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[bookmark: _Toc103535217]Introduction 
Throughut history I would argue there hasn’t been an invention more liberating for the human being than the automobile, allowing our race mobility on a global scale and enabling many opportunities. Whether it’s a development from the engineering perspective of the shared goal of developing this machine and making it more attainable and inclusive, or improving the reliability to further increase the opportunities available within an automobile. This report will highlight and evaluate the evolution of the automoble’s chassis system, this is a evolution that has progressed since the very first motor vehicle and will continue to be the foundation on which the automobile is built upon. It will highlight the change in focus of chassis design from an ability to withstand bending loads to adapting to torsional loading to allow for greater use of the ever developing powertrain. The age of the motor vehicle began in 1769 with French engineer Nicolas Joseph Cugnot with his three-wheeled steam powered vehicle. This was followed by James Watt’s “unworkable” steam powered vehicle in 1784 and again by Richard Trevithick in 1802 with his steam powered coach. A vehicle and subsequent business that thrived in England until 1865 when competition from railroads and strict anti-speed laws briught it to an end. (Gillespie, 1992). This would be a microcosm of a relasionship of development and regulations that would be present throughout the development of the automobile and its subsequent engineering makeup. Following the steam era of the automobile Gillespie goes on to reference the first gasoline powered automobile, a f=more familiar powertroain and one the is still used today was developed by the infamous German engineers Karl Benz and Golttlieb Daimler, working independently in 1886. 



Chassis Types
Horse-drawn Carriages
From the inception of the motor vehicle the chasis frame up until the 1920s was that of a wooden structure reminiscent of the horse and carriage that would still be present on the roads at the time. This is highlighted by (Hiller, 2002) motor vehivcles were developed from horse drawn carrages and were originally called “hrose-less carriages”, owing their form and shape to that of the animal powered wooden carriges. Typically the chassis would have two open c sections with lateral bracing resembling that of a ladder, as a result this chassis type adopted the appropriate name “ladder chassis frame”. Initially the vehicle dynamics and vibrations would be transmitted directly through the wooden material from which the carriage was built from. As a result this would inheritly limit the speed capabilities of this carriage if comfort was to be pursued since the harshness and vibrations were largely transmitted to the cabin with little dampnening from the material. However as the vehicle evolved the carriage did start to incoprate an early iteration of the leaf springs which would later feature on autombiles. Thus another common feature and piece of engineering shared between carriages and the later “horse-less carriages”. 
Start of the Motor Vehicle Age
The dawn of the motor vehicle was in 1769 with French engineer Nicolous Cugnoet whom built a three-wheeled steam-driven motor vehicle. The purpose of this vehicle initially was to pull artilary pieces. This vehicle was further developed for a few years before it marked the first motor vehicle crash when it collided with a wall (Gillespie, 1992). This first crash and the lack of recoverablility showed the need for crash worthiness even at the inception of the motor vehicle. the steam powered theme was consistent throughout the 18th century with infamous engineer James Watt building his own steam powered vehicle in 1780 which proved to be unworkable. By the turn of the century, in 1802,the first steam powered passenger vehicle was created by Englishman Richard Trevithick. While the steam coach business being a great success through the 19th Century until competition from the railroads and anti speed laws came in, the coach built by Trvithivk burned down after the Englishman forgot to extinguish the boiler fire. Again, another engineering distaster that would spark more innovation regarding control over ignition, fire retardability and userability of the motor vehicle (Gillespie, 1992)
Since the introduction of the motor vehicle, the objective has always been to make them faster and more efficient, with this common goal development of the vehicles ability to handle the resistive and dynamic forces that come with an increase in acceleration, deceleration, weight transfer and velocity, an important step is the development of the chassis structure.

As the 19th century past the demand automobules was rising exponentially, therefore, vehicle manufactures had to consider mass production at the turn of the 20th century. This had become well established by the 1920s, the standard car configuration for the time was a separate ‘body on chassis’ contruction (Brown & Serpento, 2002). This had some advantages, such as manufacturing flexibility, with different bodies sharing the same chassis. Therefore manufacturing speed was significant and production could meet the rising demand. 

Ladder Frame Chassis
During the ‘body-n-chassis’ construction, the chassis frames were constructed with two open section sideframes running the length of the vehivle, connected together with wooden cross members as shown in figure 2.1 below.
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Figure ‎2.1 - Ladder Frame Chassis (Serpento, 2002)
To understand the ladder chassis construction choice ath the time, a mention of the driving styles of the time is necessary. During the early 20th century, the roads were too poor to travel at great speeds around corners. Therefore, the typically vehicle loading would come in the form of bending moment, of which the ladder chassis was acceptable. However, due to the previously mentioned poor roads, there was torsional loading occurring due to the harshness of road surface. This is where the weakness of the first ladder fram iteration was exposed, since the rivetted T-joints were poor at trasnfering torsional load throughout the chassis structure (Serpento, 2002).
Another limitation of the body-on-chassis construction was the lack of understanding at the time of loading through the body. Since during construction, it was believed that there is no loading through the vehicle body, considerations that the body and chassis would then act as torsion springs in parallel weren’t made. As a result, the body would show symptoms of this problem via speaking, rattling and cracking at certain points. 
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Figure ‎2.2 - Springs in Parallel (Serpento, 2002)
The figure 2.2 above shows the construction of body-on-chassis and the load paths. Therefore, in the case of a flexible body on a relatively stiff chassis, the loading would go through the chassis which would be more desirable. However, conversely if the body were stiff it would carry the vehicle loading, extremely undesirable.
As the 1920s progressed, this problem was overcomed by manufactures intentionally making vehicle bodies flexible to avoid loading through said body, particularly in moments of torsion. While there was a need for chassis development to overcome this limitation of body-on-chassis construction, there was a greater need for a growth in construction due to the motor vehicle boom. 

Backbone Structure
Made famous by the OEM Manufacturer Lotus, this chassis structure is based around large tubing, from which triangulation can e achieved for greater rigidity as well as, some stiffness being provided by the bosy, often a glass reinforced plastic. Thus making this chassis type a ‘separate chassis fram’ and not a uniformal body in white.
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Figure ‎2.3 - BackBone Chassis Structure (Magna Int, 2023)

Triangulated Tubular Structure
The triangu;lation of the tubing within a chassis that van be added to the previous;y mentioned backbone structure can also be a chassis structure type in its own right. Often used by sports car manufacturers Caterim, the triangulated tubing can be seen in this manufacturers case to surround the vehicle body. Furthermore, this tubing approach often sees the transmission and power units ‘boxed in; by the tubing. Only interrupting this ‘closed box’ to gain access to the cockpit.
This approach to the chassis structure suits manufacturers of this type due to the low tooling cost, being more labour intensive to produce, therefore a manufacturer producing low volume eith a relatively high price point would make this approach viable.
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Figure ‎2.4 - Caterham tubular chassis structure (Caterim, 2016)
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Figure ‎2.5 - FEA of Caterham Structure (Ingram, 2016)

Incorportation of the Roll Cage into Structure (TVR)
Through the development of tubular structure and adjacently the roll cae to impriove stiffness and safety of performance and track vehicle, the incorporation of the two is was the next logical step. Often used by British manufacturer TVR, this uses the roll cage to extend the tubular structure to encompass the while body. The glaring advantage to this approach is the enclosed cross-sectional area of the chassis is large, as a result, the torsional stiffness is large.
[image: TVR Griffith iStream Carbon - YouTube]
Figure ‎2.6 - TVR Griffith Chassis Structure (TVR, 2017)

Pure Monocoque
The logical conclusion of the ‘closed box’ development is that of the monocoque. Use of this chassis type is resrivted only to race vehicles, it requires a totally closed tube with limited ingress/egress as well as 360 degree visibility. It is composed of a stressed skin spanning across the body and the chassis, as well as this, it is very weight efficient. However, due to its composition and application it requires reinforcements, at the suspensions points for example, to overcome buckling and out of plane loading. 
Typical Formula One monocoques have torsional stiffness capabilities of 30,000+ Nm/deg due to the carbon fibre composite sandwich material and utilisation of the engine and gearbox as stress members.
[image: Red RC » D-Drive Sports F103 Monocoque chassis]
Figure ‎2.7 - F103 Monocoque Chassis (D-Drive Sports, 2009)

Perimeter Space Frame ‘Bird Cage’
One of the earliest iterations of the ‘integral body’ which is commonly used today in mass produced road vehicoes, this comprises of small section tubular structures built into stiff jointed ‘ring-beam’ bays. The nodes within this welded structure must be stiff in bending, furthermore, when skin panels are added to the tubular structure a considerable increase in torsional rigidity is achieved. Thus creating an integral body to the chassis.
[image: Roll Cage Tube Sizes : MSA Bluebook Section K]
Figure ‎2.8 - Space Frame 'Bird Cage' Chassis (Performance Metals, 2022)

Integral or unitary body structure
A wisdely used modern car structure, this chassis type os constructed using spressed steel sheet metal body that is spot welded to the chassis. Due to this manufacturing process it is well suited to mass production, this being the result of its popularity amongst OEM Manufacturers of road vehicles. Since the body is self supporting in nature, the separate chassis is not needed. This body type dates back as far as the Citreon ICV	, 1934-1956.
AN example of the permance gains of this chassis type is the Hilman 10 HP (1938-1939):
· 1938 – Body on Chassis (torsional stiffness =934 Nm/deg)
· 1939 – Integral Construction (torsional stiffness = 3390 Nm/deg)


Body In White (BIW)
This structure being the most commonly used on mass produced road vehicles combines the cincepts of the birdcage and monocoque structures in which the body frames form a closed box. The surfaces of the box being the roof, floor and bulkhead sills. This parks being composed of pressed steel and spot welded together like the previously mentioned unibody structure, it has oben bay rings similar to the birdcage structure located at the side frame and the windshield frame. The members formed by this pressed/stamped steel are:
· Independent,
· B pillar for example
· Part of a larger panel,
· Vehicle tunnel
· Or attached to panels by spot welding
· Eg, floor cross members
Current trends for BIWs are
· Hydroforming - to generate advantageous material properties as well as increase production speed.
· Laser Welding – to produce cleaner and strionger welds
· Adhesives – an alternative approach to binding materials for gains in manufacturing costs, performance and efficiency
· Alternative materials – to achieve a reduction in weight as well as an increase in stiffness

Typical torsional values found in BIWs:
· Typical Road Vehicle = 8000 – 10000 Nm/deg
· Luxury Road Vehicle = 12000 – 15000 Nm/deg


SSS Analysis
[image: A screenshot of a computer

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated]

[image: A screenshot of a computer

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated]

[image: A screenshot of a computer

Description automatically generated]
[image: A screenshot of a computer

Description automatically generated]

[bookmark: _Toc103535222]Reference List
Backbone Chassis Structure - https://www.magna.com/products/body-exteriors-structures/body-structures
NewCarNet - https://www.newcarnet.co.uk/news-articles/2016/3/31/new-lightweight-tubular-chassis-for-caterham
Ingram, 2016 - https://www.evo.co.uk/caterham/7/17572/caterham-tries-bicycle-chassis-tech-to-shave-weight-from-seven
TVR, 2017 - https://www.youtube.com/watch?v=URzSrI-3_PY
D-Drive Sports - https://www.redrc.net/2009/03/d-drive-sports-f103-monocoque-chassis/


2

image3.png
Torque

Body stiffness  Kgopy

VAN

AN

Chassis frame stifiness  Keyassis

Torque




image4.png
G backbone chassis structure - Gor X g\ Body Structures - lightweight ste X = 4 = X

C @ magna.com/products/body-exteriors-structures/body-structures G *x ¢ *»00@ :

[ ResearchGate Hargreaves Foundr.. @ Euro NCAP Applicat.. & ACHAS013 - Autom... httpsy//chatopenai... & Library and Leamin.. FI 2014Fall-BS-Thesis-.. & Designing of Formu.. R (PDF) Design Optim...

steel & aluminum body-in-white solutions including battery trays, and

H
components, and assembly fully-assembled body-in-white modules.

Creating the Structural
Backbone of the Vehicle

In-house Expertise for all Product and Process
Areas

Underneath the exterior panels of every vehicle resides its structural
backbone, including complex assemblies such as frame rails, floor
pans, upper body pillars and body side structures. Through the
innovative use of advanced high strength materials and manufacturing
processes, Magna continues to develop body structure solutions that
meet or exceed customer specifications for weight and crash
performance. Most recently, Magna has pioneered the use of thin wall
aluminum castings for body structure applications.

ENG 1712
H L Type here to search ﬂ Top Events ) uk 1570772023




image5.jpeg




image6.png




image7.jpeg




image8.jpeg




image9.png




image10.png
0 | @ WhatcanthenewBingchatdo? X | [B ACHAS013.2223 CW_GA36b-Le. X | 4

G @ File | C/Users/bledd/OneDrive%20-%20University%200f%20Wales%20Trinity%20Saint%20David/Documents/Uni%20Assignments/Level%205... @ 7 [0 ¢ B

Y v ¥ Daw v @

Read aloud - + = a4 |of11 | )| (D Q| @

TIEUIOU 10 BSSESS NS SUUGIUNE SO WAL YOU Al NG e STISAr U80S O 4G Paner (110 Wo)
given the following information;

w=2.1m
h=2.5m
hz=1m
l=2m
#+;=3.5m
L=1m
Overall weight = 3500kg
Weight distribution = 50:50
t=15m
t=15m
alpha=45°
R=R=5kN
Page3of 11

2

1 e R0

+

Bu} |
X“ |l

Figure 2 - Representation of a van in torsion

3. Orderand discuss the 10 surfaces considered in task 2 according to the magnitude of the shear o
loads that they carry. Discuss the implications, if this vehicle were to have an electric

powertrain such that the battery could be interchanged, meaning that the join between the rear

panel and the floor (panels 5 and 8) is compromised to allow access to the battery =

compartment which is under the floor. ~

ENG 2124

UK 16/07/2023

C Partly sunny





image11.png
QA r *

Foundr.. @ Euro NCAP tom. https://chat.openai.. d Learnin, a h ning of Formu... R (PDF) Design Optim.

be calculated 177 - 2% + | 3O + &

ENG 2129 oI
UK 16/07/2023

W 16°C Partlysumny A o T = 7z @)




image12.png
@ be calculated x +

C @ File | C/Users/bledd/Downloads/be%20calculated.pdf

Hargreaves Foundr... @) Euro NCAP cat.. @ ACHA5013 - Autom.

be calculated

ENG 2130 oI
UK 16/07/2023

16°C Partlysunny A @x & = 7z )




image13.png
ownloads/b ated.pdf Q B *

Foundr.. @ Euro NCAP tom. https://chat.openai.. d Learnin, a h ning of Formu... R (PDF) Design Optim.

be calculated 377 - 2% + | 3O + &

ENG 2130 oI
UK 16/07/2023

W 16°C Partlysumny A o T = 7z @)




image14.png
@ be calculated x +

C @ File | C/Users/bledd/Downloads/be%20calculated.pdf

[§§ Hargreaves Foundr.. @ Euro NCAP Applicat.. § ACHA5013 - Autom. h chatopenai... & Library and Learnin.. FIU 2014Fall-BS-The:

be calculated 477 - 2% + | 3O + &

ENG 2131 oI
UK 16/07/2023

16°C Partlysunny A ox © @® Z o)




image15.png
@ be calculated x +

C @ File | C/Users/bledd/Downloads/be%20calculated.pdf

ResearchGate n ACHAS013 5) nttpsy//chatopenai... & Libr. esign f Formu...

=  becalculated

ENG 2131 oI
UK 16/07/2023

16°C Partlysunny A @x & = 7z )

L Type here to search




image16.png
QA r *

Foundr.. @ Euro NCAP tom. https://chat.openai.. d Learnin, a h ning of Formu... R (PDF) Design Optim.

be calculated 6 /7 - 2% + | 3O + &

ENG 2132 oI
UK 16/07/2023

W 16°C Partlysumny A o T = 7z @)




image17.png
QA r *

Foundr.. @ Euro NCAP tom. https://chat.openai.. d Learnin, a h ning of Formu... R (PDF) Design Optim.

be calculated 777 - 2% + | 3O + &

ENG 2132 oI
UK 16/07/2023

@ W 16°C Partlysumny A o T = 7z @)




image1.png
#% ] nfysgol Cymru
N ¥ Drindod Dewi Sant
\* University of Wales
Trinity Saint David




image2.png
im} \ (3 1-—-Introduction 2001 Motor-Ve X = [ 3---Terminology-and-overview-

G @ File | C/Users/bledd/AppData/Local/Temp/T... g

Set Microsoft Edge as your default browser
Microsoft Edge helps keep you safer online with built-in tools that prot...

Notnow

Q

Figure 3.2 Open section ladder frame chassis of the 19205 (courtesy of Vaushall Archive Centre).
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(a) Bending about the in-plane lateral axis of the member.
(b) Torsion about the longitudinal axis of the member in the plane of the frame.
(c) Shear force in a direction normal to the plane of the frame.
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dynamic forces that come with an increase in acceleration, deceleration, weight transfer and

velocity, an important step is the development of the chassis structure.

As the 19 century past the demand automobules was rising exponentially, therefore, vehicle
manufactures had to consider mass production at the turn of the 20 century. This had become well
established by the 1920s, the standard car configuration for the time was a separate ‘body on
chassis’ contruction (Brown & Serpento, 2002). This had some advantages, such as manufacturing
flexibility, with different bodies sharing the same chassis. Therefore manufacturing speed was

significant and production could meet the rising demand.

2.3 Ladder Frame Chassis
During the ‘body-n-chassis’ construction, the chassis frames were constructed with two open section

sideframes running the length of the vehivle, connected together with wooden cross members
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