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This report has been written investigate the different topics and challenges that go into creating and engineering a motorcycle in the current industry and how sustainable the vehicle is, for this report a motorcycle called the Suzuki Hayabusa was chosen as it’s known as one of the fastest production motorcycles in the world when it was released back in 1999.

[bookmark: _Toc131180789]Literature Review/Background/Research
[bookmark: _Toc131180790]Aerodynamics
Aerodynamics play a huge part in how a motorcycle is designed from very early on in the design stage the aerodynamics of a bike will change how the motorcycle looks as well as the way the motorcycle handles.
Aerodynamics falls under subtopics these subtopics are Aerodynamic Efficiency, Aerodynamic Balance, Aerodynamic Downforce and Aerodynamic Drag.
Aerodynamic efficiency is the ratio of drag to downforce.
Aerodynamic balance is the percentage of downforce being applied to either the front or the rear of the vehicle.
Aerodynamic downforce is the is negative lift that keeps the vehicle on the ground having high air pressure above and low pressure below.
Aerodynamic drag the resistive force that opposes the vehicle’s motion of travel.
The most common ways of finding out how motorcycle’s aerodynamics effect the motorcycle and the rider is either using a wind tunnel or designing a CAD model of the vehicle and running it through some simulation software to show of efficient the vehicle is a distributing the air flow around the body.
Wind tunnels have been used for many years in the automotive industry before the technological advances we have in today’s industry, wind tunnels work by using industrial sized fans that suck air over the vehicle, the vehicle is then placed on pressure plates to how much down force the vehicle has as well as what percentage of that downforce is being applied to front or rear of the vehicle. Smoke can also be added to the wind tunnel to show has the air passes over the body and what parts of the body spoils the air flow and creates drag.
The second way of knowing how a vehicle’s aerodynamic characteristics will be is the use of a simulation software called Computation Fluid Dynamics Software, when using this software a CAD model of the vehicle needs to made before it can be exported to the simulation software, once the model has been exported it can then be made into a Computational Fluid model, the software uses fluid dynamics, thermodynamics and conservation of momentum to calculate the velocity of the particles moving in or around the model as well as the temperature, pressure and vortices (air flow/fluids that spins when hitting the model). The results of software can also be changed in real time during a simulation making the process much quicker than redesigning a body in the real world and going back to a wind tunnel in person to gather new results.
When looking at the Suzuki Hayabusa it’s clear how much engineering when into the aerodynamics of the motorcycle as not a single piece of the body or fairing has a sharp or aggressive shape, with less sharp angles to the body the air is able to flow naturally around the bike with little drag resulting in the motorcycle’s characteristics looks and why it’s able to reach such high speeds.
[bookmark: _Toc131180791]  Powertrain
The way an engine is engineered and used in a motorcycle can drastically change the characteristics of the motorcycle for the rider with the main advantages of motorcycles having excellent power to weight ratio so it’s no good a having a large powerful engine in a motorcycle chassis as a heavy motorcycle has very undesirable handling characteristics at slow speeds. 
Some challenges when creating and choosing an engine for a motorcycle are the cylinder layout, the noise, the power delivery, the weight, the vibration and the economy of the engine all these will determine how well a motorcycle will sell once put on the market.
When trying to reach world record speeds in a competitive motorcycle market the way the powertrain of a motorcycle is engineered can be make or break situation. The Suzuki Hayabusa uses a liquid cooled, 4 stroke, inline 4-cylinder engine with Dual overhead Camshafts with 16 vales, making 175 HP at 9800rpm with 138Nm of torque at 7000rpm with size of the engine being 1298 cc and a top speed of 190mph.  (www.motorcyclespecs.co.za, 2015)
The way Suzuki was able to make such a fast motorcycle as by increasing the engine from 1000 cc to 1298 cc by increasing the combustion chamber of the engine it allows more air and fuel to be put into the cylinder it can then can be squashed on the compression stroke of the engine in turn making a bigger bang on the power stroke increasing the power output of the engine, the downside to this is when trying to get more power out of a naturally aspirated engine and increasing the combustion chamber you will need bigger and strong components in the engine increasing the overall mass and weight of the engine, Suzuki decided to cut down on the weight of the motorcycle by implementing an aluminium chassis rather than a tradition steel one.    
[bookmark: _Toc131180792]Materials
Many raw materials go into engineering and making a motorcycle that is suitable for the motorcycle market and the job it must perform for the user of the vehicle, the most common raw materials used in the automotive industry are steel, plastics, aluminium and rubber each one having different properties and environmental impacts when extracted from the earth.
Different materials have different strengths and weaknesses when looking at the properties of a material they will fall under different definitions when being tested:
1. Strain, the change in length of the material.
2. Stress, the amount of load applied to the material before deformation.
3. Tensile strength, maximum amount of tension a material can take before fracturing.
4. Young’s module, a ratio of stress to strain when deformation is elastic as well as showing the stiffness of a material.

Steel Properties 
Table 1a -Showing Properties of steel (From Kerry Tudor’s Materials Presentation 2023)
	[bookmark: _Hlk131019877]Tensile Strength
	400-2000 MPA

	Young’s Module
	250-220 GPA

	CO2 Production 
	2.26-2.61 kg of CO2/kg

	Advantages
	Easy to manufacture and cheap

	Disadvantages 
	Heavy, corrodes easily and poor strength to weight ration

	Uses in Automotive Industry 
	Chassis, Structural components and Engine components



Plastic Properties
Table 2a-Showing Plastic Properties (From Kerry Tudor’s Materials Presentation 2023)
	[bookmark: _Hlk131020176]Tensile Strength
	26-50 MPA

	Young’s Module
	0.824-1.02 GPA

	CO2 Production 
	2.77-3.06 kg of CO2/kg

	Advantages
	Easy to manufacture in large numbers and mouldable and cheap

	Disadvantages 
	Degrades in sunlight and can be flammable 

	Uses in Automotive Industry 
	Automotive air ducting



Aluminium Properties 
Table 3a- Showing Aluminium Properties (From Kerry Tudor’s Materials Presentation 2023)
	Tensile Strength
	90-550 MPA

	Young’s Module
	60-75 GPA

	CO2 Production 
	12.4-13.7 kg of CO2/kg

	Advantages
	Excellent strength to weight ratio.

	Disadvantages 
	Uses a high amount of energy to manufacture 

	Uses in Automotive Industry 
	Chassis and engine components



Rubber Properties 
Table 4a-Showing Rubber Properties (Material Properties 2021) 
	Tensile Strength
	5 MPA

	Young’s Module
	0.05 GPA

	Advantages
	Mouldable, and elastic

	Disadvantages 
	Cracks and tears when exposed to sunlight 

	Uses in Automotive Industry 
	Engine gaskets 



In order to creating the aerodynamic body of the Hayabusa plastic was used as this material is lightweight can be moulded to allow smooth flowing airlines across the bike and is cheaper and easier to produce than carbon fibre while still having the same desirable effect as carbon fibre. An aluminium frame was also used to decrease the weight of the motorcycle as the engine was mostly made of steel.    
[bookmark: _Toc131180793]Emissions 
Emissions have only recently started being tracked; emissions regulations only became a mandatory procedure in 1982 this regulation then went unchanged until 1992 with the introduction the of the Euro regulation, these Euro regulation would then be updated every 4 years from Euro stage 1 to stage 6 in 2014. If a manufacturer wanted to sell their vehicles in the European market, they would have to adhere to the Euro stages and update new vehicles to the correct Euro stage. 
Table 5a- Showing Petrol Emissions (Taken from Abi Summerfield’s emissions Presentation 2023)
	Year of regulation
	CO (g/kg)
	HC and NOx (g/km)
	HC (g/km)
	NOx (g/km)

	1982
	20.7
	5.8
	-
	-

	1992 (Euro 1)
	2.72
	0.97
	-
	-

	1996 (Euro 2)
	2.2
	0.5
	-
	-

	2000 (Euro 3)
	2.3
	0.35
	0.2
	0.15

	2005 (Euro 4)
	1.0
	0.18
	0.1
	0.08

	2009 (Euro 5)
	1.0
	0.16
	0.1
	0.06

	2014 (Euro 6)
	1.0
	0.16
	0.1
	0.06



If a vehicle was sold with high emissions rate, then the owner of the vehicle would be subjected to a higher percentage of tax when buying the vehicle, this tax law would be in place until April 2017. (Haymarket Motoring 2004).
Originally vehicle’s emissions were only tested on start-up of the vehicle for 40 seconds, to better regulate vehicle emissions a test cycle was produced in 2003 called the ECE/EC test cycle, this test was to mimic a standard driving route with an urban section (in traffic) and a suburban section (on motorways) and was also added as a mandatory test for manufacture, the test cycle for petrol vehicles consists of a 20 minute route that is 11km in length with average speeds of 32.5 km/h and a top speed of 120 km/h.
The ECE/EC test was then updated to the NEDC (new European driving cycle) the test has been criticized for making emission figures that are unachievable in real world driving as well as not simulating a real-world driving scenario correctly. Manufacturers looking to pass the unrealistic test cycles used a technique called “cycle beating” as the NEDC test has fixed speeds, gear shifts and acceleration points the manufactures were abler to program their vehicle’s ECUs to recognise test conditions and alter the emissions from the vehicle. In reality the vehicle when used on real world driving would pump out higher emissions than stated on the test.
 The company that if famous for being caught doing this cycle beating was Volkswagen motors, the test was then changed to a new cycle called the WLTP (world harmonised light vehicle test procedure) which would better simulate real driving conditions in a more modern environment. The test consisted of a 30-minute course with a length of 23.25 km and more a dynamic velocity profile with quicker alliteration and short braking periods, with average speeds of 46.5 km/h and a top speed of 131.3 km/h.
 When the Suzuki Hayabusa was first released in 1999 the emission regulations for motorcycle were relaxed compared to the car market as a result Suzuki were not tied down with harsh emissions regulations when producing the Hayabusa, but as new emissions regulation for motorcycles come into effect the Hayabusa has being forced to limit its power output based on much emission can come from the engine as well as having catalytic converter fitted to all new generations of the Hayabusa limiting its overall performance as well as a gentleman’s agreement to limit all new motorcycles to a top speed of 186mph.
[bookmark: _Toc131180794]E Fuels and Electric
With more and more people being more concerned with how they have an impact on the environment and current goal of the UK being net zero by 2035 manufactures are currently exploring different ways of becoming more environmentally conscious, the two popular alternatives to using traditional fossil fuel are creating alternative fuels or going fully electric.
Electrical vehicles are becoming the evermore popular choice for people who wish to be more eco-friendly with brands like Tesla making huge leaps in the electric vehicle industry, the advantages of using a fully electric vehicle are no tailpipe emissions, low maintenance, can be charged at your own home and has instant power and torque delivery. Some disadvantages are the entry cost for electric vehicles are high, slow charging time, limited range and poor infrastructure.
Electrical vehicles use a high amount a raw material when being made two of the most import materials in the electrical vehicle industry are cobalt and lithium that are used in the batteries of these vehicles and currently the way these materials are extracted from the earth are raising environmental and ethical concerns. The main cost of the electrical vehicle industry is coming from the building of a new electrical industry that can support the ever-increasing number of electrical vehicles on the road much like the one that is in place currently for ICE vehicles. 
E-Fuels is another way of producing fuels with a carbon neutral process, E fuels are made by extracting Hydrogen from water and is then combined with CO2 extracted from the air in turn making E-Fuel.
E-Fuels have the advantage of being able to use the fossil fuel industry’s infrastructure for the distribution of its fuel rather than creating a whole new infrastructure for their industry saving large amount of money. E-Fuels ca also be used in the tradition ICE Vehicle again saving the manufacturer from creating a whole new vehicle.
The disadvantages of E-Fuels are that the technology used is still in early stages of development, poor energy efficiency compared to fossil fuels and cost more to produce than fossil fuels.
if Suzuki can convert the Hayabusa to accept E-Fuels then the motorcycle’s life could be extended for many years to come as currently the new models are not available in some European countries as they don’t meet emission standards well as having less power than older models.
[bookmark: _Toc131180795]TRIV and FMEA
TRIZ (Theory of Inventive Problem Solving) is a problem-solving technique used by the USSR from 1945 to 1985 by an engineering and scientist Genrish S. Altshuller, TRIZ philosophy is that the problem you’re facing already has a solution that has been solved by someone else or a very similar answer.
When using TRIZ you generalize the problem and look at different industries that have faced the same problem and see if you can adapt their solution to fit your problem as well as looking for contradictions to help find know solutions.
Problems can be categorised as parameters then compared to find the contradictions, then the solution can be categorised as principles and used for different parameters. Contradictions also known as technical contradictions are “trade-offs” that stop you from reaching the desired state because something in the product prevents it, for example a product gets stronger but becomes heavier, it is up to the engineering in charge to decide whether the negatives of the contradiction out ways the positives.
FMEA (Failure Mode and Effects Analysis) is another form of problem solving, first developed by the US military in 1949 to analyse the equipment and system failures, in the1960s it was adopted and refined by NASA and eventually was used worldwide by automotive and manufacturing industries.
FMEA uses a step-by-step process find all possible failures in the design, manufacturing and product process.
The stages of FMEA are as followed:
Stage 1: Detect a failure mode, to identify the potential failures.
Stage 2: likelihood of detection, how likely the failure will be detected before it causes catastrophic issues, from a scale of 1 – 10, 10 being catastrophic as well as the signs prior to failure. 
Stage 3: Severity number, the severity of the potential failure from a scale of 1 - 10.
Stage 4: Probability of occurrence, how likely is the failure to occur from a scale of 1 - 10.
Stage 5: Risk priority number, is a formula used to determine which potential failures require the most attention RPN= SxPxD
Stage 6: Recommended action, what can be done to minimise or stop the failure from occurring.
Suzuki more than likely used the FMEA system when designing the Hayabusa as making a motorcycle that can perform such high speed would need every component to be tested and scrutinised with little chance of failure occurring at high speeds. 

[bookmark: _Toc131180796]Discussion
Current state of the industry 
The automotive industry is still struggling with the disruptions from the COVID 19 lockdowns as well as global tension rising in Asia Pacific and the ongoing war in Ukraine has created bottlenecks in the automotive supply chain for example the shortages of microchips which are need in all modern automotive designs.
The industry is also at a historical crossroads as whether to research more into alternative fuels and stay with the ICE industry or start moving the development and research into electric vehicles and designing a new infrastructure to support these vehicles even with supply shortages still in effect.


[bookmark: _Toc131180797]Conclusion
In conclusion this report highlights the advances that the automotive industry has achieved in the many years it has been around, with car industry making huge advancements in engineering more environmentally friendly vehicles whether it be with the use of alternative fuels or electric vehicles with ever increasing ranges and power, the motorcycle industry still has yet to come up with any ground breaking technology in the electric market to improve the weight and size of its batteries, this lack of innovation on the electric side makes it seem like the motorcycle industry is favouring the alternative fuel route rather than the electric route.
The Suzuki Hayabusa harks back to the days when the motorcycle industry wasn’t tied down with regulations and rules. If alternative fuels were to take over the motorcycle industry motorcycle companies would have the freedom to create newer more powerful machines without being forced to follow new regulations. 
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