[image: ]
University of Wales, Trinity St. David 
School of Engineering

Vehicle Structures:
Composite BIWs

Romylos Frangos

1802755

Automotive engineering

4 January 2022

Automotive Chassis Systems (ACHA5013)





1. Acknowledgments
I would like to express my gratitude to the lecturer of this module Mr K. Lake for his valuable and continuous support, cooperation and guidance in this module.












































2. Contents:
· Introduction
· Tasks
· 4.1
· 4.2
· 4.2.1	Crash requirements
· 4.2.2 Development in manufacturing technology 
· 4.2.3 Development in materials

· [bookmark: _GoBack]Results 













3. Introduction
To start with, this report aims to present analyse and evaluate the operation of  how various vehicle structures have historically developed, current usage of composites and how this may change if the vehicles in the near future are mostly using electric powertrains. Further below in this report, vehicle structures and their use of composite materials will be discussed and testing’s that were made in order to relate for crash requirements. In addition to that, developments in manufacturing technology and the development in the materials that today’s manufactures companies are using. 
Everything started back in the 1920s where the construction design that was used is known as a body on frame. The design was simple and basically was two thick steel beams braced together under a separate mounted body. Which was a simple design to use and easy to make, also it had other advantages like towing very heavy loads but also many disadvantages like lacking crumple zones which then can lead to severe injuries and even death fatalities in collisions. (Dan, 2014) Which was the main reason why it was discontinued for most manufactures companies (Clifford, 2012). That we could say was a milestone because the manufactures understood the assignment that to build a chassis it depends what the use of the car is. And that is how todays manufactures developed different chassis for different cars, for example there are various types of chassis to name a few; Ladder frame, Backbone tube, X frame, Space frame, unibody, Sub frame, which each one is used on different type of cars in order to help the car do what is supposed.  (Kartik, 2020)

In order to do that by the 1960s a different structure was developed for better stability and better comfort for the ride that was known as unibody construction which is one of the most common structure manufactures use today to build cars. Although what stated above there are some manufactures like TOYOTA which still body on frame structure chassis for the trucks and SUVs like the 4Runner, Land Cruiser, Lexus GX and many other vehicles. (O'Neill, 2020) Obviously they have developed the structure by far from what it was used back in the 1920s so it minimizing the disadvantages and maximizing the advantages like being able to withstand the twisting forces of off-road or uneven terrain better than unibody structure chassis; that is because the body on frame design is just two parts. (Danny and Hillel, 2021)

This evaluation should lead to a better understanding of car design history and how car designs think, using numerical analyses of specific cars, which act as exemplars. This report will be answering some basic questions, including when did specific designs appear, and why, when, and how quickly did the change? This report is not only for those interested in cars and their history, but also other researches, who could use analytical and constructivist processes, to develop their thinking and understanding of historical processes.



4. Tasks

4.1
Since the 1900’s vehicles have been in our society and from the 1960’s and later on vehicles have played a big role in modern society and motorsports. In this report though, as stated and above we will be turning our focus in the making of the cars that changed the lives of many like my own. Before the cars goes for production or even approved to go to production it is mandatory to go through some very realistic situations/tests that may occur during the driving part of the cars life. That was not always the case, in the 1900’s the people who made the cars did not think about crash worthiness or how safe the car was; well that was not a problem to be honest because the cars could not reach more than 10 miles per hour. But that was still fast enough that would cause some medium to serious injuries to the driver or the passengers if an accident occurred. The first ever crash test was performed in 1934 by General Motors. (AA, 2020) 
The first material that was used it was wood, and why not being wood the choice of the material in the early automobiles. It was well known for centuries that wagons and wheels carried by horses was the only way to move around. As in every occupation people were experimenting, so when horseless carriages were converted to auto buggies some cars were built differently using diverse materials. For example the Model T combined wood and metal. Furthermore, as the automobile develop, steel and aluminium panels were used to cover the wood-framed body. (George, 2017) 
Car bodies in the 1920s were built by carpenters (coach built), majority of the structure was open, it had very low stiffness and assumed to be non-load bearing, that mean that the only load that could carry was the self-weight the passengers and the payload. Stiff bodies were inadvertently built with steel lad and with rood; rattling between the chassis and body also squeaking and crackling with in the body were the main problems that appeared later on. Therefore fabric on wood bodies replaced by pressed steel to enable mass production, soften body and stiffen chassis was the answer. By the 1930s realisation that the body was stiffer in bending and torsion, the need for mass production took over the automobiles companies and so it started to improve the bodies of the car for the customers satisfaction at that time, suspension improved, greater body stiffness was essential. 
On the other hand there were some special cases of bodies that were only used in specific cars for specific reasons. For example the backbone structure was used on specialist sports cars like, the lotus and the TVR, that structure meant that the body had to be reinforced with plastic, but the separate chassis frame provides some stiffness. 
Figure 1:[image: ]

After the backbone structure, the incorporation of roll cage into structure was put to the test, and had a successful run that some cars even today use it for numerous reasons. In the contribution of the roll cage it depends on the degree of triangulation of the roll cage and the connections between the roll cage and the body. (Figure 2)
[image: ]Figure 2

Of course at the start it was difficult for the automakers to just abandon the frame and just produce cars in the new radical way. But after some years in 1928 the first mass producers attempted to fabricate a unibody also known as “Monocoque” [which comes from the Greek mono (single) and French conque meaning shell] (figure 2). The first mass-produced unibody car was in 1928 from DKW (known today as Audi). In the mean time frames and chassis continue to make progress in their own way, for example the X- frame which was introduced in 1957 in the body of Cadillac’s and Eldorado Brougham (figure 3) was now improved in roll-stiffness and for better handling and comfort.
During 1934 the integrated/unitary body structure appeared which is defined as a body or frame structure which the body is a single structure made from the floor, plan and chassis. Most widely used modern car structure, it is spot welded and one of the most recognizable about this structure is that its made from pressed steal sheet metal. Advantages are perfect for mass production and last the body is self is very supporting so a separated chassis is not needed.

 In figure 6 below there is an example of this body structure from a Citroen 11CV between 1934-1956.

[image: ] Figure 3


The pure Monocoque also known as the ‘closed box’ because of it its shape, is the most common/preferred structure today for mass production cars. The stressed skin is the body and the chassis, it is very weight efficient and also the use of this structured is restricted to race vehicles for the reasons that: 

· It requires a totally closed tube (ingress, visibility)
· Shell required reinforcement (to prevent buckling, out of plane loads, suspension points eg.)











4.2
	In this section of the report we will be focusing on relating the vehicle structure and their use of composite materials to the following requirements:
1. Crash requirements
2. Developments in manufacturing technology
3. Developments in materials
4.2.1
Since 1997 which was the year that the European New Car Assessment Programmer (EURONCAP) which was created by the Swedish Road Administration, the Federation International and International Consumer Research and Testing. Vehicles on the road since the EURONCAP was introduced have been getting safer every year, in addition to that the past decade electric vehicles have entered the market of automobile industry; most of the electric vehicles have scored a 5 star review on the EURO NCAP in terms of safety. That alone should state something for the future safety of cars. 
As stated and above in Task 1, the first ever vehicle crash test was performed in 1934 by General Motors. (AA, 2020). In that year General Motors would roll down the hill an unoccupied vehicle (the scenario was that the driver would have leap form the moving vehicle before the accident) which then would collide with some concrete construction.
 The tests have changed a lot since then, now there are certain crash requirements before the vehicle gets into mass production. From 1997-2009 the aim was just to improve car safety through an independent programme of whole vehicle crash tests and the publication of safety ‘star’ ratings for car buyer. Not only that but in the early years of the test the ratings were based only on two full scale crash test to cover the most common crashes. An offset with 40% overlap against a deformable barrier was the first test and the second one was, a side impact test with stationary car hit in the driver door at 30mph by barrier on a trolley (AA, 2019). But through slow progress EURO NCAP improved safety regulations.  In January of 2009 EURO NCAP launched a new rating scheme with a new overall rating that reflects the safety of adults and children in the car as well as pedestrians struck by the front of the car, thus making a 5 star rating still be achievable but were more of a challenge to get. In addition to that a new rear impact whiplash test was added as well as a safety assist in order to recognise the availability of advanced driver assistance like Electronic Stability Control. (AA, 2019). After the success of the Electronic Stability Control, in 2011 testing electronic stability control where the test involve a robot driver performing a fast swerve manoeuver at 50mph. In 2015 the full width test was introduced, which meant a full frontal impact against a barrier at just over 30mph with female dummies in the driver’s seat and rear seat. In addition to that in the year 2015 again, AEB pedestrian system was introduced to assess the performance of autonomous emergency braking (AEB) systems. One year after that in April of 2016, the same vehicle can have two star ratings meaning one for the base vehicle across the whole Europe and the second one for optional safety pack. In 2018 safety ratings include an assessment of Autonomous Emergency Braking systems that are able to detect cyclist and most of the times preventing a collusion. Furthermore in the same year introduced test to assess the performance of Adaptive Cruise Control and steering support needed. (AA, 2019)
   
4.2.2
 Developments in manufacturing technology
One of the biggest development in manufacturing is 3D printing, manufactures have been experimenting with new parts that are fabricated using industrial 3D printers. In addition to that some manufactures are using 3D printers to offer on demand part fabrication in order to make it easier for the manufacture to support parts for vehicles that the original model has gone out of production. 
We cannot deny that Electric power vehicles are in the main reason on why the developments are being made, on top of that one survey from manufacturing services company found that 48% of automakers are aiming to play a big role in the market in electric vehicles. (Nichols, Megan Ray, 2020). In addition to that, more intelligent design tools are playing a big role in the design and AI use. As automakers gather more data, intelligent approaches to manufacturing will become even more practical. New manufacturing tools are likely to have a major impact in the industry, so it may be typical to lean on generative design tools, 3D printing and digital twins to create designs for new vehicles. (Nichols, Megan Ray, 2020)

4.2.3
	Developments in materials
The main reason for using steel in the body structure is the good ability to absorb impact energy. That is why it was the first material to be used in order to build a vehicle structure, but aluminium, magnesium, copper, carbon fibres and plastics have been added in the main materials in the making of a modern day vehicle. (Ahsen, 2019). But we have seen that the use of copper has gone up since the use of electric vehicles, in the other hand titanium which is a bit more expensive material so most companies don’t like to use it since there are cheaper methods like aluminium and steel. In addition to that Lead is an excellent metal because of its weight that helps to balance which is why wheels are made mostly from lead aluminium and sometimes fiberglass, also the battery is made from lead in order not to heat up and maintain safe temperatures. Surprisingly there has been a rise in the use of glass currently, is used in back up cameras, navigations screens or even in TVs for the passengers. There have being application of famous automobiles manufactures that have been use glass for the whole dash of the driver and the passenger such as Mercedes and Tesla. (Mayco, 2019).
 Carbon fibre has been in the market for quite a few years but only recently we were able to see the full potential of carbon fibre, where it was applied inside the engine and used in the section of brakes but most importantly use it correctly in the body part.  (Blain, 2020) The first idea of a carbon piston rod was back in 2018 where AWA Composites had on display in Las Vegas where it was retailed for 180000 U.S. dollars (Carbonare, 2018). They have been appearing since then in the market and now some tuner shops are claiming that the carbon fibre piston rods can withstand 3000hp and will go up to 15000rpm. (Mark T, 2019)

5. Results

From the information that we get from the representation of a van in torsion, we can see that we are missing length 2 and length 4 so in order to apply the SSS method we need to calculate that first. After finding Q1to Q6 and the torque bent applied to the vehicle, furthermore, considering the vertical loads going into the vehicle and then calculating the torsional load being applied to the vehicle σ=1.712MPa.
If this vehicle were to be made from CFRP panels then the van obviously would have been lighter than the normal one, on the other hand carbon does not like to be bent around and twisted so that is where the carbon loses to steel and aluminium which are able to use with greater amount of torsional force, due to the high tensile and yield strength. 
On the other hand, in our case we have an implication of a faulty batch of adhesive which means that the join between the rear panel and the floor is compromised. That means that the shear torsion would be catastrophically as the roof and the floor are attached to each other if not done correctly then instead of giving you more resistance to torsion it results in an unexpected no tolerance at all to torsion because of the faulty implication.
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