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[bookmark: _Toc500155907]                                                  Figure 1; Image illustrating a series hybrid system.
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1. [bookmark: _Toc500155578]Introduction.

This report will focus on the following points. Duty cycle analysis and selection of appropriate vehicles. The report has been split into two sections. A literature review and results analysis. The first task was to select a suitable vehicle. 
The vehicle selected is a Vigilante - Corporate USE from blitzworld.co.uk. This buggy has been selected for various reasons. The engines are cheap for the buggy, typically £100, so maintenance for the buggy will be cheap. The buggy has a 1200cc petrol engine which produces around 80-90bhp. This equates to around 59-67Kw. The speed of the buggy can be electronically limited, the buggy will be limited to 35mph. (Blitzworld.co.uk, 2017).
The course features 5 different surfaces to make it more enjoyable for users. The course starts on an unpaved road for a rally feel. It then transitions to a field where users can get a feel for a different flavour of off road driving. The course then develops into a concrete section where users can pick up some speed. The course then has a rolled gravel section for users to enjoy and finally a tar macadam road for a quick fun end to the course. The course includes many hills no higher than 20m as well as a few dips. 
The effect the course will have on the buggy and its performance has been analysed using Microsoft excel. The resistance forces that the buggy encounters during the course have plotted against the time of the course. The power needed for the buggy has also been calculated and plotted against the time of the course. The buggy at the current time only uses around 50% of its power, this means that a lot of power, fuel and energy is wasted by the ICE (Internal Combustion Engine). The ICE could be downgraded with a hybrid system implemented to restore some of the power lost.






2. [bookmark: _Toc500155579]Literature Review.

A duty cycle is the amount of time in which a component, device or system is operated. Duty cycles can be expressed as a ration, or percentage. For example, a disk drive operates for 1 second, then shuts of for 99 seconds, then run again for 1 second and so on. The drive runs for 1 of 100 seconds or 1/100th of the time, this duty cycle would be 1%. 

The more frequently a circuit, machine or component is used the sooner it will wear out and become faulty. This means the higher the duty cycle, the shorter the useful life of the component. Suppose the aforementioned disk drive has a life expectancy of 1,000,000 hours based on a 1 percent duty cycle the life expectancy of the disk driver would be 500,000 hours of 2% and 2,000,000 hours based on a duty cycle of 0.5%. (WhatIs.com, 2005).














3. [bookmark: _Toc500155580]Results. 
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[bookmark: _Toc500155908]Figure 2; graph illustrating Velocity vs Time.
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[bookmark: _Toc500155909]Figure 3; Graph illustrating aero force vs time.
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[bookmark: _Toc500155910]Figure 4; Graph illustrating rolling resistance vs time.
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[bookmark: _Toc500155911]Figure 5; Graph illustrating acceleration resistance vs time.
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[bookmark: _Toc500155912]Figure 6; Graph illustrating gradient resistance vs time.
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[bookmark: _Toc500155913]Figure 7; Graph illustrating gradient resistance vs time

[image: ]
[bookmark: _Toc500155915][image: ]Figure 9; Graph illustrating total resistance vs time.[bookmark: _Toc500155914]Figure 8; graph illustrating total resistance vs time.
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[bookmark: _Toc500155916]Figure 10; Graph illustrating power vs time.


[image: ]
[bookmark: _Toc500155917]Figure 11; graph illustrating power vs average power vs time.
4. [bookmark: _Toc500155581]Summary of findings.

The buggy will undergo a typical duty cycle whenever the buggy undergoes the course. The duty cycle will vary depending on which part of the course the buggy is on.  
The toughest part of the course is the first two sections. This can been seen in figure 8 where the green line (total resistance) peaks at around 6000N and is consistently around 4000N, bar the dip in resistance when the buggy is heavy braking. 
This is also backed up by the graphs seen in figures 9 & 10. The power needed for the buggy is consistently high between 25s and 45s. This is the field section so it can be determined that the buggy needs to use more power to navigate this section. The field section has a very dips in the road which correlates to the increase and decrease of power. 
The course features many braking zones throughout the course. This can not only been seen in the power graphs in figures 9 & 10 but also the acceleration resistance graph in figure 4.   The power required frequently drops to below zero. This indicates the vehicle is braking, as proven by the course itself in the spreadsheet provided. 











5. [bookmark: _Toc500155582]Conclusion & recommendations.

To conclude the buggy comes fitted with an engine that is suitable for the course. This engine could be improved however. The engine could be fitted with a series hybrid motor similar to a previous F1 KERS (Kinetic Energy Recovery System), not to be confused with the current hybrid systems which use turbochargers and heat from exhaust gases to generate electricity using and MGU-H (Motor Generator Unit- Heat) and MGU-K (Motor Generator Unit- Kinetic) to store wasted energy into an energy storage unit. (Formula 1®, 2017).
Previous F1 KERS units used a similar MGU-K but it was connected to the transmission rather than the turbo (which was not present) to capture energy that is usually wasted under braking. (Racecar-Engineering, 2009).  This is a system that could be implemented into this buggy setup. The buggy has a 4-5 speed transmission that the hybrid system could be connected. This setup would allow the buggy to be fitted with a smaller engine which would be more efficient and cheaper to run than the current engine.
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