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The vehicle being looked at for improvements for a space exploration is a Go Kart model aimed at a younger audience from the brand Scooter X. The Scooter X Sport Go-Kart is a sports racing chassis which is characterised by its low ride height and lack of supporting frame for the user. By examining the Go-Kart’s high grounds clearance and deep-treaded tires, this X Sport Scooter is an off-road vehicle and is accustomed to the harsh nature of driving over a loose surface. However, it is reported that the Scooter is more power-efficient on flat surfaces and does not operate as it should on uneven, loose surfaces (MyProRides, 2017). This is highlighted to be a negative consequence to the thin steel frames used as the machine’s chassis, the main area of research and development for this task.
The frames of the Scooter X go kart are formed from steel tubes that, like most frames from scooters, bikes and go karts, are primarily Mild Steel tubes that are pressure bent into its form, similar to the method used by Rime (2016). Once bent and formed, the individual sections are then machine welded and fused together to form the overall chassis. 
Mild steel is exceptional in the use for go kart chassis manufacturing as the material provides an ability to flex and absorb motion and vibrations throughout its body (Knapman, 2013). This makes it ideal in off-road vehicles to help translate the rough surface into a fluid motion that assists the driver in feeling the optimum grip. Mild steel is easy to manipulate and work with, and is also in high demand and, therefore, a comparably inexpensive material compared to similar metals. However, mild steel is vulnerable to corrosion from moister and oxygen that will result in rust, an unacceptable deficit for the challenge ahead as the steel would decay and result in the failure of the vehicle as elaborated by Knapman (2013).
Due to the corrosion, new materials are needed and as the base price for this product is over $1,000 for a child’s kart, as of May 2019 (Amazon, 2019), it is possible to become more financially relaxed and explore more elusive materials to assist in the vehicle’s adaptation for extra-terrestrial exploration. In order to evolve the machine into the newly named Scooter X Space Go-Kart, we must first evaluate the new working conditions that the machine will tackle. This new challenge is the planet Mars which, along with the travelling via a rocket, presents a host of new difficulties.
One of the biggest issues faced with a space expedition to Mars is the difference in temperature. On Mars, the average temperature on the planet is roughly minus 60 degrees Celsius, with severe drops to roughly minus 125 degrees Celsius at the north and south facing planes of Mars. It becomes so cold at night that frost forms (Sharp, 2017). This temperature challenge is related to the extreme temperatures endured when entering an atmosphere of over 2,000 degrees Celsius (Bell, 2018) and the icing conditions experienced by commercial and military aircraft. Icing conditions is a phenomenon in which cooled water molecules located within the higher reaches of Earth’s atmosphere form into iced crystals when in contact with a solid material (Veillette, 2015). 
For structural purposes, the original steel tubing frame from the Scooter X Go Kart will be replaced with titanium tubing, as inspired by the materials utilized by the Mars Rover ‘curiosity’ from 2012 (Bell, 2018). Titanium is known for being 40% lighter than steel whilst maintaining the same level of strength as steel, which is measured in Moh’s Hardness at six. Titanium is able to produce these qualities whilst being able to successfully fend off corrosion from both water and chemicals by forming an outer skin known as titanium dioxide which protects the material (Bell, 2018). However, the issue with titanium is its boiling point which is recorded at 1,668 degrees Celsius, far lower than what is required for the titanium to retaliate the 2,000+ degrees Celsius of entering Mars’ atmosphere (Bell, 2018). 
To counter this danger of the titanium melting, tungsten will also be used to construct the chassis and structural supports of the Go Kart as a coating material to the titanium. Tungsten is a material also found within the construction of the Mars Rover (Bell, 2018). This is because, also reported by Terrence Bell (2018), Tungsten holds a number of advantages over titanium. Tungsten’s melting point is 3,420 degrees Celsius as compared to Titanium’s 1,668 degrees Celsius, and Moh’s Hardness scale of strength registers Tungsten at 7.5 as compared to titanium’s 6, with tungsten carbide, a bond of two tungsten atoms to one atom of carbon, having a strength of 9.5 (Bell, 2018). 
It would be more practical and beneficial for the final product to form the chassis of the Go Kart out of pure tungsten carbide as it would be strong and able to withstand the bumps and harshness of the uneven surface of Mars, along with being able to withstand the temperatures of entering Mars’ atmosphere. However, a combination of both titanium and tungsten would help with reducing the weight of the overall project. Tungsten has a density of 19.24g/cm3 whereas titanium only has the density of 4.51g/cm3 (Bell, 2018). To reduce the weight of the Go Kart would benefit the propulsion system of the rocket transporting the vehicle to Mars as there would be less fuel required to lift the minimal weight. 
As a consequence of using titanium, the chassis will not be as strong as a comparable model that’s made from tungsten carbide. To counter this, the new chassis will incorporate triangular supports. These supports will surround important components such as the new solar panels and batteries and will be also be used to protect the driver. As John Fuchs (2012) elaborates on, triangles are the only two-dimensional form that has secure joints. To increase an already-existing structure would be to add ‘gussets’, miniature triangular joints as internal supports. These supports will increase the rigid strength of the final chassis. To help with increasing the overall strength of the product, the titanium material for the chassis will be crafted as a singular piece. To do this, the manufacturing process for the go kart’s chassis would be a metal cast.
The metal cast would be using the titanium and poured into a mould of the Kart. It is difficult to cast molten titanium into a mould due to it becoming unstable once in contact with oxygen and will, as explained above, will form an outer layer known as titanium dioxide (Trunkett, 2018). To counter this, the casting process will incorporate a method which utilises rammed graphite. The graphite is a sand-like form and is used to craft the product’s mould which, when completed, is vacuumed and cleared of any oxygen. the molten titanium will then be poured into the mould and left to cool and form the chassis. Trunkett (2018) then goes to explain that the harshness of the graphite will leave a rough finish on the final titanium piece, but that is a minor inconvenience as the titanium will then be shielded with an outer body of tungsten carbide. This process will mandate HVOF tungsten carbide coating as the finishing material. The tungsten will be sprayed onto the titanium body and helps to improve the chassis’ resistance to corrosion, wear and heat (ASB Industries, 2017).
Financially, the machinery used to craft the single-component chassis will not be the most efficient method. The model being created for the Mars expedition will not be a mass-produced product and, therefore, will not generate profit to cover the overhead costs of the materials and production if sold at a comparable price to the original Scooter X Go Kart (Ward, 2018). This product will be a one-off production or, if interest is high enough, a small batch production. As the expedition is to Mars, the experience would be included within the price as the target audience would be similar to that of the Virgin Galactic program, which charge $250,000 per person for a 90-minute flight on the boarder of the Earth’s atmosphere (Johnson, 2018).
To conclude, the modification for the Scooter X Space Kart will replace the standard steel frame chassis with the tungsten-coated titanium body. These changes will help improve the vehicle’s range of use amongst the rough surfaces of Mars and will exceed the heating and corrosion concerns of the vehicle during the transporting element of the process. Financially it is not viable for a mass-produced product, but the target audience and ambition of this project should suffice the start-up costs.

Original chassis’ bill of materials.
	PART
	MATERIAL
	CONSTRUCTION

	Chassis
	Steel
	Tubular steel frames which, once pressure bent into shape, are machine welded together to form the chassis.



	PART
	MATERIAL
	CONSTRUCTION

	Mould
	Graphite
	Graphite sand is bonded with ingredients and formed around an object to form the mould, then baked and vacuumed.

	Chassis
	Titanium
	Molten titanium cast into the mould to form the chassis, then left to cool and removed from the mould.

	Chassis
	Tungsten Carbide
	Tungsten carbide is sprayed upon the finished titanium chassis and left to bond.


Modified chassis’ bill of materials.
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