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Abstract: - Compared with traditional wheels, magnesium alloy wheels have the advantages of higher strength, toughness, lighter
weight, beautiful appearance and so on. This paper takes magnesium alloy wheel as the research object, and uses Pro/e and ANSYS
to help complete a lot of work such as 3D model construction and finite element analysis and calculation, to ensure that the
magnesium alloy wheel can meet its strength requirements while being lightweight. The strength analysis and modal analysis of the
designed wheel model are carried out under various working conditions. According to the analysis results, the first design model is
further simplified, and then the calculation and analysis are repeated many times. It is found that the new model meets the
mechanical properties requirements under multi-working conditions, ensures that the requirements of lightweight design are met,
and provides relevant theories and methods for wheel design and structural optimization of other materials.

Keywords: Wheel; Modal analysis; Magnesium alloy; Natural frequency; Light weight.

L. INTRODUCTION

As one of the important parts of the car, the car wheel plays a very important role in the operation of the car,
it not only needs to support the weight of the vehicle and transfer the impact from the road, but also high-speed
rotation,which may produce violent vibration. These vibrations may cause resonance in the vehicle, resulting in
excessive noise and vibration of the vehicle. Wheel weight has an important impact on vehicle performance and
fuel consumption, in the context of environmental protection and energy saving, lightweight has become one of
the main development trends of the current automotive industry.

Liu Yihua selected the wheel hub of a certain car as the object of analysis, used SolidWorks software to build
a model according to the structural parameters and appearance of the wheel hub, and used the finite element
software to conduct a topological analysis of the car hub with the constructed model . Zhang Honggang, Wang
Shasha, et al. used HyperWorks finite element analysis software to carry out strength analysis on the spokes
before and after optimization. Under the premise of meeting the strength requirements, the optimized spokes
have lighter weight, to achieve the goal of lightweight, and achieve the purpose of reducing the vehicle assembly
mass and vehicle fuel consumption . Zhang Shengchao from Qingdao University took the automobile wheel as
the research object, carried out the lightweight design of the wheel, designed the wheel with carbon fiber and
epoxy resin as the composite material layer, based on the finite element analysis model, and used COMSOL to
carry out structural topology optimization design of the constructed parametric model, and finally obtained a
wheel model with a reasonable structure . Lv Wenhua, Pang MAO, and others from Zhejiang University of
Science and Technology took the hub of a small electric vehicle as the research object, established the three-
dimensional model of the hub, and used the finite element software ANSYS Workbench to carry out modal
analysis and static mechanics analysis, put forward the improved design scheme of the hub structure, and
analyzed the dynamic characteristics of the hub . Sui Jingyu et al. used the finite element method to calculate and
analyze the lightweight design of the heavy truck hub, and the results obtained were consistent with the load-
bearing analysis results of the original structure hub, and the strength of the optimized design hub was reliable
and met the design requirements . Gong Ligiang of Jilin University used ANSYS workbench software to conduct
finite element analysis of steel wheels to achieve the purpose of lightweight . Song Xiaoyan of Shenyang
University of Urban Construction conducted finite element analysis and structural optimization design of
automobile hubs to solve the problems related to the development of wheel series products such as structure,
strength, life, and optimization design .

H Karim and P X Ku did a study on car wheels. They used the software SolidWorks to build the geometric
model of the wheel, and used the finite element analysis software to conduct simulation analysis. In the case of
the use of different lightweight materials, including but not limited to aluminum and magnesium alloys, the stress
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and deformation distribution of the two-spoke and multi-spoke wheel design is analyzed, and the basic design of
the wheel is optimized to achieve the optimal level . Ryo KIYOTAKI and Kohei ONO measured the noise value
generated around the wheel and the vibration acceleration of the wheel surface when a commercial vehicle was
running at low speed and the braking force was slightly working, and conducted modal analysis and noise
transfer path analysis in the computer to study the mechanism of noise generation . R.Vijayakumar and
C.Ramesh did a study on car rims. The rims were modeled using SOLIDWORKS 2016. Then the rim model was
imported into ANSYS WORKBENCH 16 for modal analysis [10]. Based on mechanics principles, P. F. Xu, S. Y.
Duan and F. Wang proposed a method combining reverse modeling technology and topology optimization
method to obtain wheel hub lightweight [11].

Magnesium alloy material was selected for the wheel designed in this paper, and this lightweight material can
effectively reduce the weight of the wheel. Three-dimensional modeling and structure optimization were carried
out by using the three-dimensional software PROE, and finite element analysis software ANSYS Workbench was
used for analysis [12]. The force and modal analysis of the wheel under design conditions were obtained, and it
was found that the original design might be too redundant. After modifying the design parameters and finite
element simulation analysis, the final data and index are determined. The design scheme verified by finite
element analysis software provides relevant theories and methods for wheel design and structure optimization of
other materials. Future research can be carried out from in-depth exploration of the properties of lightweight
materials, continuous improvement of manufacturing processes, and further exploration of the potential of wheel
design.

II.  MATERIALS AND METHODS

A. Three-dimensional model construction of the wheel

The rim profile used in this design is a 5° deep slot rim J profile, the specification is 6Jx15. The design rim
has a nominal diameter of 380.2 mm, or about 14.96 inches. The setting of the design parameters of the wheel
model is shown in Tables 1 and 2.

Table 1. Design parameters of the wheel mode

Product Design Static load radius Offset Strengthening factor
standard load( F, ) (R) distance(d) (S)
6Jx15 326.25kg 253.5mm 38mm 2
Table 2. Parameters of the wheel
Product standard mo?neer;(:gilgm) Set speed(rpm) tor::;f;('lm) Required life(h)
6Jx15 1378 1700 110 200000

Pro/e software was used to complete the design of the rim and spoke, and parts such as the outlet valve were
partially modified to build a complete three-dimensional model of the wheel, as shown in Figure 1.

-
A%

Fig.1 Constructed 3D model of the wheel
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Fig.2 Preliminary set wheel entity analysis model

B.  Static analysis of wheels

1) Model Import
A loading shaft was introduced into the magnesium alloy wheel model to analyze the model, as shown in
Figure 2.

After the entity analysis model is added, its element types and material properties are defined, which can be
entered or selected in the program dialog box as required. After defining the attributes of the model, the wheel
model is meshed. There are two types of partition: free grid and mapped grid. The free grid can more easily
control the accuracy of model grid division, so this paper chooses the free grid division type. Figure 3 shows the

gridded model. Figure 4 shows the finite element model after constraints are applied.
ELeMENTS AN 1‘“‘”‘5 A

TYPE NUM

Model chelun333

Model chelun333

Fig.3 Gridded wheel model Fig.4 Wheel model after constraints

2) Determine the material properties of the wheel

The material chosen is AM60B, often referred to as magnesium manganese alloy, also known as deformation
alloy. Magnesium alloy AM60B has high strength and stiffness. In addition, the magnesium alloy also has good
corrosion resistance and heat resistance, and can maintain good mechanical properties under harsh environments
such as high temperature and high humidity.

The materials selected for the design (AM60B) are mainly the following three:

Elastic modulus E: 6.9E10

Density p: 1800Kg/m?

Poisson's ratio: 0.35.

3) Results of static analysis

According to the conditions of use, there are generally three different loads acting on the wheel, respectively,
bolt preload, rotating centrifugal force, and bending moment. The following is a calculation and analysis of these
three different loads to explore the impact on magnesium alloy wheels.

(1) The role of bolt pre-tightening force
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Fig.5 Force distribution diagram Fig. 6 Displacement diagram

The pre-tightening force of the bolt was 120NM, and the analysis results showed that the maximum stress
value was 294Mpa, which was located on the contact cylinder of the bolt hole between the fastening nut and the
wheel, as shown in Figure 5. The maximum deformation of the wheel is 0.020mm, which is located in the area
near the wheel hub in contact with the bolt, as shown in Figure 6. It can be seen that under the action of
conventional bolt preload, the stress and deformation of the wheel meet the requirements.

(2) The role of rotating centrifugal force

The wheel rotates at a high speed, resulting in rotational centrifugal force in the structure. Assuming that the
rotational speed of the wheel is uniform and constant, the rotational angular speed is input into ANSYS as the

load boundary condition for calculation, and the final result is shown in Figure 7.
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Fig.7 Centrifugal force distribution diagram  Fig.8 Stress cloud diagram of the wheel

The results show that under the action of centrifugal force, the force distribution of the wheel is relatively
uniform, and the maximum stress is only 6.21Mpa, which is located at the joint of the spoke and the rim. In
addition, the stress in the middle of the two spokes is also relatively prominent, reaching between 1.38 and
2.07Mpa, and the stress on the spoke is the smallest. The analysis shows that the centrifugal force has a certain
influence on the overall structure of the wheel.

(3) Bending moment effect

The influence of the bending moment on the overall structural strength of the analysis object is very
important. The bending moment is input into the preset finite element model as the boundary condition to analyze
and obtain the final data. As shown in Figure 8, the maximum stress value of the model reaches 164Mpa around
the bolt hole, and the stress value in the middle of the two spokes is within the range of 36.5~54.7Mpa. Both are
lower than the yield strength of the selected material.

(4) The combined force of the bolt pre-tightening force, rotating centrifugal force, and bending moment

The above three force values of bolt preload, rotary centrifugal force, and bending moment were input at the

same time and analyzed as boundary conditions, and the wheel stress distribution was obtained as shown in FIG.
9.
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Fig.9 Distribution of wheel stress under load

The maximum stress value of the model is 205Mpa, which is located at the nut seat, and is mainly caused by
the pre-tightening force of the bolt. The stress of the rim will be affected by both the bending moment and the
speed, and the stress value and the change value in the analysis are very small, and it is safe. The position
between two adjacent spokes and the joint of the spokes on the mounting plate are stressed greatly, which are
affected by the bending moment and speed. The force on the spoke is not affected by the bending moment and
speed, which is relatively stable.

C. Modal analysis of wheels

1) Free vibration of the model without velocity influence

The following results were obtained through calculation (see Figure 10-16) and statistical analysis was made
(see Table 3). The first 6 frequency values are almost 0, and the values and changes are small, and the modal
analysis of rigid body can be avoided. The results show that the frequencies of order 7, 8, 9, 10 and 12, 13 are
close to each other and the vibration direction is orthogonal in the free vibration without velocity influence.

Fig.10 The 7th-order modal analysis diagram Fig.11 The 8th-order modal analysis diagram

AN

Fig.12 The 9th-order modal analysis diagram Fig.13 The 10th-order modal analysis diagram
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Fig.14 The 11th-order modal analysis diagram Fig.15 The 12th-order modal analysis diagram
AN

zvEnT

Fig.16 The 13th-order modal analysis diagram
Table 3. Frequency of wheels

Order Frequency value (Hz)

0.0000

0.0000

0.19123

0.32874

0.44426

0.52073

533.7

5351

1096.9

1098.5

12755

1799 6

| | k|
SIS IZ IS le|x|wa|un|b v~

1805.4

2) Analysis of constrained vibration results without velocity influence of the model

The calculation results of its constrained vibration (see Table 4). The respective frequency values and
vibration modes between the neighbors are very close, and the vibration direction is orthogonal. The vibration
modes and displacement distributions of each order are obtained, as shown in FIG.17-23.

Table 4 Frequency of wheels

Order Frequency value (Hz)

1 629.8

632.8

665.5

666.7

839.6

1060.7

1111.9

N[N [ |WI(N
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Fig.17 The 1st-order modal analysis diagram

Fig.18 The 2nd-order modal analysis diagram
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Fig.19 The 3rd-order modal analysis diagram

Fig.20 The 4th-order modal analysis diagram
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Fig.21 The 5th-order modal analysis diagram

Fig.22 The 6th-order modal analysis diagram
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Fig.23 The 7th-order modal analysis diagram
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In the analysis, the first 13 orders of free vibration and the first 7 orders of constrained vibration are selected
in the preset range. When the model does not influence speed, the wheel will undergo constrained vibration, and
the natural frequency of the first stage is 629.8Hz, while the speed range of the L-shaped four-cylinder engine of
the vehicle selected for design is 0-5600rpm, and the vibration frequency of these engines is generally within the
range of 0-200Hz, and there is no resonance between the two and a certain difference. In this case, the amount of
material can be reduced by adjusting the wheel model parameters, and the purpose of lightweight can be achieved.

III.  DISCUSSION

A. Wheel optimization adjustment

1) Structural adjustment

Through the previous research, it is not difficult to find that the force value of the analysis object is far less
than the predetermined range of the design, which indicates that there is still redundancy in the use of materials.
To achieve the light weight of the vehicle, save materials and control costs, the simplification of the model is
necessary. Figure 24 shows the new model after the adjustment of the model.

Fig.24 Improved wheel model

The volume of the original design model is 0.003431502m? and the weight is 6.01Kg. The volume of the new
model after adjustment is 0.00287261m* and the weight is 4.99Kg. Compared with the previous model, the
weight of the new model is 17% less than that of the previous model.

2) Comparison of intensity before and after

35261 " S6UE408 _ ,113E409 L L70E+09 m 2

Model ehslun33d

Fig.25 Stress distribution of the model after adjustment

In the static analysis of the model, the maximum force value is 255Mpa, located in the nut seat, which is the
same as before and also caused by the pre-tightening force of the bolt, as shown in Figure 25. At the same time,
under the influence of both bending moment and speed, the stress of the rim is only between 0.36MPa and
57.2MPa, and its stress value and variation value are very small, so it is a safe area. The stress value of the blank
position between the two spokes and the joint of the spoke on the mounting plate is between 56.7MPa and
142MPa. The force value on the spoke is not affected by the bending moment and speed, and is relatively stable.

According to the analysis, the strength of the new model can still meet the requirements and standards as the
original model under the condition of thinning thickness, decreasing volume, and reducing weight.
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B.  Conduct modal analysis of the new model after adjustment
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The results of the calculation of vibration in its confinement (see Table 5). It is not difficult to find that when
the velocity influence is 0, the calculated results are still close to the vibration patterns, and the vibration
directions are still different, and the directions are still orthogonal. Finally, the vibration patterns and
displacement distributions of each order are obtained, as shown in FIG. 26 to FIG. 33.

Table 5. Frequency of wheels

Order

Frequency value (Hz)

357.0

359.9

461.2

462.9

491.5

789.9

1045.9

DISPLACEMENT
STEP=1
sus =1
FREQ=356.991
DMX =.746585

Model chelun333
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Fig.26 The 1st-order modal analysis diagram

Fig.27 The 2nd-order modal analysis diagram

DISPLACEMENT
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Fig.28 The 3rd-order modal analysis diagram

Fig.29 The 4th-order modal analysis diagram
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Fig.30 The 5th-order modal analysis diagram Fig.31The 6th-order modal analysis diagram
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Fig.32 The 7th-order modal analysis diagram Fig.33 The 8th-order modal analysis diagram

The results of the calculation of vibration in its confinement (see Table 6). On the basis that the velocity

influence is 0, the calculated results are still pair-to-pair close to the vibration modes, and the vibration directions
are still different, and the directions are still orthogonal. Finally, the vibration modes and displacement
distributions of each order are obtained, as shown in FIG. 34 to FIG. 41.

Table 6. Frequency of wheels

Order Frequency value (Hz)
1 357.0
2 359.9
3 461.2
4 462.9
5 491.5
6 789.9
7 1045.9

Fig.34 The 1st-order modal analysis diagram  Fig.35 The 2nd-order modal analysis diagram

NN

AN

Fig.36 The 3rd-order modal analysis diagram  Fig.37 The 4th-order modal analysis diagram
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AN

Model chelund2d

Fig.38 The Sth-order modal analysis diagram Fig.39 The 6th order modal analysis diagram

— AN AN
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Fig.40 The 7th-order modal analysis diagram Fig.41 The 8th-order modal analysis diagram

The modal analysis of the new model is carried out. The first 13 orders of free vibration and the first 7 orders
of constrained vibration are selected in the preset range. When the speed is 0, the wheel is constrained by
vibration, and the natural frequency of the first stage is 357Hz, while the speed range of the L-shaped four-
cylinder engine of the design vehicle is 0-5600rpm, and the vibration frequency of these engines is generally in
the range of 0-200Hz, and there is no resonance between the two. It shows that the adjustment of the model
parameters is successful, and the weight of the wheel can be reduced without reducing the mechanical properties
of the wheel.

IV. CONCLUSIONS

In this paper, magnesium alloy wheels are mainly studied, and Pro/e and ANSYS are used to help complete a
lot of work such as 3D model construction and finite element analysis and calculation, to ensure the mechanical
properties of magnesium alloy wheels while they are lightweight. The strength analysis and modal analysis of
various working conditions are emphasized in the designed model. The free and constrained vibration of the
wheel is analyzed and the natural frequencies of each order of the wheel are obtained without the influence of the
speed. Compared with the natural frequency of the wheel and the output frequency of the engine, the natural
frequency of the first mode of the wheel is 629.8Hz (357.0Hz after improvement), while the general four-
cylinder engine speed range is 0-5600mpa, and the vibration range is 0-200Hz, so it will not resonate with the
engine.

Through several finite element analyses and calculations, the weight is reduced to 83% of the original setting
without reducing each index, and the lightweight is realized, which provides a certain reference value for
improving vehicle performance and reducing fuel consumption. Future research can be carried out by further
optimizing material properties, improving manufacturing efficiency and quality, and tapping design potential.
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