		Andrew White



Contents
Contents	2
Introduction	3
Vehicle Structures	4
‘Body on Chassis’	4
Image 1	4
Backbone Structure	4
Triangulated Tube structure	5
Image 2	5
Monocoque Structure	5
Integral/Unitary body structure	5
Chassis structures for electric vehicles	6
Manufacturing of structures	6
SSS of a van in torsion	6
References	8




[bookmark: _Toc69854452]Introduction
The purpose of this report is to evaluate the different types of chassis structures that have been developed in the past and how they have evolved into the new structures that are used in vehicles today. Along with the design of the structures, the manufacturing processes used to create them and the materials they are made of will be assessed in their practicality and how they have altered over the years.  
The Simple Structural Surfaces (SSS) method will then be used to assess the structure of a van in torsion to calculate the shear loads of each panel of the van’s structure and the torsional load acting on the vehicle. 

A vehicle is made up of many essential parts, the structural components and the chassis are among these. As humans, we have a skeleton to hold the fundamental structure of our bodies, for vehicles it is the structural components and the chassis. The structural components form and supports the vehicle frame and protects the driver and passengers within the vehicle. The chassis, however, is the structure on which the vehicle is based on, supporting parts that make up the overall vehicle’s assembly. The chassis is central to the vehicle’s rigidity, strength and durability and so are designed to improve the vehicle’s performance and safety. (Gestamp.com, 2021) 


[bookmark: _Toc69854453]Vehicle Structures
Vehicles have been made up of many different types of structures in the past and have developed in different ways over the years, whether that is with the change of the types of structures created, or the materials used to build said structures, the safety and performance of vehicles have improved since the start of automobile production. 

[bookmark: _Toc69854454]‘Body on Chassis’
In the early years, the structure of the vehicle was known as ‘body on chassis’. This consisted of the body structure being attached to the separate strong and rigid vehicle frame, or chassis. It was to this chassis that the powertrain, suspension and other vehicle components were attached to. These early chassis consisted of two long beams which were connected by another two smaller beams, resembling the assembly of a ladder, hence the chassis was known as ladder frame. At that time, technology was not that advanced and so this structure meant that they were easy, cheap and quick to manufacture. It was easy to fit other components to and was quite tough but it had a weak torsional rigidity which worsens its performance round corners. It was also quite heavy but that means that it is still used in heavy vehicles today such as lorries and pick-up trucks. (Rangam, 2020)
The ‘body on chassis’ structure also meant that it allowed some flexibility in manufacturing, such as, it meant that you could use the same chassis for a number or different body structures and could result in different manufacturers for the chassis and the body. 
Early on, body structures were made by carpenters who made a wooden body frame and enclosed it with fabric. This meant it had low stiffness and high flexibility. Over time the bodies became stiffer by adding steel cladding to the wooden frames and roofs to the vehicles. Eventually, the fabric skin was replaced by pressed steel panels which allowed for mass production to improve. This resulted in the bodies become stiffer, so, this meant that the chassis structures’ stiffness needed to improve also because of load transfer. This was achieved by ‘cruciform bracing’. This was a method of installing diagonal cross members in addition to the longitudinal and lateral members within the ladder frame structure. 
Later, manufacturers realised that by integrating the body and chassis parts more it meant that the torsional and bending stiffness were improved. And as time went on, the improvement in suspension systems meant that the body stiffness was going to be essential due to the increase in load transfer. Also, the demand for vehicles was increasing exponentially as so mass production was required. 
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[bookmark: _Toc69854455]Image 1 – Ladder frame chassis with diagonal cross-bracing and lightening holes (Autocar Handbook, 1935)

[bookmark: _Toc69854456]Backbone Structure
Like the ladder frame structure, the backbone structure gets its name from how it looks. It consists of connecting the front and rear suspension by rectangular tube down the middle of the chassis structure. The tube covers the drivetrain which can offer protection. It offered better torsional rigidity than the ladder frame but was more expensive to manufacture. (Rangam, 2020)
 This structure was common in sports cars and the body and chassis was still separate. The body offered some stiffness and was made of fiberglass. 
[bookmark: _Toc69854457]Triangulated Tube structure
More recently, the triangulated tube structure was produced. This is similar to the backbone structure but differs in the way that it surrounds all the components and the outside of the body. This means that the body no longer needs the to create support for stiffness as it connects directly into the chassis structure, they can just be panels to provide added protection for the internal components and driver. This structure offers a very good weight to rigidity ratio as it means the vehicle is very lightweight but strong. This makes it a viable option for race or sports cars due to it improving performance. However, this structure is complex and time-consuming to produce so they cannot be mass-produced and so are suited to low-volume productions of vehicles. 

[image: ]         

[bookmark: _Toc69854458]Image 2 – tubular structure used in a Caterham sports car (Caterham CSR chassis, n.d.)

Similarly, a structure was made to incorporate the roll cage of a vehicle into the chassis. It uses the roll cage to extend the tubular structure to encompass the entire body, this again improves the torsional stiffness due to the large cross-sectional area. 
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A Monocoque structure was first used in boats and aeroplanes. The structure is comprised of a stressed skin to make the body and the cassis which endures the tension and torsional loads. It is not common for a pure monocoque structure to be present in road vehicles but it is in race vehicles as it is very weight efficient. Lotus were the first to use an aluminium monocoque structure in their F1 car but was later improved on by McLaren you made one from carbon fibre.  

[bookmark: _Toc69854460]Integral/Unitary body structure
This structure is the most commonly used modern car structure. It consists of a spot welded, steel sheet body where the body structure is self-supporting so there is no need to a separate chassis structure in addition to it. It is essentially a mixture of a monocoque structure and a ‘space frame’ structure. Where the roof, floor and side and windshield frames make up an enclosed box structure, the monocoque, with external beam members for the bonnet area, which is the space frame structure. It is easily mass produced and so it is common in modern road vehicles and has a good torsional rigidity. 

[bookmark: _Toc69854461]Chassis structures for electric vehicles       
Electric vehicles will certainly be a big part of the future of the industry. A chassis has been created where the batteries for the vehicle are housed within a flat chassis structure and the drivetrain components are within its wheels. So, its looking like it is back to body on chassis structures for EVs which leaves flexibility for the design of the vehicle’s body. It is being produced by a company called REE Automotive and gives endless possibilities for the design of the rest of the vehicles structure due to the compact design of the chassis. (Ford, 2020)

[bookmark: _Toc69854462]Manufacturing of structures
Taking the unitary body structure as an example, it originally used stamped sheet steel and uses spot welding to join the sheet panels together and to join with other members of the structure. The spot welding was enabling the use of robots for the mass production of the unibody structures by joining the sheet panels as it is a quick and easy process. The members are made from folded sheet panels.

Processes that are starting to be seen in the production of these structures include hydroforming. This is when large amounts of pressure are forced along a section to produce more complex shapes. Laser welded blanks is another process where tow thicknesses of plates are welded together to form a plate with varying thickness, so it can be thickness of material can be altered for where it is needed. Also, laser welding and adhesives are starting to be used in the place of spot welding to permit continuous points. This means that the transfer of loads will be more efficient than when spot welding is used as parts are only joined in certain places. 
Alternative materials are also now being used. Steel is most commonly used for structural components, but, aluminium is increasingly being used for the manufacture of these parts as it is lighter and stiffer than steel. Also, as mentioned before carbon fibre is also being used for some race car’s structural components as it is even lighter and stronger than aluminium and steel. Although it is much more expensive to use. Obviously, this has come a long way from the original materials and methods used for chassis and body structures for early autonomous vehicles that used wood and not as well developed steel. 

[bookmark: _Toc69854463]SSS of a van in torsion
w=2m
h1=2m
h2=1m 
l1=2m
l2+l3=3m
l4=1m
l5=3m
Overall weight=3000kg
Weight distribution=50:50
tf=1.5m
tr=1.5m
alpha=45 degrees
Rr=Rf=5kN=5000N

Mf=Mr







 














Looking at the shear loads calculated its clear that the side panels, surfaces 6 and 7, have the greatest shear loads acting on them. The the roof, surface 10, has the next highest, then the rear panel, surface 5, then the windscreen, surface 9, then the front panel, surface 4. 
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