.6 % compared with that before 
optimization, and the thickness of the installation plate is reduced by 29.03 % compared with that 
before optimization. Finally, the strength of the optimized hub was checked. The results show that 
the stress-strain diagram of the optimized carbon fiber hub is larger than that before optimization, but 
it still meets the design requirements. The weight of a single carbon fiber hub after structural 
optimization is reduced by 1.26 kg. The results of modal analysis show that in order to ensure the 
expected fatigue life of the wheel structure, the strength and casting quality of the flange should be 
paid attention to in the design and casting to improve the bending fatigue life of the wheel structure. 
By comparing the three wheels found that carbon fiber wheel lightweight best. 
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