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[bookmark: _Toc509493132]1.0 Abstract 
Within this report a selection of modifications will be picked to change the buggy from being powered by an Internal Combustion Engine (ICE) to a series hybrid vehicle. Research into how a series hybrid works while under load and when coasting and decelerating has been researched and will play into the design of the system. Overall costings for this project have also been calculated along with how much weight has been added to the vehicle. 
[bookmark: _Toc509493133]2.0 Introduction
During this report we will be taking our initial duty cycle findings from the previous report and modifying the buggy selected to be a series hybrid vehicle. Research within alternative series hybrid technologies will take place finding a suitable, motor, generator, controller, energy storage device and final drive solution. Recommendations of how it will be fitted to the vehicle along with overall costings to convert the vehicle to a series hybrid will be taken into consideration. 
From fitting these systems upon the vehicle the previous excel work book will be used to find the peak power so that a suitable motor generator can be found within its limits with the excel work book being modified to include the new system. The plan for the buggy is to keep it 4 wheel drive. 
[bookmark: _Toc509493134]3.0 Series Hybrid Systems
For this buggy we will be looking at modifying the drive to become a series hybrid. A series hybrid is a system which uses electric motors to power driven wheels. This system works by using an ICE to power a generator which will then power the battery pack that then powers the electric drive motors. The engine itself isn’t coupled to the wheels meaning that the engine can work at its most efficient RPM to provide the highest available charge for the storage system. This means that the vehicle can work with assistance of the ICE engine or from the stored energy from the battery packs. 
An example of how this system would work for this vehicle is as follows within figure 1 & 2. While under load in figure 1 the ICE will work at it’s most efficient operating point to operate the generator and send the power generated to the charger. When battery voltage is dropping the charger will then charge the battery pack respectively. When the throttle pedal is depressed and the vehicle is accelerating the controller will drain power from the storage system (battery pack) to power the motors. The motors will then drive the final drive that is attached and drive the wheels. 
While the vehicle is coasting or decelerating energy will be recovered from the motors at the driven wheels. This energy will then be fed back through the controller and then back into the storage system. The charging unit can either charge the storage or cut off any remaining power from the ICE generator to allow recovery from the motors. 

Figure 1	 System under load 		  	  Figure 2 System under Braking / Coasting
[bookmark: _Toc509493135]4.0 Initial Findings 
Before any parts were picked it’s important to know the specifications of the vehicle before any modifications. The specifications of this vehicle were found upon the blitzworld website. The use of the excel document from the previous report was used to find the average and the maximum kilowatts which was produced by the engine. As well as that a calculation was made to find the weight of the vehicle with the average weight of two people. The following information about this vehicle is found within Table 1. 
	                                                                 Quadzilla z8  Specification 

	Engine type
	V-Twin, 4 stroke, 8 valve

	Engine Size
	800cc

	Wheel Size
	14Inch 

	Weight Of Vehicle 
	516kg (with 5L of fuel) 

	Weight Of Vehicle with 2 passengers 
	740kg (with full tank 27L of fuel) 

	Maximum Kw
	27.9kw

	Average Kw
	7.91kw

	Maximum Torque
	72Nm @ 6200rpm

	Price 
	£8,995.00


Table 1 


[bookmark: _Toc509493136]4.1 Final Drive Ratio 
Before any parts were picked it was import that we found the final drive ratio so that a suitable motor can be picked. To find this we would need to know the amount of revolutions per second that the wheel makes while at max velocity. To get this initial finding we will have to find the tractive force. To find this we use the following equations: 

In practice the tractive effort comes out as follows: 

Now that we have the tractive effort as 4937.41N, it`s possible to find the tractive force from the use of this equation: 

In practice this equation is as follows: 

Now that we have the tractive force of 3303.41N the circumference of the wheel will be calculated:


Now that we have the circumference of the wheel we are able to find the rev/s and the maximum RPM.  


From knowing the rev/s we can then convert into RPM. 

[bookmark: _Toc509493137]5.0 Selection of parts 
From the use of our initial findings we will now be able to find the suitable parts that will not only allow the vehicle to get around the course but also increase the vehicles efficiency. A list of required parts include: 
· Motors
· Controller 
· Final Drive
· Batteries
· Charger 
· Axillary equipment 
[bookmark: _Toc509493138]5.1 Selection of Electric Motors
[image: ]Electricmotorsport.com 
A wide selection of electric motors are currently available on the market which would be suitable for the purpose of modifying the vehicle. The two main types of motors that are available are brushed and brushless motors. Both of these motors are available in DC and AC current forms for a system like this we will be focusing upon DC motors. Below in table 2 are the advantages and disadvantages of brushed and brushless motors. 
	                                    Brushed 
	                                  Brushless

	Advantages 
	Disadvantages
	Advantages
	Disadvantages

	Cheaper
	Brushes wear out 
	Quieter
	Higher Cost

	Simplified wiring 
	Friction from brushes impedes performance
	High Efficiency (85-90%)
	Controller is needed

	Simplified controllers
	Loud electromagnetic noise
	Longer Lasting
	

	
	Lower efficiency (75-80%)
	Less maintenance 
	

	
	
	High speed ranges
	


Table 2
From these advantages and disadvantages the best type of motor suitable for the buggy would be a brushless motor. The reason for this is that it’s long lasting, quieter and requires less maintance.  From this knowledge a variety of electric brushless motor will be sourced from to find a suitable one which will be able to work with the existing findings. 
From the use of the website electricmotorsport.com a motor was selected that would be suitable enough for the off road course. Below in table 3 are the specifications of the motor which will be used. 
	                                                            DLC-20 Liquid Cooled Brushless Motor  

	Efficiency 
	92%

	Weight 
	15.8kg 

	Continuous Output Power 
	12kw 

	Peak Output Power
	30kw 

	Peak Torque
	101.68Nm

	Maximum RPM
	6500RPM 

	Price Per Motor
	£985

	Liquid Cooling Kit
	£272

	Total Price
	£1257


Table 3 Electricmotorsport.com 
The reason why this motor has been picked is for these main reasons. The first being its continuous output power more than what is required to get around the course at 12kw compared to 7.91kw. Also the peak output of the motor is at 30kw where the engine is at 27.9kw. Four of these motors will be used with one on each wheel. As well as that one of these motors will be directly attached to the engine as a generator.  
[bookmark: _Toc509493139]5.2 Controller
[image: ] Electricmotorsport.com
A controller has been picked in relation to the motors and battery which have been picked.  Below in table 4 are the specifications of the controller. 
	                                                               Alltrax SR-72500 12-72V / 500a

	Weight 
	1.73kg

	Maximum Amps
	500a

	Operating Range
	12-72V

	Price 
	£522.98


Table 4 electricmotorsport.com
Four controllers will be used for this system with each motor receiving a controller. This will limit voltage and amps in which the motors will receive. 
[bookmark: _Toc509493140]5.3 Final drive ratios 
As we have the knowledge of what motor we are using we are now able to pick a final drive solution to power the wheels. Via the use of electric motorsport a chain drive type design will be used in the ratio of 10.94:1. How we got this ratio is by dividing the maximum RPM of the motor which was picked and the Maximum RPM at the wheels. A sprocket for the wheel, chain and a drive sprocket will be chosen as a drive.
[bookmark: _Toc509493141]5.3.1 Chain
The specifications for the chain is as follows below in table 5.
	                                                              420 Motorcycle Chain 120

	Links 
	120

	Price
	£24.74

	Weight
	2.1kg 


Table 5 electricmotorsport.com
[bookmark: _Toc509493142]5.3.2 Wheel Sprocket  
Specification of the sprocket is as follows in table 6.
	                                                                     Aluminium Sprocket 

	Teeth 
	44

	Weight 
	4kg 

	Price 
	£88.34


Table 6 electricmotorsport.com

[bookmark: _Toc509493143]5.3.3 Drive Sprocket 
A drive sprocket has been chosen in table 7 with the ratio needed to drive the wheels at its maximum RPM. 
	                                                                              Drive Sprocket

	Teeth 
	11

	Weight
	1.5kg

	Price
	£13.17


Table 7 electricmotorsport.com
[bookmark: _Toc509493144]5.4 Selection of Battery
From using the previous excel document a calculation was created to find how much kw of power is used while travelling around the track. Below in graph 1 shows the findings from a lap around the track.
Graph 1
From the use of these findings we know that the maximum discharge of the battery is 21.895 volts. This means that we would need 4 sets of batteries which will be able to cope with the maximum load applied to the vehicle. One for each motor. The batteries themselves will be used in parallel.  Below shows a table 8 of a battery which will be suitable for this vehicle.
	                                                                      Li-Ion Battery Pack

	Number of cells per battery
	6

	Amp hours
	60Ah

	Voltage per battery
	12.8v

	Maximum charging Current
	3C

	Weight per battery
	9.2kg

	Price for all 
	£2192.77


Table 8 electricmotorsport.com


[bookmark: _Toc509493145]5.5 Charger 
As part of a battery package a 2.5kw 36-288v DC charger is compatible with the components which were picked so far. Below in table 9 includes the specifications of this charger. 
	                                                                    ELCON PFC2500 Charger

	Charging Volts
	2.5kw

	Working Range 
	36-288V

	Efficiency 
	90-93%

	Price
	£600

	weight
	4kg


Table 9 electricmotorsport.com
[bookmark: _Toc509493146]6 Weight of Components
As we are making this vehicle a series hybrid, multiple mechanical components of the vehicle can be removed to reduce the weight of the vehicle. Currently the vehicle weighs 740kg with 2 people and a full 27L of fuel in the tank. Below is the maximum weight of the vehicle and all of the parts found in table 10.
	Parts
	Weight (kg)
	Overall Weight (kg)

	Vehicle weight 
	740kg 
	740kg

	Front and Rear Differential Removal 
	50kg
	690kg

	Prop shaft Removal 
	30kg
	660kg

	Motors (x4)
	63.2kg 
	723.2kg 

	All Trax Controller (x4)
	6.92kg
	730.12kg

	Chain (x4)
	8.4kg 
	738.52kg 

	Drive Sprocket (x4)
	16kg
	754.52kg

	Wheel Sprocket (x4)
	6kg
	760.52kg 

	Batteries (x6)
	55.2kg
	815.72kg 

	Charger 
	4 kg
	819.72kg 


 Table 10 
From these finding the buggy will weigh an extra 79.72kg with all of these modifications added to the vehicle. 
[bookmark: _Toc509493147]7 Overall Costings 
Below shows table 11 which includes the overall cost of the vehicle along with all the required parts needed to make the vehicle into a series hybrid vehicle. These parts include the motors, controller, final drive, storage system, charger, generator and any auxiliary equipment. All prices include VAT. 
	Parts 
	Cost
	Overall Cost

	Quadzilla Z8 4x4 Buggy 
	£8,995.00 
	£8,995.00

	Motors (x4) 
	£5028 
	£14,023.00

	AllTrax Controller (x4)
	£2088
	£16,111

	Chain (x4)
	£98.96
	£16,209.96

	GBS 72V Batteries
	£2191.77
	£18,401.73

	Wheel Sprocket (x4)
	£353.36
	£18,755.09

	Drive Sprocket  (x4)
	£52.68
	£18,807.77

	Charger 
	£600
	£19,407.77


Table 11
From parts alone for the company that reached out to us to complete their task the total cost of the vehicle and parts is overall £19,407.77. Modifications alone cost will cost £10,412.77. For an off road buggy of this type with a similar design blitzworld.com charges £30,000 before VAT mean that a system like so will be a viable option. The only costs which weren’t counted for were labour costs for installing the system into this vehicle. 
[bookmark: _Toc509493148]8 Conclusion
Overall the total costs of the modifications to the vehicle will cost £10,412.77 and will add an extra 79.72kg of weight to the vehicle. On the other hand components that have been added to the vehicle all have efficiencies of 80% and over meaning that in theory the efficiency of the vehicle has increased. Due to the design of the series hybrid system the motor can run at its most optimum efficiency to charge the batteries without them dropping to low levels. An example of an efficiency graph is as follows in figure 3. 
[image: ]
Figure 3 Techno-fandom.com
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