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[bookmark: _Toc54387069]Introduction 
During this report I will be leading an engineering team as we design a new product. I will be discussing problems we may incur as well as different ways in which we will make this product a reality. 
The product that we will be designing is an electric quad. The reason for this is because petrol powered quads can be very disruptive to local wildlife as well as to residents. This is due to the fact that the engine that powers the quad doesn’t have much sound insulation as the engine is always almost left completely uncovered. As well as this most quads have short exhausts with non-effective mufflers.  This added up makes the noise pollution of quads rather bad. 
Another problem with petrol powered quads is they are not fuel efficient and can when rode recreationally can be damaging to the environment.
Another advantage of electric quads is that you can add variable speed. This is useful if you are letting un-experienced riders use the quad and you are not confident that they can handle the full power of the quad. 
Coming from a agricultural point of view electric quads can offer some advantages. For example, electric quads would have a higher torque than petrol quads and thus will be better for towing as well as getting out of difficult situations. This will be detrimental to farmers as well as from an economical side as farmers will be a big market for quads. 
There is also a practical element that comes with an electric quad. There are a lot less components that can go wrong compared to an engine and will not be as difficult to maintain and service.

 

Research and methodology 
The main components that will need to be developed to produce an efficient electric quad are; 
· Battery and Motor
· Suspension
· Wheels and Tyres 
· Brakes
· Bodywork
These will be the teams that I split my team into. 
Battery and motor 
The first part of the quad that I will be discussing is the battery. The battery has to be able to power the bike for a long duration of time as well as give the bike enough power to keep up with petrol powered quads. I will delegate this to an electrical engineering team.
The first problem that the team must solve is choosing the right battery. This is crucial as this can determine body shape as well as weight which will directly affect performance. 
The first battery that the team looked at was a Lead Acid 60V 50Ah. However, after consideration it was decided that a Lithium 60v 50Ah battery would be more suitable. This is due to a number of reasons. Although Lead Acid are more competitively priced, Lithium outperforms in almost every other way. They have a larger capacity for storing electric as well as a better depth of discharge following a more efficient design as well as having a longer lifespan. Having a longer lifespan is also beneficial to the environment. They have a lifespan that can be up to 3 times as long lead-acid batteries. As well as this lithium batteries also contain landfill safe components that are also recyclable. Due to these reasons, it is concluded that lithium batteries are more environmentally friendly. This is beneficial as a main benefit to having an electrically powered ATV is that they are more environmentally friendly. 
To find which battery would be most suitable was rather difficult. This is due to most electrically powered ATVS being designed for children. This would be problematic as we are designing a product that is going to be in competition with petrol powered ATVs. To research more suitable batteries, we turned to electrically powered Gator Utility Vehicles. These are larger than an ATV and we were reluctant to use a similar sized battery but, taking into consideration that these are generally slower than quads we feel that this battery size would be adequate for the ATV. 
The Gator that was researched was the Polaris Ranger EV. As well as researching if the battery was suitable, we also needed to determine if a similar motor could be usable. However, this particular vehicle used a Single motor 2WD system. Due to the performance criteria that we would like to reach for with an electrically powered ATV a 4-wheel drive system would be required. After researching which motor would be most suitable it was decided that 2x 2000W Brushless DC motors would be used. One will power the front wheels, while the other will power the rear wheels. The battery in turn will sit in the middle of the bike under where the rider would be sitting. 
There were many reasons why a duel Brushless DC motor was chosen over a different type of motor.  One of which is the high torque it can produce at low speeds. This will make it ideal for towing; as well as getting out of a predicament whilst off roading. Another advantage of this motor is there is less maintenance due to the fact that the motor does not require any carbon brushes, this means that you don’t have to frequently replace them. Another benefit to using this motor is that they have a higher performance and efficiency compared to the brushed DC motors. This is due to the involvement of electronic control enabling high-level control over speed and position of the motor. Brushless DC motors lifespan is approximately 6 times as long as a brushed DC motor. This means that these motors are more environmentally friendly as they wouldn’t have to be thrown away for a much longer time period. 
Suspension
The second team that was used was for the suspension. The suspension is a crucial component to an ATVs performance. There were 3 different suspension types that could have been chosen:
· Standard Non-Adjustable 
· Pre-load Adjustable Shocks
· Fully adjustable piggyback reservoir. 
Due to most newly manufactured quads use fully adjustable suspension we felt that this would be the most suitable option. 
Correctly tuned suspension makes any ATV easier to ride at high speeds. ATV suspension is the key to making it ride as comfortably as possible. Modern suspensions are more adjustable than ever and can be easily tuned to the rider’s preference. Suspension systems can also be changed to work over a wide variety of terrains. 
The main purpose of the suspension is to keep the wheels in contact with the road as much as possible and having a suspension system that is adjustable will allow you to optimise your contact patch as much as possible. 
Wheels and Tyres
Initially we had to decide what our wheel would be made of. Most ATV wheels are made of steel. This is due to the fact that it is cheap and easy to make. But steel wheels are heavy and in turn have an adverse effect on performance. As well as this if you’re riding over loose surfaces such as sand or gravel you want as little weight as possible. An aluminium alloy or magnesium alloy offer a lighter alternative however, these are more expensive and are harder to manufacture. 
I believe that a standard steel wheel would be sufficient as lighter wheels are for specified uses. Steel wheels are good all-rounders. As well as this steel is the most recycled material in the world. More steel is recycled each year than aluminium, paper, glass and plastic combined.   
Another advantage of steel wheels is they are strong and more resistant to impact cracks.
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Figure 1


Following research on materials, we needed to discover which size wheel would be most suitable for the ATV. T do this we researched existing ATVS and compared Wheel size. Typical ATV wheels range from 20-30 inches depending on the use. For our ATV we will be using a 25-inch diameter wheel with a tire width of 10 inches for the rear and 8 inches for the front tyres. There are many advantages that can be taken when using a narrower front tyre than rear tyre. There is increased manoeuvrability as well as decreased tyre rub. 
Brakes 
The initial problem that we had when designing a brake system is whether to use a drum brake system, disc brake or a combination of both. 
Disc brakes do a better job of managing heat than drum brakes. This causes them to experience less brake fade, which will give the ATV more consistent performance. However due to the fact that the ATV wouldn’t be typically pushed to those limits we feel that a combination system would be most suitable. Drum brakes are cheaper to manufacture than disc brakes and make it more economical to manufacture. 
The system would use two brake discs on the front wheels and two drum brakes on the rear wheels. This is because most of the braking will be done at the front wheels. 





Bodywork
There are two different types of plastics that most ATV bodywork is made of. We decided to research these materials and decide which one would be best for the ATV. 
The first is polyethylene, this is a thermoplastic polymer which has a very wide range of applications depending on the particular type used. It is one of the most widely used plastics and tens of millions of tons are produced worldwide each year. When manufacturing ATV bodywork the Polyethylene is turned into HDPE which is a high-density form of the plastic. Some advantages of this material are it is affordable yet high quality. It can operate at harsh temperatures as well as being UV resistant, chemically resistant and being extremely durable. 
Although there are a lot of advantages with using HDPE it there is two disadvantages. HDPE is a flammable material, his could be dangerous in close proximity to a battery. Also, due to the high volume of HDPE produced annually there is a large environmental impact.  
The second plastic that was researched was polypropylene. This plastic is similar to Polyethylene in many ways, and they share many characteristics. Polypropylene is also classed as an insulator; this is due to the low conductivity of electricity. As well as this it is also a highly impermeable material. 
Some disadvantages of this material are that Polypropylene can often be affected by UV degradation, limited uses in high temperature situations as week as being extremely flammable. 
After conducting research on both plastics, it was decided that HDPE would be the most suitable. 

 

Discussion 

There are many different legislations that apply to designing and manufacturing an electric vehicle. These legislations and standards are critical when designing a product like this. These can be dangerous vehicles and it is crucial that all guidelines are properly and thoroughly met. 
Overall, the environmental impact of this vehicle will be considerably smaller than to petrol powered alternatives. This is due to the fact that we have tried to be as sustainable as possible and have always kept environmental impact when making decisions. 
As well as being environmentally friendly an electric ATV is also more ethical than a petrol-powered alternative. It is more courteous to wildlife and local residents. 
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