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1.0 Introduction

This report discusses the history of automotive chassis structures and how different technologies and designs have developed over the years to produce a myriad of vehicle structures. Current circumstances require the decline in usage of internal combustion engines, therefore shifting the vehicle chassis requirements and design objectives. All unique chassis types have different crash requirements, manufacturing technology and use their own materials.
Knowing the forces acting on the panels of a vehicle is important, an example of how to do this will be discussed in detail ranging from applying the simple structural surfaces (SSS) method to a van structure for shear load calculations can be made on each panel. The torsional load acting on the vehicle will be calculated and the consequences of removing a shear panel from the structure will be reviewed.
The example van used in this report is being tested by the SSS method to calculate the forces acting on the shear panels. 
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2.1 Vehicle Structures
Vehicle structures are constantly changing and developing as new technology is released and new regulations are put into place for the safety of the driver and other road users.
The first vehicle started out as wheel carts, designed for transport that were usually pulled by people or horses. Before the invention of the internal combustion engine (ICE), these carts were used for pretty much everything. A stronger chassis was not needed at this time because the horse carriages did not move fast enough to cause significant damage. With the development of the design of the horse carriages, a method of propelling the chassis was being developed as well. In 1672, a steam engine was created and used as a self-propelled vehicle. Therefore, the chassis of the vehicle needed to be developed as the increased speed a steam engine brought increased the risk of harm. In 1806, the first ICE vehicle was created. The design of the ICE was further developed and in 1885, the first ‘modern’ gasoline engine was developed. Even though the ICE was developed, the chassis had not been improved and needed comfort features for consumers.
 	With the publics increasing demand for ICE vehicles, companies were founded which varied the designs and developments of future chassis types. The cost of creating these vehicles was expensive, so the future developments of different companies was to reduce the cost of the vehicle while keeping the features that the consumers wanted like comfort and other accessories. (Unit History and Evolution of Automobiles, 2020)
The basic requirement for a vehicle structure is to maintain the shape of the vehicle while being able to support the many forces and loads that are applied to the vehicle. The design aim for developing a vehicle structure is to have adequate strength and stiffness qualities while keeping the mass of the vehicle as minimal as possible. Alongside this, the crash performance of the structure has been gaining more importance as the priority is to keep the driver and other road users safe. The restrictions and regulations are only increasing with the new technologies being developed. (SUT, n.d.)

2.2 Twin-tube Ladder Frame Chassis
This type of chassis consists of two tubes tat run in the driving direction of the vehicle. They have usually been manufactured out of steal tubes, but with the developments of technology and materials, composite materials and carbon tubes have recently bee used. With each different chassis structure type, there are different advantages and disadvantages. In the case of the steel tube ladder frame chassis, the manufacturing process of this type is simplistic and cheap. However, the torsional stiffness of this this type is not always desirable. Due to this fact, these structures are mainly found in road vehicles. (Andersson et al., 2013)

2.3 Multi-Tubular Chassis
Multi-tubular chassis types are not commonly used as it incorporates more than two bearing beams. This provides less than desirable performance characteristics but offers a compromise between the space frame chassis and the twin tubular design by having adequate torsional stiffness and a low manufacturing cost. Although the torsional stiffness can be good, an increase in the diameter of the tubes is needed which increase the weight of the vehicle. (Andersson et al., 2013)

2.4 Space Frame Chassis
For the space frame chassis to work, the tubes have to be loaded in either torsion or compression. Generally, a triangulated design is used because of its strength qualities. This is where the tubes that make up the structure are connected at the end of the tubes and not one end of a tube connecting to the middle of another. To do this, welding is needed. This reduces the risk of tubes bending which is the main cause for loss of torsional rigidity. A space frame chassis is also challenging to manufacture, so a professional welder is needed to minimise the deformation when welding each tube together. Deformation occurs due to the high heat necessary for welding.
 	Commonly, steel composites are used to create this type of structure. The different composites have their own unique strength qualities and prices which the manufacturer of the structure will have to test to see which performs better for the vehicle. Other than steel, carbon fibre reinforced tubes can be used for increased performance and reduced weight, but they need to be attached together differently. (Skarka, Pabian and Sosnowski, 2019) (Andersson et al., 2013)

2.5 Monocoque Chassis
This chassis only consists of one piece which dictates the overall shape and design of the vehicle. These types of structures were mainly used in the 1930s in the construction of aircrafts. The implementation of this chassis types started to become prevalent in the 1960s when racing cars used this design because of the increased torsional stiffness of the structure due to its cylindrically formed construction. [Formula1-dictionary, 2013] This chassis is also useful for the ever-increasing crash requirements as it provides most of the structural support which absorbs all of the forces and loads that the vehicle will experience. Different materials can be used for the manufacturing of this chassis design such as, carbon fibre which is a very light weight material and depending on the resin used can provide desirable strength and torsional stiffness qualities. The monocoque chassis is widely used because it can be light weight, the torsional rigidity of the structure is very desirable and the safety factors that are inherently included. The ability to use a wide range of materials is also sought after with the development of new materials and composites such as, fibre glass and aluminium. Although there are many advantages of using this type of chassis structure, there are downfalls as they are challenging to design and they come with an expensive price tag.
	The force requirements for the materials for a monocoque are completely different to the space frame chassis. Commonly used in racing, carbon fibre is placed on either side of a material, the carbon fibre carries the mechanical load while the core material increases the bending stiffness. This results in a very strong plate with high strength qualities while staying relatively low weight. (Skarka, Pabian and Sosnowski, 2019) (Andersson et al., 2013)
	

2.6 Hybrid Monocoque Space Frame Chassis
This design is widely used in racing as it is a combination of the monocoque and space frame chassis. The combination of the lightweight properties of the monocoque with the increased torsional rigidity and the space frames simplistic design and ease of manufacturing form a unique structure that has a lot of good qualities. This design is used for rear engine vehicles as the open space frame design gives increased access to the engine and the components at the rear of the vehicle. The monocoque front has a safety factor that is desirable for crash requirements. The downsides of this type of structure is the complexity to combine the two sections and the ability to predict the load paths between the two sections. (Andersson et al., 2013)
Although the chassis structure types mentioned are widely used for ICE road vehicles, current circumstances demand the decrease in the use of ICE vehicles, thus an increase in hybrid and electric vehicles is prevalent. Chassis structures will have to change, but how much they will have to change is unknown. As different structures were made in the past, small alterations were made to comply to regulations and the vehicles needs. History is likely to repeat itself, where alterations are made to already existing designs to formulate a new design where the ICE is not a limiting factor to the design.

2.7 Body-in-White-Design and SSS
Designing a chassis begins with forming a concept design. To create this design, generally software’s are used, such as SolidWorks or others that have advanced computer aided design. Designing different chassis’ using software’s has been used for many years as it drastically decreases the time it takes to create a concept design, working together with the software, a structural analysis software can run and determine the strengths and weaknesses of the chosen design. The fallback by using this method to deign a chassis is that if the structural analysis data is undesirable, the model needs to be modified and changed. In developing a strong chassis, this will occur multiple times until the desired chassis is achieved, this increases the development time and does not fit the demands of todays reduced development times.
 	The simple structural surfaces method (SSS method) is generally used to cut development times down as it can be used during other analysis software’s such as FEA testing. The function of the SSS method is to assist in the conceptual designing phase of creating a chassis. While using this method for vehicle that have flat surfaces likes vans and trucks, implementation of the SSS method onto modern vehicles, that are designed to be aerodynamic and stylish, is still viable as the structures behind the curved panels can be approximated. For the SSS method to work, the vehicle surfaces must be in equilibrium by the forces acting on the vehicle. The forces come from component weight that is supported by chassis members that connect to either side of the vehicle. This method of designing a chassis can quickly determine the integrity of the structure and if there are enough supports or if the design is flawed. (Motor Vehicle Structures: Concepts and Fundamentals, 2002)

2.8 Manufacturing Processes
The automobile manufacturing process generally consists of either four or five steps. Depending on the type of chassis in question these steps include the pressing of the material, typically where aluminium or steel is pressed into panels to be sent over to a body shop so the panels can be assembled and all of the non-moving parts are attached to the vehicle shell. All necessary welding is done and anti-rust methods are applied to the metal work. After the body shop, the vehicle shell is transferred to a paint shop for a primer layer to be applied and then the chosen colour for the vehicle. The assembly plant comes next, trimming of panels where needed is taken place. This part of the manufacturing process is usually just cosmetic but features like the interior trims and seats are also installed. Simultaneously as these processes are occurring, the manufacturing of the engine and powertrain is taking place where forging and mechanical testing takes place before the parts are sent to the assembly line to be installed into the vehicle.
	There are many processes to manufacture a chassis, including injection moulding, casting, welding and pressure moulding. These methods have been developed and improved upon over the many years different companies have been using them to make their vehicles. (Thomas and Kandaswamy, 2015)

2.9 Crash Requirements
According to EU legislation, frontal and side impact crash tests are mandatory for occupant safety, sub-system testing for the safety of pedestrians and requirements for anti-locking brakes. The test is to replicate real scenarios involved in a crash paying particulate attention to the speeds on impacts. Crash protection requirements dictate that the occupants in the vehicle must stay in the vehicle in the event of a crash, the passenger compartment must not collapse, the impact forces must be reduced by means that could include an impact attenuator and the control of the deceleration of the vehicle. With these measures introduced, if an occupant is not restrained in the vehicle by the means of a seatbelt, there is a reduced risk of fatal injury, if the design of the inside of the vehicle is not adequate, the test will show this and thus also demonstrating if the structure is strong enough. (Vehicle Safety -2, 2018)


[bookmark: _Toc69829265]3.0 Analysis

[bookmark: _Toc69829266][image: ]3.1 Calculations[bookmark: _Toc69829241]Figure 1 : Representation of Van in Torsion


	Symbols
	Values/Units

	w
	2 m

	
	2m

	
	1m

	
	2 m

	 + 
	3 m

	
	1 m

	
	3 m

	Overall Weight (W)
	3000 kg

	Weight Distribution
	50:50

	
	5 m

	
	5 m

	Alpha
	45

	 = 
	5000 N

	T
	Tortional Load (Nm)

	
	Shear Stress (N/

	F
	Force (N)

	A
	Area (m)


	
	

(Kelvin Lake, 2021)
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Table 1 : Vehicle and Panel Data needed for calculations.
All calculations reference Figure : 1 and use the values from Table : 1 or from values calculated using the equations below.
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[bookmark: _Toc69829251]Equation 4 : Q1 Calculation (Kelvin Lake, 2021)
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 	Panels 4 - 10
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 	 	Panels 1, 3

[bookmark: _Toc69829258]Equation 11 : Complex Stress Theory Equation (Kelvin Lake, 2021)
	Only loaded in shear 

[bookmark: _Toc69829259]Equation 12 : Simplified Complex Stress Theory Equation (Kelvin Lake, 2021)
The results from the calculations above can be found in the appendix, accompanied by the panels ordered according to their magnitudes. 
If panel 5 in Figure : 2 were to be removed, this would cause a complete break down in the structural integrity of the panels. The exclusion of panel 5 causes a domino effect as such the  force to equal 0, resulting in the  force to equal 0 which also results in  equalling to 0. This implies that if a panel breaks, is removed or converted to where it is not acting as a shear panel anymore, the whole structure stops working and breaks down. The vehicle torque is then transferred through the floor of the vehicle and not the shear panels. Consequently, there are substantially increases in the stresses acting upon the shear panels that are not designed for and are not strong enough to support the loads.
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