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	Figure
	Abbreviated for 

	rpm
	Revolution per minute 

	Rad/s
	Radian per second

	s
	Second

	w
	Watts

	Kw
	Kilo watts

	Amp/h
	Ampere per hour

	Mj
	mega joules

	ICE
	Internal combustion engine

	ERS
	Energy recovery System 

	Kg
	Kilogram 
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[bookmark: _Toc509392281]Chapter 1
1.0 [bookmark: _Toc509392282]Introduction 
The main aim of this report is to convert the chosen buggy in the previous report and convert the buggy in a hybrid buggy. This need to be not change the main aspect of making the buggy fun, and entertaining for the cooperative day. The buggy had to be modified in order to reduce the emissions of the buggy while still maintaining the vehicle power and the entertaining fact. The author would have to consider the purchasing the following:
· Internal combustion engine which produces the average power found in the first assignment
· Generator for the engine which produces the average power found in the first assignment
· Motor 
· Required battery chosen from the graph   
  Before the author proceed with the purchasing, the author must carry out the series of calculation using the graphs and spreadsheet data which has been created from the previous assignment. In order to start the calculations, the author would have to zero the negative power (watts), the new total would have to be used, as shown in chapter 3. The safety of the drivers have also been taken into consideration, hence, the author has purchased extra item which enhances the safety of the driver. The author will also provide the cost table of the required item purchased. 
















[bookmark: _Toc509392283]Chapter 2
2.0 [bookmark: _Toc509392284]Literature review
As the emission standards are getting tough and the automotive industries are looking for new technologies to replace the current fully ICE engines. In order to improve the emissions produced by the ICE vehicles and to improve the fuel consumption. Both automotive and motorsports industry have been pumping a lot of money in to enhancing the hybrid and the fully electric vehicles. Both industries are looking at the ERS to reuse the energy to generator power for the motor to power the vehicle (Zytekautomotive.co.uk, 2018). Between 1665-1825 the first Hybrid system was known to be created by Flemish Jesuit priest and astronomer Ferdinand Verbiest. In 1896, Hybrid system was modified and used by Ferdinand Porsche. Ferdinand created electric wheel hub motor, a motor which was battery operated to fit inside the hub of a wheel. The invention was fitted to Lohner’s coaches. The company was later called Lohner-Porsche Elektromobil (Garden, Efficiency and Technology, 2018). The hybrid vehicle was later mass in America by produced Pope Manufacture Company in 1899. Later Toyota, in late 1990’s global mass produced the hybrid system. Although the hybrid system has been in place for a long time, the technologies has not been like by the public, as it lacked the power, cost and the issues with the batteries people faced (Berman et al., 2018). In the SAE paper ‘Fuel Economy Analysis for a Hybrid Concept Car Based on a Buffered Fuel-Engine Operating at an Optimal Point’ it states how the hybrid vehicle efficiency improved from 86% to 97% and how emission has been improved by using the hybrid systems (Ross, M. and Wu, W, 1995). The figure below shows the hybrid system, which has been looked at by the author, the system below will be used to develop the hybrid buggy for the cooperative day.  
   [image: ]
[bookmark: _Toc509392265]Figure 2-0‑0‑1: Hybrid system researched by the author (Liddle, S, 1976)
 The figure below shows how the author will fit the system on the buggy. The battery will be fitted at the rear of the buggy along with the generator. The engine will be at the front along with the motor. This will provide a better power to weight ratio (Lobo, 2018).
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[bookmark: _Toc509392266]Figure 0‑2: Buggy lay out diagram used by the author (Lobo, 2018)
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3.0 [bookmark: _Toc509392286]Methodology
In this section the author will provide the calculations and examples on how to calculate the speed in rpm (with calculated final drive) and rad/s, torque and the total energy drawn from the battery. 
3.1 [bookmark: _Toc509392287]Calcuations and purchasing 
At first, the author has calculated the positive power (w) from the spreadsheet, the total value came to 646387w. The total positive power will then be divided by 120s (duration of the track). The average power came to 5387w. The average power in watts has to divide by 1000 in order to achieve the average power in kW, the average power came to 5.387KW.  The author has chosen the engine shown in the figure below, then engine chosen produces 6Kw of power, this strongly recommend, as this engine not only meets the average power requirement, it produces it bit more which is beneficial. The engine has the weight of 33kg. 
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[bookmark: _Toc509392267]Figure 3-1‑0‑1: ICE chosen by the author (HP*, 2018)

In order to calculate the speed in rpm the motor max rpm will be required (3700rpm). The author has chosen the ME0708 motor with controller, throttle, contactor, wire kit and fuse block, as shown in the figure below. The chosen motor, has be equipped with enough power to accommodate the buggy. The motor has the weight of 13Kg.  
[image: ]
[bookmark: _Toc509392268]Figure 3-1‑0‑2: Buggy motor chosen by author (ME0708 Drive Kit with Motor, 2018)
The following calculation shows the speed (final drive in rpm) calculated by the author. In order to calculate, the author has obtained the maximum velocity from the graph created in the previous assignment. The max value came to 16.093m/s.
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[bookmark: _Toc509392269]Figure 3-1‑0‑3: Graph showing the maximum velocity (Marcus. M, 2017) (Microsoft Excel, 2017)
The cercumferance of wheel has be caulated by using the following equation:


In order to caluate the revs/ sec, the following caluation has to carried out:


The revs pers seocnd has to converted in to revs per mintues, as shown below:


In order to caluate the speed final drive (rpm), the following calulation has to carried out: 


The final drive ratio came to 7.23:1.
In order to calulate the final drive rpm for each of the seconds the following calulation has to be carried out:
 Final drive rpm = (velocity (m/s)  wheel cercumferance (m))  60  caluated final drive 
In order to calulate thespeed in rads, the following calulation must be carried out: 

In order to calulate the max torque at the wheel and the motor, the author has obtaied the maxium travtive force from the graph, created in the assignment one, as shown below. The maxium tractive force has been found to be, 2628.429N.
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[bookmark: _Toc509392270]Figure 3-1‑0‑4: Tractive force graph (Marcus, M, 2017) (Microsoft Excel, 2017) 
The following calulation must be carried out:


In order to calulate the max torque at the motor, the value has to bevide by 10, as shown below:

The figure below shos the generator chosen by the author. The generator produces 6Kw of power which is ideal for this buggy and it a bit more power the the average required power of 5.387Kw. 
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[bookmark: _Toc509392271]Figure 3-1‑0‑5: Generator chosen by the author (Generators-direct.co.uk, 2018)
In order to chosen the ideal battery for the buggy, the author has carried out the following calulations shown below. Before the author startthe calulations, it is improtant to know the maximum, minimum and spare energy needed for the buggy. The figure below shows the maximum vaule obtained from the total energy accumulative. The value was recorded at 110.869573, 110.87Mj. The weight of the gernerator has been recorded at 80Kg. 
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[bookmark: _Toc509392272]Figure 3-1‑0‑6: Total energy drawn accumulative max value (Marcus, M, 2018) (Microsoft, 2017)
The figure below shows the minimum vaule of the total energy drawn from the accumulative graph, the vaule was recorded at -6.017895821, -6.02Mj.
[image: ]
[bookmark: _Toc509392273]Figure 3-1‑0‑7: Total energy accumulative min value (Marcus. M, 2018) (Microsoft excel, 2017)
      The maximum and minimum values has to be added (ignoring the minus), as shown below:
110.87+6.02= 116.89 Mj 
The author would require a battery which supply the required energy plus also have the spare energy to keep the buggy running in excessive use without getting flat. The author has decided to choose the Eaton 130F super capacitor, as shown in the figure below. The super capacitor has the lifetime expectancy of 1500 hours at 65 degrees Celsius, with minimum operating temperature of minus 40 degrees Celsius and maximum temperature of 65 degrees Celsius with the plus tolerance of 20 percent. The super capacitor efficiency has be recorded at 98 percent. With a life of 20 years. 
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[bookmark: _Toc509392274]Figure 3-1‑0‑8: Image of the super capacitor used by the author (Mount, 2018)
The following calculation show, how super capacitor is ideal for this buggy.
  Capacitance of the capacitor is 130F, this needs to be converted in to amp/h.
1F=2.25 amp/h
1302.25= 293amp/h
Capacitor voltage: 62.1V dc
62.1 293= 18,195 watts/h
In order to convert the watts/h into joules (Batteryweb.com, 2018), the following calculation has been carried out:
18,195 60 60 = 65,502,000 = 65.5Mj 
The required energy for the buggy is 116.89Mj. In order to find out the number of super capacitors required, the author has carried out the following calculation:
 Number of super capacitor needed = Required energy (Mj)  Super capacitor (Mj)
Number of super capacitor needed = 116.89   65.5 = 1.78458015 = 1.78 = 2 super capacitor 
In order to provide the enough energy to the buggy, 2 super capacitor are ideal, however the author has chosen to equip the buggy with 4 supper capacitors, and this is to provide enough energy to the buggy and to provide spare energy for the buggy. By have double the super capacitor, this will ensure that the buggy will not go flat and provide enough power and energy. 

[bookmark: _Toc509392288]Chapter 4
4.0 [bookmark: _Toc509392289]Results and Analysis
The figure below shows the positive power against average power against time graph. 
[image: ]
[bookmark: _Toc509392275]Figure 4-0‑1: Positive power Vs average power Vs time graph (Marcus. M, 2017) (Microsoft Excel, 2017)
From the graph above, it can been seen how the power requirement change during the course of the track. The maximum power required came at 84s which came to 18.78Kw. 
The figure below shows the total energy drawn from battery (Mj) against time.
[image: ]
[bookmark: _Toc509392276]Figure 4- 0‑2: Total energy drawn from battery bar graph (Marcus. M, 2018) (Microsoft Excel, 2017)
From the graph above it can be seen the initial charge the batter has prior to use, as the power (Kw) increase the buggy draws the required energy from the battery to power the buggy. The energy level decreases. As the buggy power decrease the battery is being charged which is shown by the negative values on the graph (Ross, M. and Wu, W, 1995). As the soon at the driver requires more power and press the accelerator, the battery is charged and is back at 4.82Mj ready to be used. The graphs also show the maximum power (18.78Kw), the total energy drown from the battery is (-13.40Mj). By looking the pattern, the author believes that the graphs are accurate and can be used in the future.   
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[bookmark: _Toc509392277]Figure 0‑3: Total energy drawn accumulative (Marcus. M, 2018) (Microsoft Excel, 2017)
The graph above shows the total energy drawn accumulative (Mj). The graph shows the values start from zero and finishing at zero energy drawn. The graph shows the energy drawn to power the buggy during the course of the track. From this graph the ideal capacitor has been chosen by the author.  
During the use of the batteries, the batteries temperature will increase. This will not able the batteries to function at the optimum level and the batteries could become very dangerous at higher temperature. In order to reduce the risk, the author has researched the three common battery thermal management methods used by the automotive industries, to prevent the overheating of the batteries. Method one, explain convection to air passively or forced. Method two, states the batteries can be cooled by flooding the batteries with the oil known as the dielectric, the oil is then pumped out to a heat exchange system. Method three states, cooling the battery structure by circulating a water based coolant through the passages within structure, this method is called cooling by circulation (Avidtp.com, 2018).





4.1 [bookmark: _Toc509392290]Cost table
[bookmark: _Toc509392278]Table 1: Cost table (Marcus. M, 2018)
	Items
	Quantity
	Price exuding VAT (£)
	Price including VAT (£)

	Engine (HP*, 2018)
	1
	830.18
	969.48

	Motor with:
Controller
Throttle
Contactor
Wire kit
Fuse block 
(ME0708 Drive Kit with Motor, 2018)
	1
	670.55
	931.15

	Generator (Generators-direct.co.uk, 2018)
	1
	1024
	1280

	Super capacitor (Mount, 2018)
	4
	6067.96
	7281.56

	*Battery chiller (Hanonsystems.com, 2018)
	
	552
	690

	*Sevcon ClearView CANopen Display (Sevcon ClearView CANopen Display, 2018)
	1
	222.94
	278.68

	Total price
	
	
	11,430.87



According to the ‘Capacitor guide’, it state how maintaining the right temperature for the capacitor is very important. In order to make the vehicle safe to drive (Capacitorguide.com, 2018). The author has purchased the following items to improve the safety of the vehicle.  
*Battery chiller: A battery chiller is a product developed by the Hanon system company, it is a safety feature, which the author believes it is necessary. The battery chillers system us a compact plate to plate heat exchange system. The system transfers the thermal energy given off by the battery coolant loop to the battery chiller, this is done to prevent the batteries overheating. The main advantage of this system is that the batteries will maintain the optimum temperature during the uses. This system also improves the battery performance and durability by cooling the circuitry deliver uniform cell (Hanonsystems.com, 2018).
[bookmark: _GoBack]*Sevcon ClearView CANopen Display: The author has purchase this display, this is another safety feature which is necessary for to buggy to be equipped with. This display system will show, the batteries temperature, from this the driver will know when to stop the vehicle and allow the batteries to cool down. This feature will also tell the efficiency of the batteries.   
[bookmark: _Toc509392291]Conclusion 
The item purchased by the author, are ideal for the purpose of the buggy. The author has also looked at the safety factor of the cooperative day, making sure the driver feel safe and comfortable during the day. Although the buggy is now safe, the drive can still have great time during the time on the tack, the buggy has extra batteries which provide the extra energy if required. All the calculations and graphs used in this report have been carried out using the estimated weight of the buggy with two people. In recommendation, In order to further improve the duty cycle the author will change the weight in order to obtain the accurate forces applying on the buggy. After the weight has been changed it would then provide the accurate values in order to carry out the calculations to obtain more accurate graphs for this report. 
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Engine specification 
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Motor specification 
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Generator specifcation 

Manufacturer:	HGI
Product Code:	HRP60D-FL
Continuous KVA:	7.50 KVA
Maximum KVA:	7.50 KVA
Continuous KW:	6.00 KW
Maximum KW:	6.00 KW
Sockets:	2 x 110v 16a, 1 x 110v 32a, 2 x 230v 16a, 1 x 230v 32a
Fuel Type:	Petrol
Run Time:	8.00 hours
Noise Level:	72 dba @ 7m
Weight:	80.00kg
Width:	520mm
Height:	540mm
Length:	685mm
Fuel Capacity:	19.00L
Starting Method:	Recoil
Frequency:	50Hz
AVR:	No
ATS:	No

Super capacitor 
[image: ]
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3.0 Methodology
In this section the author will provide the calculations and examples on how o calculate the speed in
rpm (with calculated final drive) and rad/s, torque and the total energy drawn from the battery.

3.1 Calcuations

Atfirst, the author has calculated the positive power (w) from the spreadsheet, the total value came
t0 646387w. The total positive power will then be divided by 1205 (duration of the track). The
average power came to 5387w. The average power in watts has to divide by 1000 in order to achieve
the average power in kW, the average power came to 5.387KW.

In order to calculate the speed in rpm the motor max rpm will be required. The author has chosen
the MEO708 motor with controller, throttle, contactor, wire kit and fuse block, as shown in the figure
below. The following calculation shows the rpm calculated by the author.
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