


Contents
1.	Abstract	2
2.	Introduction	2
3.	Literature Review	3
i.	Types of energy storage systems & Hybrid Vehicles	3
4.	Changes to Previous Results	4
5.	Options for Hybrid	6
6.	Series Hybrid Results	7
7.	Conclusion and Evaluation	7




Figure 1 - Speed Against Time (ICE)	5
Figure 2 - Acceleration Against Time (ICE)	5
Figure 3 - Fuel Usage (ICE)	6
Figure 4 - Acceleration Against Time (Hybrid)	7
Figure 5 - Power Required (Kw)	7
Figure 6 - Fuel Usage Comparison	8
Figure 7 – Motor	9
Figure 8 - Flywheel Energy Storage System	9









1. [bookmark: _Toc99205690]Abstract

Investigations and calculations into the duty cycle of the renegade DX10C are to be conducted. These will be carried out using base information provided. The first section, which has previously been completed was using this base data to create a duty cycle for a ‘made up’ track. This included calculating variables such as speed, forces on the vehicle, acceleration, torque, RPM, power, and total fuel usage. 
The second stage of this investigation will then convert this to a hybrid system. This will be done to try and obtain fuel characteristics of the hybrid vehicle, as well as looking at specifying motors and controllers that would be suitable for application. This investigation resulted in a decrease in fuel usage from 174g of fuel used per lap to 82g of fuel used per lap, which is a significant decrease.

2. [bookmark: _Toc99205691]Introduction

When it comes to selecting a vehicle for a motorsport setup it is important to consider the duty cycle and the requirements of the vehicle, so that it can meet these requirements. For this investigation the engineering director of a company producing off-road buggies for recreational and corporate entertainment would like to understand the typical cycle of the Renegade DX10C off-road buggy. This is with the view to then transform this vehicle to a hybrid powertrain in order to see the difference in fuel consumption statistics. A duty cycle is used to visualise how a vehicle performs. For this investigation a track has been made up and calculated values have been used in order to plot specific characteristics of the duty cycle. This duty cycle will then be tampered with in order to suit a hybridized vehicle. 
The Renegade DX10-C is a simple, lightweight corporate use buggy. The buggy is both suitable for kids and adults to drive on tracks or trails. The buggy has an easily restricted throttle pedal to suit people of different age ranges. It has a four stroke 300cc petrol engine with a CVT drive with a low gear cog, which allows for maximum speeds of 30mph. This report will attempt to use this vehicle, as well as somewhat made-up track data to create a duty cycle, and therefore look into the fuel consumption of the vehicle.
For this investigation several energy storage devices will be considered and reviewed, and eventually one will be decided. This will mostly be decided due to power requirements but can also include weight and size requirements. A generator, motor, controller, and a final drive solution will have also need to be found for this investigation. This will all be done to calculate the hybrid powertrain solution fuel consumption and compare it to the standard buggy.

3. [bookmark: _Toc99205692]Literature Review

i. [bookmark: _Toc99205693]Types of energy storage systems & Hybrid Vehicles

The power grid operates based on a delicate balance between supply and demand. One way to help this balance is to store electricity during periods of relatively high production and low demand. Depending on the extent to which it is utilised energy storage systems could help enable the grid to operate more efficiently and allow for a more sustainable future.
Two of the most rapidly responding forms of energy storage are the flywheel and supercapacitor. These are both capable of being discharged and recharged faster than most conventional batteries. A flywheel works by spinning a rotor to extremely high speeds using energy. This process creates kinetic energy which is in turn stored within the rotor until it is required. The kinetic energy is then converted back into electrical energy when needed. Supercapacitors work in a similar way, but they store energy electrically. They combine the power of batteries and capacitors by storing energy as a static charge. However, unlike batteries there is no chemical reaction during charging or discharging.
Lithium-ion batteries are already the most commonly used energy storage system for most home electronics and vehicles thanks to their high-energy density and low self-discharge rates. Their biggest issue however is their available usage. Within electric vehicles this technology is advancing at rapid rates. Tesla for example has just finished installing the worlds biggest lithium-ion facility in Southern Australia. This will be able to supply 30,000 homes for an hour according to drax.com. (Drax, 2017). Lithium-ion batteries are now widely used within electric vehicles; however, manufacturers are still fighting to lower the cost of the vehicles to a point where they are widely accessible. 
The next type of energy storage is the solid-state battery. The biggest issue with solid state batteries are how long they last, making them not overly viable for electric vehicles. Using solid electrodes and electrolytes rather than liquid electrolytes, solid state batteries are cheaper, smaller and have greater density when compared with lithium-ion batteries. They can also be recharged much quicker and emit less heat. This can lead to decent efficiency within an electric vehicle; however, their duration makes them far from ideal.
Another key potential solution for energy storage systems within electric vehicles is hydrogen. Hydrogen is one of the most abundant elements on the planet, which makes it a very attractive solution to the ever-growing problem for power-generation. The latest technology to emerge is the hydrogen fuel cell, which are very quickly growing in popularity within the automotive industry. Fuel cells work in a similar way to batteries with two electrodes separated by an electrode. However, fuel cells can continue to produce electricity as long as there is a constant supply of hydrogen. This has led to the increase in hydrogen fuel pumps for several hydrogen powered cars. As it currently stands though hydrogen, as a form of energy production/storage, is still a relatively new area within the automotive world.
(EPA, 2021) (Balali, 2021).


4. [bookmark: _Toc99205694]Changes to Previous Results

Work has previously been done using this buggy. This work was to create a duty cycle for the standard buggy for the company. Unfortunately, the previous work done had a few errors which required fixing before the hybrid side of this investigation could be done. 
The first changes that were made were to the track. The track was put to just 2 different surfaces, being gravel and tarmac. The next change that was made was to instead of assuming speed values for the vehicle at individual steps of 1 second, the speed and time values were actually calculated. This therefore meant that the distance value was set to change by 1m for each step on the spreadsheet. This therefore meant that way more accurate speed and acceleration values would be observed. Another key change that was made was changing the gradient inputs. These were previously inputted as ‘changes in height’, whereas it required an angle for correct results. This was therefore rectified and now the results look more as expected.
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[bookmark: _Toc99361768]Figure 1 - Speed Against Time (ICE)
As shown in figure 1 the new track takes around 130 seconds to complete a lap, with a decent portion of this lap being done at the vehicles maximum speed. This will hopefully allow for more accurate results when transferring the vehicle over to the hybridised system. Figure 2 shows the updated acceleration data from the ICE engine study. This is far more accurate than previously when values of 4m/s and -4m/s acceleration were often being seen.
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[bookmark: _Toc99361769]Figure 2 - Acceleration Against Time (ICE)
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[bookmark: _Toc99361770]Figure 3 - Fuel Usage (ICE)
Figure 3 shows the fuel usage over this lap. This will be important as it will be compared with the hybrid system created later in this investigation, where the engine will be required to run at a specific RPM and torque values, which should hopefully reduce the fuel usage considerably. 

5. Hybrid Results

During the creation of the hybrid system, it was important to decide fairly early on what RPM and torque the ICE engine would be required to run at constantly. This was decided as 4000rpm and 14Nm of torque after looking at several brushless motors most notably on electricmotorsport.com (Electricmotorsport, n.d.). This data was helpful for looking at the fuel consumption per lap for the hybrid system.
For this system a few new specifications also had to be considered. For example, the total weight of the vehicle would obviously be increased due to the added hybrid elements. Therefore, a new assumed weight value was used, this was around 646kg. This was used alongside a single geared system with a relatively low gear ratio, which was also assumed. Using the previous data from the ICE duty cycle it was possible to calculate the RPM at which the motor would be required to run at in order to achieve the same speed and time values that the ICE engine achieved using assumed power values from the motor. 
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[bookmark: _Toc99361771]Figure 4 - Acceleration Against Time (Hybrid)
As shown in figure 4, the acceleration data for the hybrid is slightly different to that of the ICE engine. This is due to the acceleration for both being calculated using the equivalent mass and the driving force. The equivalent mass was calculated using a mixture of inertia values, the gear ratio, the vehicle weight, and the rolling radius. This stayed the same for the hybrid vehicle due to the singular gear being used.
Figure 5 shows the power required from the motor for the whole lap. As shown, this varies significantly across the lap, so knowing the average and peak power is very important. The average power required was around 8.92kW, which was slightly higher than expected. The peak power required is 21kW. These values should hopefully help for figuring out what motor to choose.
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[bookmark: _Toc99361772]Figure 5 - Power Required (Kw)
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[bookmark: _Toc99361773]Figure 6 - Fuel Usage Comparison
Figure 6 shows the fuel consumption for both the ICE duty cycle and the hybrid duty cycle. As shown the hybrid vehicle (blue line) produces significantly less fuel than just running the standard ICE engine (orange line). Overall, the total consumption per lap decreases from 174g of fuel per lap to 82g of fuel per lap, which is a significant decrease. This is due to an assumed BSFC statistic from a BSFC graph taken at 4000rpm and 14Nm of torque, which the engine will constantly run at.
6. [bookmark: _Toc99205695]Options for Hybrid

For this investigation, it really boils down to three main storage options. The first of these being a battery, the second of these being a flywheel and the third option being a supercapacitor. This section will look at specific examples of each of these energy storage systems, as well as looking at the requirements for the DX10C buggy, which will also be discussed in a later section. When looking at examples of all three of these storage systems it is important to look at several key factors such as required power, energy, and weight. 
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[bookmark: _Toc99361774]Figure 7 – Motor
Figure 7 shows the closest motor that could be found to what the specifications required are. Capable of being able to be run at 8.1kW it is almost ideal for this application it also requires 4000rpm and 14Nm of torque, which is why the engine will be running constantly at these values. This motor runs at an efficiency of 88%. This is taken from the electric motorsport website, where they also offer controllers suited to these motors. 
When it comes to an energy storage system there were several considered. The idea of using a flywheel as an energy storage system is quite an interesting one as ‘Flywheel energy storage uses electric motors to drive the flywheel to rotate at a high speed so that the electrical power is transformed into mechanical power and stored’ (Ding, 2016). Flywheels are certainly an interesting way of storing energy and was an area in which was being heavily considered for this investigation. Unfortunately finding one that suited what was required was quite difficult. There are also several disadvantages of using a flywheel such as low energy density and the fact that it is still very much at its ‘experimental stage’.
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[bookmark: _Toc99361775]Figure 8 - Flywheel Energy Storage System
7. [bookmark: _Toc99205697]Conclusion and Evaluation

To conclude the renegade DX10C model certainly shows that there is certain potential for hybridisation without the performance being affected. It was shown in this investigation that just over half of the fuel per lap was being saved when running the vehicle as a hybrid. Obviously, a few assumptions had to be made to achieve this, but there is certainly potential if the right motors and energy storage are found. In terms of being able to outline potential alternate power solutions, unfortunately any specific power solutions have not been chosen. There were a few with similar characteristics to what was required but when it came to trying to find a flywheel to store the energy it became difficult to find. Therefore, when it comes to costing the hybrid parts of the vehicle, no comments can really be made unfortunately.
Overall, if I was to do this investigation again, I would do more research, before starting the calculations, into energy storage systems. This means potentially being able to specify storage systems before running calculations so that I know what sort of values I am aiming for. Overall, with the few assumptions made there was still a significant decrease in the amount of fuel used, but this would’ve required a motor capable of running at around 9kW of constant power. 
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ME1803 Brushless PMSM Water-Cooled Motor

Surface Mounted Magnets on Rotor
Inductance: (1000Hz): 39~43.5 pH:

Winding Resistance: 5.06~5.26 mQ)

Sensor Type: Sine-Cosine

Number of poles: 10, or 5 pole pairs

Ingress Protection’ IPGS rated

Maximum Current: 400 amps for 2 minutes

Continuous Current: 150 amps

Designed for 8.1 kw, S1 duty, 4000 rpm, 14.3 Nm torque, with a 60 VDC battery supply to the control

H P Type here to search




image11.png
Gpper Vacuum
Chamber Upper Radial

Electromagnet
Tower Vacuum o

Chamber 1

Molecular
Vacuum

arbon Fiber Sieeve

Composite
Fiywheel

~Synchronous
Reluctance

4 pole
-G Rotor

Motor-Generator
Stator.

T Thickc
Steel Housing

Lower Radial
Electromagnet





image1.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





image2.png




image3.png




image4.png
Speed (m/s)

onN & O

16
14
12

Speed (m/s) Against Time (s) ICE

—— Speed Against Time





