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1.0 Abstract
Covering the conversion of an internal combustion engine powered buggy into a series hybrid run buggy multiple components have been added such as electric motors and controllers along with an upgraded battery pack and a downsized engine. This has been done in order to improve the fuel consumption of the buggies used by this company and to reduce their long time spending on fuel. This system has been theoretically built onto a high performance off road buggy which uses an average power of 25.9kW and includes the calculations in order to determine suitable parts to reach the demands that occur throughout 1 lap of a moderately intense course experiencing multiple terrains. A 2 motor system for the rear wheel drive buggy has been completed with a small weight gain of 4.28kg and features the parts that were able to cope with the high demands.


2.0 Introduction
This report goes into the development of a series hybrid system to be incorporated into a buggy used for corporate fun days with the buggy of choice being the Vigilante Off Road, a 2 seater high performance buggy which is used for demanding terrain. In a previous report the duty cycle selected was based on what the buggy will experience going around the designated track and multiple forces, speeds and resistances were calculated to understand the requirements the buggy will need to be able to complete the course. From these a suitable system can be designed and be priced up for the company as well as understanding the benefits a hybrid buggy brings for fuel consumption.
















3.0 Series Hybrid System 

Series hybrid vehicles are powered primarily from the electric unit but incorporates an internal combustion engine (ICE) as a backup and a continuous energy supplier into the battery. These were intended has a step towards electric vehicles without committing to fully electric for the population that wish to go green but have performance doubts or concerns with the new technology. The ICE isn’t directly connect to the wheels as the motor powers these and therefore the engine can run at a limit RPM, usually around its highest efficiency to maximise the fuel consumption of the ICE.
These are becoming popular due to the banning of new petrol/diesel cars in 2040 as well as stricter emission standards and the general population wanting to save on fuel in order to reduce costs. Standard hybrids are continuously charging from the ICE whilst driving whilst Plugin hybrids introduce the charging aspect of electric vehicle from a mains and these increase electric mileage and reduce fuel consumption but tend to be expensive and limit to area suitability depending on the charging facilities available. 
As shown in Fig 3.0 a series hybrid works by producing power via the ICE which is converted into electricity to be stored in the battery through the charger, this electricity then powers the motors to mechanically drive the car. Under braking the system is reversed and the kinetic energy that was used to operate the motors is converted back into chemical energy to be stored in the battery again, to then be used later on (Tesla, 2007).

[image: ]
Fig 3.0 (Joy.K, 2014)








4.0 System Specification 
The standard buggy specifications for the Vigilante Off Road are as follows:
	Engine
	1400 Honda (speed can be limited as required)

	Exhaust
	Stainless steel straight through

	Fuel
	Petrolcapacity (6 Gallons) Aluminium Tank

	Cooling
	Water with Aluminium Radiator

	Drive
	Rear wheels - Upgraded drive shafts
Limited slip diff optional

	Transmission
	Automatic PRESS & GO

	Brakes
	Disc Brakes all round
Mechanical handbrake (optional)

	Suspension
	Front Adjustable Mcpherson struts - A arm
 Rear Adjustable coil overs - Trailing arm

	Electrics
	Weather proof conduited wiring loom

	Wheels & Tyres
	ATV 25x8x12 Front
ATV 25x10x12 Rear

	Mudguards
	Plastic mudguards on all 4 wheels (optional)

	Controls
	Key start or Push button (optional)

	Lights
	Front Headlights (optional)
Rear stop (optional)

	Seats
	Bucket seat (different colours available)

	Seat Belts
	4 Strap 3 Point Harness

	Buggy colour
	Red - Blue - Black - Green - Grey - Yellow















Table 4.0 – Vigilante Off Road Specifications (Blitzworld)
	Length
	 3000 mm
	 o/all

	 Width
	 1700 mm
	 o/all

	 Height
	 1570 mm
	 with 12" ATV tyres 

	 Ground Clearance
	 250 mm (10")
	 Lowest point (diff)

	 Suspension Travel Rear
	 450mm (18")
	 adjustable 

	 Suspension Travel Front
	 150mm (6")
	 adjustable

	 ATV 12" Wheels
	  640 dia tyre
	 o/all 

	 Weight (unladen)
	 500kg
 660kg (+2 people)
	 Diesel Engine


Table 4.1 – Vigilante Off Road Dimensions (Blitzworld)

As this buggy is a standard internal combustion engine buggy a hybrid system will be added to it that can withstand the powers and requirements this buggy experiences during a lap on the track. A series of calculations have been carried out and the key requirements of this buggy are listed below:
· Average Power = 25.9 kW
· Max Power = 50.36kW
· Max Velocity = 35mph (limited) / 15.646ms¯¹
· Max Tractive Force  = 3755.268N
· 350RPM at the wheel @15.65ms¯¹
· 1694.79 Kw used from battery / 1650.53 Kw supplied to battery from ICE

4.1 Engine
The current Honda engine will be switched out for a smaller bike engine as it is no longer the only main power source so isn’t necessary to have an overpowered engine but instead an engine that supplies the average power is sufficient. This downsizing will also run as a more efficient engine which improves fuel consumption as well has saving weight to cancel out the weight of added components. 
             The selected engine is 0.8L, 4 stroke L-twin from the Ducati Hypermotard 796. It has a max power of 59.6kW which will supply plenty of charge over the course and will also allow for quick charging during high demand in high speed hill climbs. It has an incorporated P400 generator which has a peak power of 160kW.is said to run at a 96% efficiency so 24.864kW of charge will enter the battery from the ICE out of its 25.9kW average power input.
[image: ] Ducati Hypermotard Engine (Fig 4.1.0)
4.2 Battery
The selected battery is the GB8 48V Li-Ion which is the combination of 4 12V batteries. It has an overall storage of 7mJ calculated from the following:

1920 x 60 x 60 = 6,992,000mJ
                   = 6.992mJ
Batteries in the use of electric vehicles are suggested to not discharge below 30% of the total capacity which for this battery is 2,098mJ. Over the course the total power taken from the battery is 1694.79kW /kJ which means there is sufficient supply to last the course even without the use of ICE regenerative energy, meaning the ICE doesn’t have to be run constantly for the buggy to last the course and can be turned on periodically to charge up the battery. It could easily be charge by driving around on the flat field to charge as that would require less output from the battery and this will further decrease fuel consumption. With a large capacity it also means it will last longer from its natural discharge that batteries experience with use, this one being 3% monthly or 2kJ a month. This battery comes with a compatible charger, GBS 48V 15A Charger as a package
[image: ]Fig 4.2.0 demonstrates when and by how the battery is being charged by the ICE as well as being drained to power the motors above the average power. 
Maximum charge = 25.1kW
Maximum discharge = 26.1kW


Battery Charge and Discharge (Fig 4.2.0)
4.3 Motor
The chosen motor is the EV DLC – 208 brushless motor which is a 38kW peak, 12kW continuous 4 Pole magnet. Brushless was chosen due to its lower maintenance needs due to less contact and therefore less friction/wear and a 4 pole was chosen over a 2 pole in order to reduce the torque ripple. As the buggy is rear wheel drive there will be 2 motors in the system, one for each rear tyre and this motor has sufficient torque to drive the tyres as required and with 14Nm of excess torque available it can provide the necessary torque after friction/transfer loses. The formula for required torque is demonstrated below:

Rolling Radius: 0.3m
Max Velocity: 15.65ms¯¹ 
Max Tractive Force: 3755.68N
Circumference: π x 0.6 = 1.885m
Motor RPM: 6500
Motor Max Torque: 101Nm

    
                  = 498.14 RPM at wheel


Final Drive Ratio = 13:1

Nm @wheel

The required max torque for the motor is 86.67Nm and it can deliver 101Nm making is a suitable for this buggy. The selected motors run from DC and can operate with the voltage from the battery and therefore convertors are not necessary.









4.4 Controller
Controller of use will be the Alltrax SR-48500 12-48V / 500A which is designed to run with permanent magnet motors which are used in series. It was the recommended controller with the motor and operates with the battery output. Fig 4.4 shows the efficiency ranges for the motor and controller
[image: ]
Efficiencies - Fig 4.4.1 (YASA, 2017)
Motors in general are more efficient when running at higher speeds and our chosen motor is most efficient when running between 75Nm - 100Nm (max) torque and 5,500RPM – 6,500RPM (Max). These values are experience when the buggy is travelling 29MPH with calculations to follow


Initially  

Reversed Calculated

 


The buggy is running in this velocity range for an estimated 1/3 of the time during one lap (180 seconds / 660s). 



5.0 Preliminary Costings

	Part
	Quantity
	Price Each 
	Total for Parts

	Engine
	1
	£995
	£995

	Battery
	1
	£1,229
	£1,229

	Motors
	2
	£1,055
	£2,110

	Controller
	2
	£423
	£846

	
	
	
	£5,180



For each buggy to be converted into this hybrid system it will cost £5,180.
5.1 Wight Comparison 
	Part
	Weight (kg)

	Honda 1.4L Engine
	-176.922

	Ducati 0.8L Engine
	140.6

	Battery
	6.6

	Motors
	31.6

	Controllers
	2.4

	
	4.278 Gained



An added 4.278kg has been added to the vehicle which wouldn’t have significant performance disadvantages and has the system have components with excess stats than its max requirement then the system can cope with this extra weight to those used in preliminary calculations. As stated before downsizing the engine has saved 36kg in weight which would lower performance slightly. 

6.0 Conclusions 
This is theoretically a suitable hybrid system as it can supply the requirements from the buggy along with extra available which may be needed if the mass of the buggy increases (due to its drivers/passengers) as it cannot be perfectly predicted. The mass is based on the buggy’s mass and the mass of the average UK man (80kg). These extra values also will be able to cope after frictional losses are considered. The price for the entire system to be purchased is £5,180 which is a reasonable price for a high performance buggy which has large power demands with a small weight gain of only 4.3kg.
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