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[bookmark: _Toc39362070]Abstract
 Optimization of automobiles means that new designs, new materials, and new technologies are applied to achieve the goal of autos in terms of structure, materials, etc., under the premise of guaranteeing the basic performance requirements, safety requirements, and cost control requirements of automobiles. 
 This paper is taken form work completed by the first author as a member of the Roger’s Major Project group and elaborates on the chassis structure optimization by several methods which make it stronger, lighter and cheaper. The paper utilizes several methods both analytical and experimental to demonstrated the torsional stiffness and gusset plate design with a FSAE car. 
 In numerical analysis, the gusset plate stiffness improvement and torsional stiffness of the chassis discussed on the SolidWorks and EXCEL. The modelling work and finite element analysis were obtained by SolidWorks and which is the basis of the project and the optimized car by changing the thickness of chassis and new material is also analysed to determine the improvement. The measuring data from the torsional stiffness experiment is discussed with EXCEL both the origin and improved chassis.
 In experimental analysis, the joint fatigue test is applied to compare the results of the finite element analysis. At the beginning of the project the measuring work of the real chassis is accomplished by the whole team. The torsional stiffness about the car is measured about the angle by the group too and compared the SolidWorks results which shows an obvious difference. Next a simple model is applied to analyse both the origin and optimized. After optimizing the chassis, the total weight of the simplified model of the chassis was reduced by 5.11%, and the torsional stiffness was increased by 4.67%.
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[bookmark: _Toc39362072]Timing Plan
 10.2019-11.2019, at the beginning measuring work of the FSAE car is accomplished by the team with seven level divided for further modelling. Literature review about the chassis structure optimization on new material, designs and technologies commences which defines the direction of project and master academic writing.
 11.2019-12.2019, in this course author starts modelling the chassis with SolidWorks in a part which stills carrying on. The first attempt of meshing failure brings more modelling work further in the meantime literature research carrying on. The initial measurement and CAD work are prepared to the major project interim viva on 11 December.
 12.2019-03.2020, the gusset plate design work begins. Different thickness and angel of the gusset plate on the tubes were welding and later fatigue test on 23 February. A simplified model with these gusset plates were analysed because of the initial modelling failure meanwhile the tube size analysis begins on the chassis.
 24.02.2020, on this day the torsional stiffness which play an important role on the performance of chassis was measured and data was dealt with EXCEL to compare the FEA results which are totally different.
 04.2020-05.2020, academic writing. Gusset plate design work in SolidWorks and pipe size design work.
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[bookmark: _Toc39362074]Introduction
 According to its shape and manufacture, the chassis has certain deformation resistance. Chassis stiffness usually refers to bending resistance or flexibility, while torsional stiffness refers to torsion resistance to twisting. In order to achieve excellent operation performance in the vehicle, the best torsional stiffness is determined, light weight and accurate distribution along the weight of components, which is one of the most important characteristics of the chassis. In the current work, by changing the design and material of structural components to make the chassis as light as possible and as strong as possible, the optimal torsional stiffness range can be achieved. (Sethupathi, 2018) (Sampo Enrico, 2010)
The torsional stiffness analysis is divided to two parts, experiments and finite element analysis on SolidWorks. FEA work was based on the real chassis so the measuring and modelling work are important and as same as possible. The FEA work and experiments work of the torsional stiffness are the first step to determined. After 4 months hardworking, there is a big difference between them and a simple chassis model which is needed to analyse the optimization by adding gusset plate and changing size of the structure tube.
 Gusset plate analysis begins with two single weld tube and which discussed on SOLIDWORKS and fatigue tests. Fatigue tests are divided to six groups with different diameters and thickness. After testing the gusset plates are used to weld on chassis to improve the handing performance of torsional stiffness.
 The material used for the steel tube of the chassis is Steel 4130. Due to its excellent structural performance, Steel 4130 is a widely used material in the design of the chassis. Its elastic modulus is 210GPa; density is 7.8; Poisson's ratio is 0.27. According to adding the torque T on the chassis, the chassis angle  could be measured then the torsional stiffness K is determined as . After adding the gusset plate and changing the tube shape and size, the chassis optimized stronger and lighter. (Liu Conghao, 2018)



[bookmark: _Toc39362075]Significance
 The main guiding ideology of light-weighting is to design energy-saving components on the basis of ensuring stable and improved performance. Lightweight racing is a systematic project, and the idea of lightweight must be carried through throughout the design of the car. This is of great significance for improving the power of the racing and the fuel economy.
In the event, the dynamic performance of the car is ranked first. The power of the car depends mainly on two factors, the power of the engine and the driving resistance of the car. In order to improve the dynamics of the car, the driving resistance of the car can be reduced. And the expression of car driving resistance: 

W is car weight,  is rolling resistance coefficient,  is slope,  is acceleration,  is equivalent rotation weight ratio,  is air resistance coefficient, A is frontal area, V is the speed. Then the driving resistance consists of four parts, rolling resistance, climbing resistance, acceleration and air resistance. In addition to the air resistance is mainly related to the size, shape and speed of the car body, the other three items are directly proportional to the weight of the car. Therefore, from the perspective of vehicle running resistance, the implementation of a lightweight design to reduce the weight of the car helps to reduce running resistance and improve the power of the car.
The fuel consumption of a car mainly depends on the displacement of the engine and the total mass of the car. Experiments have shown that for every 100 kilograms of vehicle kerb weight reduction, fuel consumption per 100 kilometres can be reduced by 0.3-0.6 litres; vehicle weight can be reduced by 1%, and fuel consumption can be reduced by 0.7%. Reducing the engine displacement will reduce the power of the car, while light-weighting can improve the power of the car while achieving the purpose of fuel economy. (Baidu, 2020)

1. [bookmark: _Toc39362076]Measuring work
 The chassis is composed with several round tubes, square tubes and complexed components. After removing the aluminium shell of the car, the whole chassis structure was fixed on a  metal table. Use a hammer and nail to make a hole in the pipe and tube and then measuring the thickness of the wall of them. They are all the teamwork accomplished by group.
[bookmark: _Toc39362077] 1.1 Different level classification
 As the different thickness of the wall are measured, all the tubes, pipes, and components need to be located. Then a categorical classification is necessary to define different parts of the chassis. Part A, B, C, D, E, F, G are marked on the chassis, part A is the front of the car, part B is the base… and each tube is named as the graph shows
[image: ]
 Figure 1-1 – Different level classification schematic diagram
[bookmark: _Toc39362078]1.2 Joints of the intersection of two or multiple pipes measurements
 As figure1-1 shows, this intersection of 5 tubes which are three different types are complexed. Each joint of the chassis is recorded in order to avoid the cross interference. Each dimension and angel are measured and recorded which my job is to measure them with rules, Vernier calliper, protractor and level instrument. As a result, with a categorical classification the measurements are accurate and clear.
[image: ]
Figure 1-2 – Part of measurements sketch  
[bookmark: _Toc39362079] 1.21 General chassis measurements
 As multiple types of joints and tube size of the chassis, the classification was applied. For the general parts, each joint was measured with 3 distances about the X, Y, Z three direction. As the order of modelling, the measurements begin with the base, following by the centre part and finishing by the front part, back part and other small components. For the irregular shape components such as the structure of steering wheel, are simplified as regular arc shape.
 Beside that, the fixtures also need to be measured to facilitate subsequent SolidWorks modelling and FEA analysis work.


[bookmark: _Toc39362080]2. Modelling work
 Modelling work throughout the entire project from the initial model to the simplified model. After finishing the measurements, the chassis structure was modelled in a part due to the first contact of SolidWorks in order to the further simulation. Because the interference of the initial model takes 1 month to repair but still not working, the simplified model was modelled to discuss the improvements performance of joints support and different tube size.
[bookmark: _Toc39362081] 2.1 Initial model
[image: ]
Figure 2-1 – Initial model graph
 The initial model restored the actual chassis very well, but the interference in the model that the further simulation did not carry on even an extremely small mesh size. As the figure 2-2 and 2-3 shows, there is interference at almost every joint.
[image: ]           [image: ]
 Figure 2-2 – The pipe interference in the joint                    Figure 2-3 – The tube interference in the joint
 Then the sweep modelling was transferred to a new method which a sketch and a path were determined from face to face but hundreds of joints were interfered. Next a simplified model was modelling without several tube shape and sorts of components to analyse the improvement of joints support and tube size.
[bookmark: _Toc39362082]2.2 Simplified model
[image: ]
Figure 2-4 – The simplified model
 Create a three-dimensional geometric model of the chassis in SolidWorks. SolidWorks integrated weldment module makes space truss structure design convenient and fast. Insert a structural member, first create a wire chassis of the member. The layout drawing, and then insert the structural member outline through the standard profiles in the SolidWorks weldment profile library, the required truss structure is generated. The three-dimensional geometric model of the racing chassis is shown in Figure 2-4.
Only the main body were kept and the base part with same length and material tube but different tube size. The simplified model accomplished with structural weldments and the mesh worked with the joints as the figure shows without interference.
[image: C:\Users\trave\AppData\Local\Temp\WeChat Files\b9f4298bc017b9c2c53c66644fa60d7.png]
Figure 2-5 – The mesh result of joints on simplified model
 The simplified initial model is 37.44 kg and modelled with square tubes and pipes as the graph shows
[image: ]
Figure 2-6 – The different tube on simplified model
As figure 2-6 shows, the orange ones are square tube configured 40 x 40 x 2 and the black ones are pipes configured 21.3 x 2.3 

[bookmark: _Toc39362083]3. SolidWorks simulation static analysis of the simplified model
[bookmark: _Toc39362084]3.1 Establishment of Chassis Simulation Model
 In the SolidWorks interface of the model, click on the tool and select SolidWorks Simulation plug-in, now the icon is displayed in the SolidWorks toolbar, click on the figure Enter the Simulation interface. Click Study Advisor in the main toolbar, in its drop-down menu Select the button and a dialog box appears as shown in Figure 3-1. Enter the name as "Static Analysis", the default selection is static stress analysis, click directly to confirm. (Min, 2017)
[image: C:\Users\trave\AppData\Local\Temp\WeChat Files\9c641a4327dcbedd063567ef903f384.png]
Figure 3-1 – Interface of the model
[bookmark: _Toc39362085]3.2 Definition of chassis material properties
 Figure 2-6 is a three-dimensional model of the original chassis, which using 4130 steel pipes of 2 different cross-sectional dimensions, the mechanical properties are shown in Table 1. Since the material density of 4130 steel pipe is small, and has a large yield. The strength of the suit reaches 386 MPa, and the use of 4130 steel pipes contributes to the lightweight design of the chassis. (Jiahui, 2018)


Table 1- Physical properties of 4130 materials
	parameter name
	 Parameter value

	  Density/
	7.839

	  Elastic Modulus/
	

	  Poisson's ratio
	0.279

	  Yield Strength
	386

	  tensile strength
	


 
[bookmark: _Toc39362086]3.3 Add constraints and external loads to the chassis analysis model
[bookmark: _Toc39362087]3.31 Add constraints to the lead analysis model
 In order to complete a static analysis, the model must be constrained correctly so that it cannot move. SolidWorks Simulation provides various fixtures to constrain the model. In general, fixtures can be applied to the faces, edges, and vertices of the model. In this paper, the chassis is set as a fixed constraint model. In order to imitate the actual fixing method, the following steps are performed: Select "Fixed geometry", as figure3-2 shows
[image: ]
Figure 3-2 –Fixed geometry
[bookmark: _Toc39362088]	3.32 Add external loads to the analysis model
 Rotate the model to display the beam on which the pressure of 1 G will be loaded, and select the direction of the pink line, click the side. Right-click "External Load" and select "Force". Fill in "1" in the "Force Value" column and confirm whether the direction of the force is applied. Correct and ok. As shown in Figure 3-3.
[image: ]
Figure 3-3 –Add loads to the analysis model
[bookmark: _Toc39362089] 3.4 Mesh the chassis analysis model and perform static stress analysis
[bookmark: _Toc39362090] 3.41 Mesh the chassis analysis model
SolidWorks Simulation will recommend the use of the default medium-density mesh. The analysis process in this paper also uses the default elements for meshing, as shown in the figure 3-4. The mesh density directly affects the accuracy of the results. The smaller about the element, the smaller of the discrete error, but the longer the meshing and solving time. Right-click on the menu bar below the design tree on the left and select "Grid", click Generate Grid, and then select "OK". (CHEN Jianyin, 2017)
[image: C:\Users\trave\AppData\Local\Temp\WeChat Files\e7aa8a8323a630726dce7e841a52a3d.png]
Figure 3-4 –Mesh size
[bookmark: _Toc39362091] 3.42 Static stress analysis of the chassis analysis model
 The evaluation index of stiffness is mainly torsional stiffness, and the torsional stiffness of the chassis is an important index that affects the mechanical performance. Simulates the torsional deformation of the chassis, constraining the centre suspension point of the lower right arm of the rear suspension to the chassis at the midpoint of 3 translational degrees of freedom; constraining the centre suspension point of the lower arm of the left suspension to the chassis at the midpoint of Y and Z translations Degrees of freedom; constrains the Z degree translational degrees of freedom at the midpoint of the foremost lower rod. Apply a force of 1kgf to the connection points of the front, left and right rocker arms and the chassis, so that the chassis undergoes pure torsional deformation. (wei, 2014)
Click "Run" in the upper menu bar to start the solution, and get the URES diagram of the chassis as shown in Figure 3-5. As shown in the figure, the maximum URES = 1.306e-02, and the minimum of URES = 1.000e-30. 
The calculation formula of torsional stiffness is as follows:


Where T-the torque of the chassis under torsional load; θ-the torsion angle of the chassis, that is, the angle of the front axle; h-the vertical displacement difference of the load point; d-the distance between the two load points. Use the torsional stiffness at the front suspension as the torsional stiffness of the chassis then
[image: ]
Figure 3-5 –The torsional deformation maps of simplified chassis
  After calculation, the torsional stiffness of the chassis under the finite element model is obtained

 The experience value of the torsional stiffness of the chassis designed by the racing car is generally above ，Then the simplified chassis is satisfied. The data obtained from this initial simplified model analysis will be used to compare various optimization results in the subsequent research.




[bookmark: _Toc39362092]4. Torsional Stiffness Testing
 The torsional load is caused by the load acting on one or two opposite angles of the car. The chassis can be considered as a torsion spring, with the suspension load acting on both ends. The torsion load and the subsequent deformation of the chassis will affect the operation performance of the vehicle. The resistance to torsional deformation is often referred to as the stiffness. It is generally considered that this is the main determinant of the performance of FSAE car chassis. (George, 2002)
[image: ]
Figure 4-1 –Longitudinal Torsion Deformation Mode
(DulieuBarton, 2005) The goal of the test stand was to constrain and torque the chassis to measure the torsional deflection. (Amy Elizabeth Chambers, 2016) As shown in the figure 4-2, the entire chassis is placed on a stand, the rear part of the chassis is fixed, and a horizontal long rod is fixed on the front part of the chassis to apply torque. The rear end of the chassis is fixed, torque is applied at the front end, and the amount of deformation at five positions is measured to obtain the torsional stiffness of the entire chassis. Five crossbars are fixed at five positions of the chassis, and a measuring instrument is placed at each end of the crossbar to measure the chassis to maintain level.
[image: ]
Figure 4-2 –The rear part of the chassis is fixed
[image: ]
Figure 4-3 –A crossbar is fixed at the front of the chassis to facilitate torque application
 To measure the deflection of the chassis, apply torque to the crossbar fixed at the front of the chassis, and measure the displacement of the five positions of the chassis to obtain the deformation of these five positions. The five crossbars are not symmetrical, so the distance from the measuring point on the left and right sides to the centre should be measured separately. Finally, the longitudinal displacement is divided by the length of the left and right sides to calculate the offset angle. The chassis number from the rear to the front is 1, 2, 3, 4, 5 and L is the distance between the left and right measuring points. The distance between the left and right ends are 815, 765, 825, 785, 810, 830, 770, 800, 445, 360.
[image: ]
Figure 4-4 –First experiment data
 When a torque was applied, ten experimental data will be obtained about the displacement of these five positions, and the ten data correspond to each other. From the front end of the chassis to the rear end of the chassis, the entire chassis is spread. The measured data includes the vertical displacement of the rod, the various geometry of the system and the force applied to the lever arm. The measured geometry includes the length of the moment arm, the wheelbase, and using these values, the angular deflection is calculated using basic trigonometry. The triangle used to calculate the angular deflection is shown in figure 4-5[image: ]
Figure 4-5 –Triangle used to calculate angular deflection.
A load of 65.5 kg is applied to the cross bar at the front end of the chassis to obtain displacement data at the left and right ends of the five positions, and the value of the angle change is calculated according to the distance from the point where the load is applied. Measured three times and take the average and draw a chart:

Table 2- Graph of calculation results of angles of various parts of the chassis

 Comparing the data obtained by the experimental analysis with the data obtained by the FEA finite element analysis, it is found that the two are very different. Then the SolidWorks model is optimized by adding the fixture, the force bar, and the device applying torque are all modelled. The data obtained by the computer after more than ten hours of finite element analysis are still very different. The author considers about the difference between the two data results, and holds the view that this is the difference that the fixture model is not added in the chassis and the mesh size in SolidWorks software is not accurate enough.
Due to the outbreak of coronavirus, it is impossible to go to the laboratory for measurement and optimization, and the original initial model cannot be further modified. Then it should be optimized on SolidWorks. After communicating with the tutor and the team members, the following experiment will be optimized and analysed with a simplified chassis model.


[bookmark: _Toc39362093]5. Optimization
 For FSAE racing chassis, torsional stiffness is a very important design parameter, because torsional loads will cause deformation of the chassis and suspension related components, which will affect the vehicle's grip and operability. Here author would change the structural specifications and add gusset plate on the simplified chassis which make the chassis stronger, lighter, and cheaper.
[bookmark: _Toc39362094]5.1 Structural specifications
 Due to the outbreak of Coronavirus, the author can only work at home and use SolidWorks software for analysis. As we all know, there are only six types of tubes in the weldments of SolidWorks: angle iron, c channel, rectangular tube, pipe, SB beam, and square tube. The entire simplified chassis is composed of pipes and square tubes. Here, the author uses these two tubes for chassis torsion experiments analysis. Test the difference between the weight of the chassis composed of square tubes or all pipes and the results obtained by the torsion experiment. The author changes the diameter and wall thickness of the square tube and the round tube by changing the specifications of the structural part specifications in the SolidWorks configuration file to change the structural part specifications to change the entire chassis. In order to study the influence of different pipe section shapes and pipe diameter and wall thickness on the chassis structure.
[bookmark: _Toc39362095]5.2 The simplified model
The original simplified chassis model is composed of 40X40X4 square tubes and 33.7X4.0 pipes. The weight of the whole chassis is 142.72Kg. The specific experimental steps have been described very clearly in the previous static analysis, so here is an analysis result directly. In order to compare the results obtained by analysing the data of the structural part specifications, pipe diameter and wall thickness later.
[image: ]
Figure 5-1 –Static displacement data of simplified model
 It can be intuitively seen from the figure that the maximum deformation of the chassis is 1.306e-02 mm then the  can be calculated as and the front end of the chassis has a large amount of deformation. Later the author will add gusset plate to the front end of the chassis to do research. Here, I will continue to compare the research of the chassis composed of square tubes and pipes.
[bookmark: _Toc39362096]5.3 The chassis composed of square tubes
 Keep the sketches of the structural parts unchanged, and change the specifications of the structural parts to 40X40X4 square tubes which tubes length and width are 40mm, wall thickness is 4mm. Carry out the simulation operation, using 4030 steel, in the quality information bar, the weight of the entire chassis is 158.58kg which is heavier than the simplified model.	Then author also fix the four joints on the rear part of the chassis, apply a force of 1 kg to the front bar of the chassis, and make a mesh to obtain the deformation diagram as shown in the figure5-2.
[image: ]
Figure 5-2 –Static displacement data of square tubes chassis
It can be seen from the figure that the largest type variable of the chassis is 1.026e-02mm which is smaller than the original chassis. Then the  can be calculated as Take several nodes from the graph and compare it with the original chassis shape variable. It can be obtained that the deformation variable is smaller than the original chassis. According to the previous analysis, the smaller the deformation variable, the smaller the torsion angle and the greater the chassis torsional stiffness.
Regarding taking points, as figure5-3 shown, the author selects the listed displacement in the result consultant option in the analysis result interface, selects the range in the advanced option of listed displacement, and then selects any point of the chassis after the mesh result. Here the author selects the five rods on the bottom right of the chassis. A figure5-4 of deformation is drawn at all points on the graph.

[image: ]
Figure 5-3 –operation of listing the result
[image: ]
Figure 5-4 –deformation of the chassis
	It can be seen from the figure that the displacement of the front end of the chassis gradually increases, and the amount of deformation in the main part decreases in turn.
[bookmark: _Toc39362097]5.4 The chassis composed of square tubes
 Keep the sketches of the structural parts unchanged, and change the specifications of the structural parts to 33.7X4 pipes which length and width are 40mm, wall thickness is 4mm. Carry out the simulation operation, using 4030 steel, in the quality information bar, the weight of the entire chassis is 113.4kg which is lighter than the simplified model.	Then author also fix the four joints on the rear part of the chassis, apply a force of 1 kg to the front bar of the chassis, and make a mesh to obtain the deformation diagram as shown in the figure5-5.
[image: ]
Figure 5-5 –Static displacement data of pipes chassis
It can be obtained from image 5-5 that the maximum deformation of the chassis is 1.639e-02mm, then the can be calculated as which is not much different from the original chassis but larger than the square tube chassis. Here the author will compare the weight of the three different chassis and the list of maximum deformation variables, and consider choosing the best chassis and author will introduce the concepts of mass reduction rate and maximum deformation reduction rate. The mass reduction rate is equal to the difference between the total mass of the original vehicle minus the total mass of a certain chassis divided by the total mass of the original chassis. The reduction rate of the maximum deformation is equal to the maximum deformation of the original chassis minus the maximum deformation of a chassis divided by the maximum deformation of the original chassis.
Table 3- Comparison of three different chassis results
	Chassis Type
	Total mass of chassis
	KT
	Mass reduction rate
	KT rate

	Simplified chassis
	142.72Kg
	
	1
	1

	Square tubes chassis
	158.58Kg
	
	-11.11%
	27.29%

	Pipe tubes chassis
	112.39Kg
	
	21.25%
	-20.32%


Because this paper mainly explores the lightweight of the chassis structure, the quality of the chassis composed of pipes is reduced by 21.25% on the basis of the small change in the amount of deformation. So here we choose the chassis structure composed of pipes for further analysis. Further study is carried out by changing the system parameters of SolidWorks structural parts.
[bookmark: _Toc39362098]5.5 Pipe tube size
Here author changes the diameter and wall thickness of the pipes by changing the specifications of the structural part specifications in the SolidWorks configuration file to change the structural part specifications to change the entire chassis. In order to study the influence of different pipe section shapes and pipe diameter and wall thickness on the chassis structure. The way to changing the specifications of the structural part specifications is finding the weldment folder in the SolidWorks folder, and use the SolidWorks software to modify the structural pipe fitting parameters configured by default in the sketch editing system.
The author changed the parameter of the 33.7mm X 4mm round tube file to 33.7mm X 4.5mm round tube in the SolidWorks configuration file. The total mass increase of the entire chassis is 124.27KG. [image: ]
Figure 5-6 –Change diagram of round tube configuration parameters 
 Then update the structural parameters of the chassis, fix the entire chassis as the same, and apply the same load. The result is shown in the figure5-7. 
[image: ]
Figure 5-7 –Static displacement data of pipes chassis
	It can be obtained from image 5-7 that the maximum deformation of the chassis is 1.490e-02mm, then the can be calculated as  which is stronger than the original pipes chassis.
 After that, author changed the parameter of the 33.7mm X 4mm round tube file to 33.7mm X 4.5mm round tube in the SolidWorks configuration file. The total mass increase of the entire chassis is 127.98KG. Then update the structural parameters of the chassis, fix the entire chassis as the same, and apply the same load. The result is shown in the figure5-8. 
[image: ]
Figure 5-8 –Static displacement data of pipes chassis
	It can be obviously obtained from image 5-8 that the maximum deformation of the chassis is 1.505e-02mm, then the can be calculated as  which is stronger than the original pipes chassis. Then the author will compare the chassis of these three round tubes with different wall thickness and the original chassis. Discuss the optimal choice to optimize the chassis.

Table 4- Comparison of three different chassis results
	Chassis Type
	Total mass of chassis
	KT
	Mass reduction rate
	KT rate

	Simplified chassis
	142.72Kg
	
	1
	1

	 Pipe tubes chassis
	112.39Kg
	
	21.25%
	-20.32%

	 Pipe tubes chassis
	124.27Kg
	
	12.93%
	-13.22%

	 Pipe tubes chassis
	127.98Kg
	
	10.33%
	-12.35%


Due to the light weight of the chassis, it is necessary to ensure that the chassis torsional stiffness does not become smaller. The absolute value of Mass reduction rate is required to be greater than the absolute value of KT rate. Then author chooses round tube for further analysis.
Continue to modify the diameter data of the round pipe structure in the SolidWorks configuration file. To change the diameter of the chassis tube structure to analyse the weight and stiffness optimization of the chassis. On the basis of ensuring that the wall thickness of the round tube remains unchanged, the original round tube diameter 33.7mm is changed to 35mm.
[image: ]
Figure 5-9 –Change diagram of pipe configuration parameters 
	Then updating the structural parameters of the chassis, fixing the entire chassis as the same, and applying the same load. The result is shown in the figure5-10. The total mass increase of the entire chassis is 117.16KG.
[image: ]
Figure 5-10 –Change diagram of pipe configuration parameters
It can be directly obtained from image 5-10 that the maximum deformation of the chassis is 1.543e-02mm, then the can be calculated as  which is lighter than the original pipes chassis.
After that, author changed the parameter of the 35mm X 4mm round tube file to 40mm X 4mm round tube in the SolidWorks configuration file. The total mass increase of the entire chassis is 135.43KG. Then author updated the structural parameters of the chassis, fixed the entire chassis as the same, and applied the same load on front bar. The result is shown in the figure5-11.
[image: ]
Figure 5-11 –Change diagram of pipe configuration parameters
It can be obtained from image 5-10 that the maximum deformation of the chassis is 1.248e-02mm, then the can be calculated as  which is stronger than the original pipes chassis. Then the author will compare the chassis of these three pipes with different wall diameters and the original chassis. Discuss the optimal choice to optimize the chassis.
Table 5- Comparison of three different chassis results
	Chassis Type
	Total mass of chassis
	KT
	Mass reduction rate
	KT rate

	Simplified chassis
	142.72Kg
	
	1
	1

	 Pipe tubes chassis
	112.39Kg
	
	21.25%
	-20.32%

	 Pipe tubes chassis
	117.16Kg
	
	17.91%
	-15.36%

	 Pipe tubes chassis
	135.43Kg
	
	5.11%
	4.65%


[bookmark: _Toc39362099]Conclusion
Then the pipe was changed to a diameter of 40mm and the thickness was unchanged. The chassis made of the entire pipe was 5.11% lighter than the original chassis, and KT increased by 4.65%. So here the author will choose a chassis made of 40mm pipes with a thickness of 4mm for further analysis.

[bookmark: _Toc39362100]6. Gusset plate design
In a chassis work structure, gusset plate can play a very important role. It can be said that its role is much more important than its size can explain. The reasons for using gusset plate are as follows:(1) gusset plate can provide a larger cross-sectional area and moment of inertia for the beam end, thus reducing the transverse shear stress and bending normal stress on the beam end section. Gusset plate can also relieve local stress concentration.(2) The gusset plate improves the fixing degree of the beam end, thereby also increasing the torsional stiffness of the chassis, and can also reduce the mid-span bending moment.(3) Since gusset plate is installed, a larger gap is allowed when positioning the connected members, thus making the structure easy to construct. (Pei, 2018)
In the analysis of the previous chassis torsion experiment results, it can be obtained that the deformation of the front end of the chassis is large. Here, the author will add a lighter Gusset plate to the front end of the chassis to make the chassis more rigid. Through the study and comparison of different thicknesses, different shapes of Gusset plate and the impact of Gusset plate at different positions at the joints.
In the first step, the author will apply Gusset plate of different designs to the simple two 90-degree welded rods and compare the improvement of the torsional stiffness of the simple rod with different gusset plate. The first step is also divided into two steps, design modelling and finite element analysis in SolidWorks software, and then do a fatigue test in the laboratory to study and prove.
[bookmark: _Toc39362101]6.1 Gusset plate test
Since the rods provided by the laboratory are 1.6mm thick, the thickness of Gusset plate will be divided into two groups of 1mm and 1.6mm. In addition, the shape of gusset plate will be divided into isosceles right triangle and 30 degrees 60 degrees right triangle. Finally, there is the difference between the gusset plate applied to the side and the middle of the weldment joints.
Because the research in SolidWorks software is to simulate the actual situation, the author here provides the experimental results and analysis of the actual fatigue test.
[image: ]
Figure 6-1 –Welded structural parts with gusset plate
	As shown in the figure6-1, these are comparative experimental groups of different gusset plate, used to compare and study the optimization results brought by gusset plate of different thickness and different shape. As can be seen from the leftmost welded part in the figure, the welded part is equipped with fixing devices. Only with these fixed devices can the fatigue test experiment be performed on the machine. Therefore, in SolidWorks, the contact part and the stress part should be simulated for analysis.
[image: ]
Figure 6-2 –Fatigue test
Under the guidance of the teacher, the author first added pressure to do the pre-experiment and then completed the fatigue test experiment of all six welded structural parts, and exported the six sets of data images for comparative analysis, resulting in a 1.6mm 45-degree isosceles right-angled triangle The gusset plate welds in the middle of the weldment have the highest limit stress value.
During the experiment, the author found that the structural parts welded to the side of the weldment by the gusset plate were broken before the gusset plate broke during the stretching process, which meant that the strength of the gusset plate was higher than the structural part itself. Torsional deformation occurred during the stretching process, and twist occurred during the stretching process. This also means that gusset plate welded to the side will bring additional changes to the structure and is not conducive to the strength of the structural parts.
[image: ]
Figure 6-3 –Twist deformation during the fatigue test.
After the all six structural parts have been subjected to fatigue tests, all six welded parts have reached the fatigue limit, that is, all welded parts have broken.
[image: ]
Figure 6-4 –Six structural parts that have reached the fatigue limit
	After continuously applying tension to each welded structural part, all six structural parts reach the fatigue limit. The computer will generate a graph of the relationship between the load and the displacement of the machine fixture (that is, the deformation of the welded structural part).
[image: ]
Figure 6-5 –The load displacement curve about 1.6mm mid isosceles right triangle
		Compared with the six experiments, the maximum stress of the 1.6mm mid-isosceles right triangle group is the largest, which means that this structural component can withstand the maximum load before the fatigue limit. In the figure6-5, the maximum limit load is close to 17KN and the maximum displacement is close to 40mm. It can also be found in the figure6-5 that there is a discontinuous curve in the lower left corner. This is to apply load. In order to tightly connect the structural member with the fastener, the load applied in the pre-experiment caused some deformation when the previous curve applied a small load. Then the maximum displacement is . It is a pity that the comparison test at that time did not set up a blank group, so that the welded structural parts with gusset plate were not much stronger than ordinary structural parts. But compared with other groups of experiments, the thickness is thicker, the shape is an isosceles right triangle, and the structural member welded in the middle of the structural member is stronger. As the thickness of the gusset increases, the initial stiffness of the joint increases. (XiaonongGuo, 2015)
[bookmark: _Toc39362102]6.2 Gusset plate design in SolidWorks
The initial design was carried out in SolidWorks software. In order to make the design criteria easier to understand, the author first described the actual fatigue test experiment, so that it is easier to understand why this design is required in SolidWorks software.
The design of Gusset plate in SolidWorks was also initially compared on two simple welded parts. The optimal gusset plate from the experimental research is then applied to the chassis and the optimization of the entire chassis is analysed.
[image: ]
Figure 6-5 –The displacement graph of the weldment with gusset plate
Since this welded structural part is symmetrical, gusset plate is also symmetrical. Here, the author uses the welded part as a fixed point and applies a load of 17KN to both ends. The part where the load is applied is determined according to the actual fastener test. Two wires at both ends. Initially, the author also applied load on the edges of both ends of the welded structure, but the results are far from the actual fatigue test results. In the figure, it can be seen that the largest deformation variable appears at both ends of the structural member. Due to the symmetrical structure, the magnitude and direction of the applied load are the same, and the fixed point is on the symmetry line. It is not difficult to obtain the deformation displacement of the entire fastener is . Because there is no blank control group, the actual ultimate stress increase data cannot be calculated, but because compared with other control groups, the ultimate stress of this structural member is the largest. Therefore, it can be concluded that gusset plate has an optimization effect on the actual structure. Later authors will apply gusset plate to the simplified model chassis to analyse the actual change data.
[bookmark: _Toc39362103]6.3 Gusset plate applied in the optimized pipe chassis
Because the pipe diameter of the chassis is 40mm, which is much larger than the square tube diameter of the simple weldment, in SolidWorks, gusset plate with a length and width of 25mm and a thickness of 5mm will be used at the node. In the chassis torsion experiment results, it can be seen that the deformation of the front of the chassis is large, so in this study, 5 gusset plates are applied at the front joints of the chassis. After adding these gusset plates, the weight of the entire chassis increased to 135.49Kg. The weight of the whole vehicle has only increased by 0.06Kg. After studying the integral contact surface group of the gusset and the chassis for several hours, it is concluded that only orthogonal beams can use gusset plates as a solid and can run FEA. Then it can't add too many gusset plates at the front of the chassis, so the author only added 6 gusset plates for analysis.
[image: ]
Figure 6-6 –Final optimized chassis with gusset plates
	It can be obtained from image 6-6 that the maximum deformation of the chassis is 1.258e-02mm, then the can be calculated as  which is smaller than the optimized pipes chassis. This result is contrary to the analysis results of the welded parts suggested above. The author here suspects that there are experimental errors due to the mesh size, but because of the stay-home work, the mesh size limit of the computer is very small and it is impossible to do more precise mesh work. Then the experimental results can only stop here. In addition, because the simple chassis model is composed of structural parts, it is difficult to match more gusset plates. In further work, gusset plate is applied to the original model assembly for analysis but not on the weldment part. But the author always believes that the light weight gusset plates can bring a relatively large torsional stiffness optimization to the entire chassis. Author hopes that in further work in the school can do deeper analysis by modelling better chassis in assembly and do practical experiments to verify the improvement of gusset plate for chassis structure.
The gusset plate to tube connection is a connection where the plate is directly welded to the outer surface of the tube. The author has proposed yield and ultimate strength. Equation of local deformation at various strengths. The load-deformation process from the gusset plate to the pipe joint are described by nonlinear regression. Using these equations to approximate each load-deformation curve by two straight lines, the effect of the gusset plate is obtained. (M. Ariyoshi, 1999)











[bookmark: _Toc39362104]7. Weight-cost combined effect
 At the same time as weight reduction, it is necessary to appropriately consider the cost factor and take into account the comprehensive benefit of weight-cost. The figure 6-1 depicts several basic trends in the main cost components of light-weighting. The vast majority of costs show the process of exponential changes. Lightweight should find a balance in these changes in weight-cost.
[image: ]
Figure 6-1 –weight-cost curve of parts
Due to the impact of the Coronavirus epidemic, the school's computer room was closed. Work on quality costs cannot be performed at home, and CES EDUPACK software cannot be analysed at home.


[bookmark: _Toc39362105]Conclusion
In this paper, author combines theory with actual experiment. Starting from the actual frame, measure the size of the frame, build a model in the SolidWorks software, do simulation to analyse the frame stiffness, design the optimization experiment, and finally return to the actual experiment to do the frame torsional stiffness experiment to verify the frame optimization results. Due to the outbreak of the COVID-19 epidemic, the frame model cannot carry on improving, the optimization process is completed on simplified chassis, and the optimization results of pipes and gussets cannot be verified by actual experiments. In further work these jobs will be completed.
In the measurement phase, author skilled use of various measurement tools and drawing knowledge to ensure the accuracy of the measurement results, the group work was successfully completed.
In the process of modelling with SolidWorks, the complete model is accurately built in a part. Due to the interference between the rods, the model has been modified and has been becoming more perfect. Author also used SolidWorks software skills to model the bottom of the chassis and the front of the chassis.
After completing the mid-term viva, the goal became to optimize the frame of the vehicle using gussets. After analysing for a period of time, the author found that the changes in the pipe fittings can also optimize the frame, so he conducted a study of the pipe structure.
In the later design optimization process, the author read a lot of literature, designed and optimized the gusset, did a fatigue test of the gusset, and applied the gusset structure to the entire simplified chassis.
In SolidWorks software, the specifications of structural parts and fittings were changed to study the influence of square and round pipes on simplified chassis, and the process of modelling and analysis was demonstrated.
By modifying the SolidWorks configuration file, changing the wall thickness and pipe diameter of the pipe to find a structural member suitable for the chassis. Finally, through analysis, the total mass of the simplified chassis is reduced by 5.11% and the torsional stiffness of the chassis is increased by 4.67%, and the optimization of the simplified frame is completed.
Also because of COVID-19, frame optimization failed to achieve price correlation, and weight-cost related work could not continue.


[bookmark: _Toc39362106]Further Work
 Due to the impact of the epidemic, this research report only completed the optimization of the simplified model, and did not do actual experiments (except for the Gusset plate fatigue test). Therefore, this paper simply describes the direction of some chassis optimization and the simple first step. With regard to the optimization of the chassis, there is much more work to be done. Here author gives direction to study.
1, After the SolidWorks analysis work is completed, actual experiments are conducted to verify the rationality and accuracy of the analysis results. Better perfect the original model.
2, In the cross-sectional shape of pipe fittings, several kinds of analysis and comparison are used. For their quality, they are used as all the torsional stiffness after the chassis structure.
3, In the SolidWorks configuration file, modify the data of structural parts, diameter, length and width of pipe fittings, wall thickness and other data. Study the contribution of more diversified pipe fittings to chassis optimization.
4, In addition to increasing the pipe wall thickness to optimize the simple model composed of Pipes, choosing the best option between the overall vehicle mass and stiffness can reduce the mass of the Square tubes structural member to reduce the total mass of the chassis composed of Square tubes. Optimize the entire chassis. Of course, in addition to this, the tube size of other cross-sectional shapes can also be changed to optimize the vehicle model.
5, The chassis of various tube combinations is used to optimize the chassis of the whole vehicle. For example, in the torsion experiment results of the chassis, the rigid part is used for the front part with large deformation and the lighter pipe structure is used for the other parts with small deformation.
6, In addition to torsional stiffness experiments, more types of static experiments are done. Of course, dynamic experiments also need to be done in actual situations.
7, Within the scope of the Weight-cost combined effect diagram, more expensive materials such as low-carbon steel can be used to optimize the chassis, making the chassis lighter and more rigid.
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