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Abstract
In this research proposal, Yujian Liu delves into the safety performance of skateboard chassis electric vehicles, particularly focusing on battery safety during crash tests. The paper thoroughly explains the structure and functionality of the skateboard chassis, which enhances overall vehicle rigidity and stability by integrating various independent parts and functional modules into a unified system. It emphasizes the design and placement of the battery module, questioning how these elements are key to the vehicle’s range and safety. The study employs dynamic testing and simulations with Ansys Mechanical software to ensure battery safety in crashes. Additionally, it discusses various typical layouts and structural optimizations of battery packs to improve vehicle handling and stability. Through Finite Element Analysis (FEA) tools, the research evaluates the strength and deformation characteristics of the electric vehicle chassis, providing scientific foundations for future safety designs in electric vehicles.
1. Introduction
1.1 Background
Along with the rapid development of the automotive industry, skid plate chassis become the future trend of new energy vehicles. What is a skateboard chassis? From the perspective of structural integration, skid plate chassis refers to the integration of multiple independent parts on the chassis of a traditional automobile into a whole structure through the integration of design and manufacturing technology, so as to achieve structural integration. By reducing the number of independent parts and integrating the connections between them, structural simplification and integration can be achieved, and the overall rigidity and stability of the vehicle can be improved. From the perspective of functional integration, a skateboard chassis refers to the integration of several independent functional modules into a whole system to achieve functional integration. These independent functional modules include the transmission system, braking system, steering system, battery system, etc. The design of the skid plate chassis allows for closer coordination and interaction between them, thus improving the performance and efficiency of the vehicle.
The "Hy-wire" skateboard chassis introduced by General Motors in 2002 is a new energy vehicle powered by hydrogen fuel cells; in recent years, with the rapid development of pure electric vehicles, the concept of the skateboard chassis has been extended to the field of pure electric vehicles. 2012 saw Tesla officially launch the Model S skateboard chassis fitted with the modular chassis Pack system, the first company to introduce the concept of the skateboard chassis to the field of electric vehicles. In 2012, Tesla officially launched the Model S skateboard chassis equipped with the modular chassis Pack system, and was the first enterprise to introduce the concept of skateboard chassis into the field of electric vehicles. In 2019, US startup Canoo will create a "skateboard chassis electric vehicle platform", combining the Canoo Lifestyle Vehicle, Muti-Purpose Delivery Vehicle, Pickup Truck and other models based on the same skateboard. The Canoo Lifestyle Vehicle, Muti-Purpose Delivery Vehicle, Pickup Truck, and other models will be developed on the same skateboard chassis, significantly reducing model development time. In 2021, British EV manufacturer Arrival will take "modular skateboard chassis" as one of the main technologies for vehicle development. arrival's current plan is mainly in the field of commercial vehicles, ranging from 0.8 tonne small logistics trucks, to 4 tonne medium-large box trucks, to buses capable of carrying 80-125 passengers. Arrival's current plans focus on commercial vehicles, ranging from small logistics vehicles with a capacity of 0.8 tonnes to medium and large boxcars with a capacity of 4 tonnes and buses carrying 80-125 passengers.
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Fig. 1  Skateboard Chassis and Vehicles
For skateboard chassis, the battery, as the heaviest and most dangerous module, is the key indicator of the electric vehicle's range and safety measurement. The power performance of the skateboard chassis is closely related to the battery module, which is not only the user's evaluation of the car, but also the key factor of market recognition of the enterprise; the safety of the skateboard chassis and the mechanical strength of the battery module are directly related, and the skateboard chassis with high safety must have the battery module with reasonable structural design and qualified strength.
1.2 Research Gap
In this research, the main focus of attention is on the battery safety of the skateboard chassis and the design of the battery module. The specific research questions of concern are shown below:
1. The different types of batteries used in electric vehicles.
2. What can happen to batteries in a crash (thermal runaway, failure modes, etc.)
3. Examining how battery vehicles are currently tested in crashes and how this differs from EuroNCAP's internal combustion engines.
4. Where batteries are typically placed in vehicles and therefore in which crash scenarios they are exposed
5. Perform some dynamic testing of batteries and their enclosures using Ansys Mechanical to ensure they are safe in a crash

2. Literature Review
In recent years, with the high quality development of electric vehicles, the brand new skateboard chassis has become a hot research. Many researchers and scholars have been working in this field.
Kunwar et al (Aarati Kunwar et al.,2023)designed a new chassis frame for electric vehicles. After considering different selection criteria, structural steel was used; rectangular hollow section beams were selected using solid mechanics studies; minimum section modulus of rectangular hollow section beams was calculated after maximum bending moment calculation. Rectangular hollow section beams with a section modulus of 87.54mm3 and a size of 120*80/8 were used for the long side members of the frame, and beams with a section modulus of 17.05mm3 and a size of 80*40/4 were used for the long side beams of the frame. And modal analysis of the frame was carried out. Finally, the value of bending stiffness was determined as 6.5197 *106 Nm2 Torsional stiffness values were 6.50407*105 Nm/rad and 7.47384*105 Nm/rad respectively.
Diary (Diary, 2022)developed a chassis based on traditional chassis design methods that meets modern requirements and future research. A literature study of future batteries, chassis types, chassis materials and optimal cross-sections was carried out. The analysis was carried out from an environmental point of view and life cycle analysis (LCA). The results show that the 'skateboard' chassis model is the most suitable for the target vehicle and that Advanced High Strength Steel (AHSS) proves to be the most suitable material for the load bearing structure.
Durgam et al (Durgam et al., 2021) simulated an Electric Vehicle (EV) chassis frame with square beams using Finite Element Analysis (FEA) tools and strain gauges to find out the stress, strain and deformation characteristics in the structural body. In this chassis structure we are considering the engine weight, alternator weight, motor weight and battery pack weight. The total weight of the chassis structure is around 4 tonnes.
In the study of chassis design, Baker et al (Baker, 2015)performed multi-objective optimisation of automotive ladder frame chassis to reduce the weight of the chassis, they designed a CAD model of LFC, extracted a finite element model from the CAD model and then discussed the dimensional optimisation and topology optimisation for a single material. Christensen et al (Christensen, Bastien and Blundell, 2012)used topology optimisation technique for an electric vehicle body-in-white mass. Torstenfelt et al (Torstenfelt and Klarbring, 2007)used topology optimisation technique for the body skeleton and achieved a better lightweighting effect.
3. Methods
3.1 Model
3.1.1 Battery Model
The battery packs of EVs are large and heavy, and it is difficult to find a perfect installation space in the chassis. The arrangement of the battery packs needs to consider whether the installation location is safe enough, for example, whether the battery packs will be severely crushed and deformed due to the extreme conditions of front collision, side collision, rollover, falling from height, etc., or whether they will catch fire and explode due to the huge acceleration; and the weight distribution needs to be taken into consideration to ensure the balance of the vehicle and improve the handling and stability. In order to ensure the balance of the vehicle and improve the manoeuvrability and stability, the following four distribution methods will be evaluated in this work: (a) "earth" type battery pack; (b) "concave" type battery pack;(c) "T" type battery pack; (d) one-piece packs (as shown in Fig. 2).
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[bookmark: _Ref163973039]Fig. 2 Typical arrangement of battery packs for electric vehicles
The battery box module is the centre of gravity of the whole chassis structural design. The reason for this is that it is both the carrier of the battery system (battery box) and part of the chassis load carrying. Based on the study of references, structural steel is selected as the main material, and the battery module is designed according to the flow in Fig. 3, taking into account the results of the study on the battery arrangement method.
[image: ]
[bookmark: _Ref163972984]Fig. 3 Modelling process
3.1.2 Skateboard Chassis Model
In the structure of the skateboard chassis, the transmission and clutch are eliminated, and an electric drive system is arranged on the front and rear axles, with power transmission provided by the electric drive. In terms of battery arrangement, the battery module is the largest and therefore needs to be positioned through rational design.
After preliminary modularisation based on the structural characteristics of the skateboard chassis, a detailed chassis modularisation design can be carried out based on the general chassis structural arrangement of a light commercial vehicle. The front-end module mainly includes the collision-absorbing structure that protects the safety of the vehicle in positive collision, the front axle structure that transmits the input force of the suspension system, and the transition structure that connects the modules; the integrated battery chassis module mainly includes the integrated battery box structure that serves as both the battery box and the chassis body structure, and the collision-absorbing structure that protects the safety of the side collision; and the rear-end module is similar to the front-end module in terms of the arrangement.
3.2 Simulation and Analysis
In order to fully assess the safety performance of the skateboard chassis in a collision, two collision scenarios will be set up for the crash simulation test. The first is a 50% frontal collision, where a moving vehicle is tested against a moving obstacle, with both sides of the collision travelling at 50 km/h. The second is a side collision, which represents a deformable obstacle propelled towards the side of the test vehicle at a speed of 55 km/h.
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Fig. 4 Crash Conditions
In addition, special safety performance analyses are carried out on the battery module, and modal, strength, random vibration, extrusion and other conditions are analysed in accordance with the structural safety requirements of the battery pack.
In the modal analysis, the resonance of the battery box with the electric vehicle at each order of the intrinsic frequency is mainly caused by the excitation of the drive motor and the excitation of the road surface unevenness. For the excitation of the motor, most of the motors work at an excitation frequency lower than 25 H. For the excitation caused by the uneven road surface, it is related to the vehicle speed and road conditions, and the formula for calculating the road surface excitation frequency is as follows:
                              (1)
Where, represents the maximum speed of the vehicle; represents the wavelength of the road surface unevenness.
At the same time, the whole frame is analysed, including modal, strength, stiffness, and other aspects.
For the strength assessment, six sub-conditions will be set up, namely 2G Vertical; 0.5G Left Turning; 0.5G Right Turning; 2G Left Torsion; 2G Right Torsion; 0.8G Forward Braking.
Vehicle bending stiffness refers to the ability of the vehicle to resist bending deformation when bending due to uneven road surface and vertical load during driving. The higher the bending stiffness of a vehicle, the smaller the deformation of the body in a turn or when driving on an uneven road surface, the better the handling and stability of the vehicle; in addition, a higher bending stiffness can also improve the load carrying capacity of the body and increase the safety of the vehicle. The bending stiffness can be calculated as follows：
As shown in Fig. 5, the joints between the vehicle suspension and the chassis skeleton (or body skeleton) are first constrained, i.e., the left front joint is constrained to have translational degrees of freedom in the Y and Z directions, the right front joint is constrained to have a translational degree of freedom in the Z direction, the left rear joint is constrained to have a translational degree of freedom in the X, Y, Z directions, and the right rear joint is constrained to have a translational degree of freedom in the X, Z directions. Subsequently, a uniform load of 1000N is applied to the nodes in a certain area of the beam on both sides of the vehicle. After solving, the stiffness of each node is calculated as follows:
                           (2)
Where  represents the -th node,  represents the number of selected nodes,  represents the bending stiffness at the -th point,  represents the mean distribution force at the -th point, and  represents the Z-direction displacement at the -th point. By summing up the displacements of each node, the bending stiffness curve of the vehicle can be obtained, which reflects the bending capacity of the vehicle more intuitively.
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[bookmark: _Ref163975763]Fig. 5 Sketch of bending stiffness working condition setting
Vehicle torsional stiffness refers to the ability of a vehicle to resist torsional deformation when driving due to uneven road surfaces and turning and other factors. A large torsional stiffness of a vehicle can reduce the torsional deformation of the vehicle during cornering and prevent the vehicle from going out of control; moreover, the larger the torsional stiffness of the vehicle, the more stable the suspension system will be in the process of travelling, and the better it can absorb the bumps and vibrations of the road surface.
The torsional stiffness can be calculated according to the following procedure:
As shown in Fig. 5.5, the connection points of the vehicle suspension and chassis frame (or body frame) are firstly constrained as in the case of bending stiffness, with translational freedom in the X, Y and Z directions at the left rear connection point, and translational freedom in the X and Z directions at the right rear connection point. Subsequently, MPC constraints are set at the left and right attachment points of the front suspension of the vehicle, and a moment of 2000 N*m is applied. After the solution, the torsional stiffness is calculated as follows:
                            (3)
Where  represents the torsional stiffness;  represents the applied moment;  represents the torsional angle;  represents the Z-direction displacement of observation point C,  represents the Z-direction displacement of observation point D, and  represents the distance between observation points C and D.
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Fig. 6 Torsional Stiffness Working Condition Setting Sketch
3.3 Optimisation methods
In this paper, a OptiStruct solver is used for structural optimisation. It not only integrates linear and nonlinear simulation functions such as static and dynamic OptiStruct mechanics, but also has a very powerful optimisation module, which includes topology optimisation, size optimisation, shape optimisation, freeform optimisation and morphology optimisation, etc. Among them, topology optimisation is mainly used in the conceptual design stage. Topology optimisation is mainly used in the conceptual design stage, shape optimisation is mainly used in the basic design stage, and size optimisation is widely used in the detailed design of specific parameters.
4. Evaluation
There are some limitations to this study:
1. In designing the skateboard chassis, this study focuses on the battery as an important module and evaluates its safety performance. The skateboard chassis consists of three modules: the front end, the rear end and the battery. Since the skateboard chassis is a highly integrated automotive chassis, the three modules are closely linked to each other, and the overall safety performance is jointly determined by the three modules. The scope of the current study does not include the evaluation of the safety performance of the front-end and rear-end modules, and therefore may not be able to fully analyse the overall safety performance of the skateboard chassis. Future research should study each module of the chassis, so that a comprehensive and standardised safety and stability analysis of the whole can be conducted.
2. In the crash simulation modelling using finite elements, only two different crash scenarios are designed, which is totally insufficient for the assessment of the safety performance of the car. In real life, the car may be impacted by multiple directions at the same time, and at the same time, factors such as ambient temperature and air humidity can affect the battery module or even cause failure. In further research, the destructive factors that the car may receive in real life should be comprehensively considered to ensure the safety of the battery module of the skateboard chassis.
3. When analysing the safety performance of battery modules individually, this paper only considers four working conditions: modal, strength, random vibration and extrusion. This is not comprehensive. In future research, mechanical impact conditions, fatigue endurance conditions, etc. should also be numerically analysed.
4. 
5. Time Table
The following is the timeline for this study, as shown in Table 1.
[bookmark: _Ref163977383]Table 1. Time schedule
	Time
	programme

	May
	Read papers

	June
	Build up model

	July
	Simulation and analysis

	Auguest
	Complete  dissertation
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