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[bookmark: _Toc34833631]1) Introduction
This report discusses the options of changing the former 140 horse power Honda petrol engine buggy into a series hybrid buggy for the corporate entertainment event. In the report, all parts of the hybrid drivetrain will be discussed and valuated from the engine to the motor and controllers. These will be decided by looking at the power values on the excel spread sheet created from the track using the resistance values along with the power values. Along with these the final drive for the vehicle will be decided by looking at the maximum velocity value of the rear wheel and converting it to the speed of the motor at its highest efficiency. Whilst adding the parts to the vehicle, the efficiency losses of each part will be calculated with estimated values given by the suppliers. Converting the vehicle into a series hybrid will have its cost implications as the automotive hybrid parts are very expensive as they are still being worked on by engineers. 

















[bookmark: _Toc34833632]2) Series Hybrid Technology
[image: Image result for series hybrid design]The series hybrid version uses two power sources linked together with only one of the sources linked to the drivetrain. The sources used are an electric motor to deliver the power while the ICE (internal combustion engine) produces electric power to drive the motor, via a generator. The excess power generated is then stored in the battery pack separately. In this case, the ICE is decoupled from the driven wheels and can be operated in the maximum efficiency region mostly (Ehsani, 2004).    [bookmark: _Toc34779352]Figure 1 - Series Hybrid System (Parker Hanifin, 2014)

When comparing the series hybrid to the parallel hybrid design the series hybrid design can achieve better fuel efficiency and a higher reduction in emissions, as mentioned by Hannifin (2014). Parallel hybrid designs are usually mechanically complex and they also require a larger ICE, transmission and mechanism, to allow both motors to be coupled to the drive axle. Because the series hybrid design isn’t connected to the ICE and the vehicles drive train, it allows the ICE to run at optimal speeds resulting in more efficient, smaller engines due to the demands of acceleration being provided by the stored power. Energy saving is also an advantage of the series hybrid design as the vehicles momentum allows the traction motor to act as a generator, providing braking torque to the wheels and then back to the batteries as extra stored power (Hanifin, 2014). In contrast, Ehsani (2004) states that there are some negatives to the series hybrid design. These include the fact that the system requires a generator and that there are high amounts of power installed in each component. Along with these, the system is known to be more expensive than the parallel system because the energy is converted twice between the ICE and the drive wheels (Ehsani, 2004).     
[bookmark: _Toc34833633]3) Series Hybrid Parts
[bookmark: _Toc34833634]3.1) Final Drive Ratio
In order to work out the motor and battery needed for the conversion the first step of the process is to work out the final drive ratio for the buggy, as can be seen below; 
Rolling radius of the vehicle = 0.35 m
Rolling circumference = 
Revolutions per minute of the back wheels at the maximum velocity; 


Therefore if the rear wheels are turning at a maximum rate of 228.57 rpm and the motor is turning at a rate of 2000 rpm at full efficiency, the final drive can be calculated below; (Emrax, 2020)


From here the losses of the belt drive can be calculated. Warner (2017) states that belt drives have an efficiency of 95% when new therefore, if the wheels are turning at 228.57 rpm at 23kw and loosing 5% efficiency; 

 (Warner, 2017)
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[bookmark: _Toc34833635]3.2) Motor and Controller
[image: ]The motor chosen for the application is the Emrax 188 model, this was chosen because of its continuous power level of 30 Kw and torque of 50 N/m along with its lightweight and compact shape being only 7.3 Kgs. At maximum output the motor is powered by a 110 Volts DC supply at 6500 Rpm but  (Emrax, 2020). The buggy runs at 21.85 Kw of power for only 1 to 2 seconds therefore maximum power is not needed for so long but the efficiency of the motor will allow the buggy to do many laps before having to re-charge.   [bookmark: _Toc34779354]Figure 3 - Power curves of the Ermax 118 series motor (Ermax.com)


Looking at the figure above it shows that the motor is capable of a continuous power of 30Kw which is much more than the buggy needs therefore it is capable of doing the work needed for the track and event. As stated by Emrax (2020), the efficiency of this specific motor is 92% therefore, taking another 8% out of 21.85 Kw (Emrax, 2020); 






The motor controller that is being put into the buggy along with the motor is a Sevcon Gen4 S2 controller due to its capabilities of 8 digital inputs and 2 analogue inputs along with plenty more benefits. The controller is also able to fit into small tight spaces enabling it to be better protected from the weather. It has controllability at 48 Volts and has a multiple motor feedback options allowing the user to get the best reliability out of the vehicle (Electric Motorsports, 2016). 
According to Laskay (2015) the motor controller has an efficiency of 95% allowing the power to be reduced again before reaching the Internal Combustion Engine (Laskay, 2015).




















[bookmark: _Toc34833636]3.3) Energy Storage 
The motor requires a 110 Volts DC supply when revving up to 6500 Rpm. Even though the motor will never be around this rev range the power supply will still need to be up to specification of the motor company (Emrax, 2020). Because of this the battery pack that will be used is the GBS 12.8 Volt/100 Amps per Hour pack of 4 but because the output is 110 Volts the buggy will require 9 of these battery packs for the application. The batteries capabilities are 14.4 Volts therefore the storage system has been over engineered (Electric Motorsports, 2016). 
A spec sheet of the battery pack is listed below, specified by (Electric Motorsports, 2016);
- Nominal Voltage: 12.8V (4X 3.2 V)
- Nominal Capacity: 100 Ah
- LiFeMnPO4 chemistry
- Operation Voltage Range: 11.2 to 14.4V
- Max Charging Current: 3C
- Max Discharge Current: 3C (continuous) / 10C (pulsed)
- Cycle Life : >1500 (80%DOD)
- Operating Temperature: -20 to 65 C or -4 to 149 F
- Charging Temperatiure Range: 0C to 65C
- Discharge Temperatiure Range: -20C to 65C
- Self Discharge Rate: <3% monthly                                  (Electric Motorsports, 2016)








[bookmark: _Toc34833637]3.4) Generator
The generator that will be fitted into the buggy is a Bosch Gen3 generator that has been used within the production of hybrid cars since 2016. It is 20% lighter than the previous model and has an efficiency of 95% when regenerating mechanical power into electrical power (Bosch, 2020).
If the generator has an efficiency of 95% then;




[bookmark: _Toc34833638]3.5) Internal Combustion Engine
The engine chosen for the buggy is a Toyota 3 cylinder 1.0 Litre that produces a maximum power of 51Kw at 6000 Rpm which is more than enough for the corporate event track and running most efficiently at 2000 Rpm (Toyota, 2019). This was chosen because of its high efficiency, with a new low friction timing belt fitted with an auto tensioner. The friction losses are also decreased by implementing new diamond-like carbon valve lifters and a twin tank oil sump. Another reason for choice is that the engine has been made even lighter with a built in exhaust manifold inside the cylinder head (GreenCars, 2014). 
Auto Express Team (2019) also state that this newer version of the engine has better combustion efficiency and optimised gas flow. Adding to this, it also has better CO2 outputs as it comes with an EGR and a freer-flowing catalytic converter (AutoExpress, 2019). 






[bookmark: _Toc34833639]4) Cost Implications  
Converting the buggy into a hybrid vehicle will be a very costly procedure as the different parts are highly priced when bought separately. The price list for each component is listed below
· Motor - $4000
· Controller - $575
· Batteries - $662 each x 9 = $5958
· Generator - $800 (average)
· Engine - $600 (average) 
· Total cost of – $11,933 (without labour and added accessories) 








    






[bookmark: _Toc34833640]5) Conclusion
Converting the buggy into a series hybrid vehicle requires a lot of work made up of complex parts that make the system work. The initial speed of the rear wheels are low in comparison to the speed of the motor and so are the power values concluding that the motor is over engineered for purposes such as safety and reliability. Another aspect of the vehicle that is slightly over engineered are the batteries, the battery pack has an initial voltage of 115.2 Volts but each pack of 4 can output an extra 2 Volts therefore another 18 Volts when there are 9 packs. 
Concluding efficiency losses it clearly shows that the losses in each part are minimal compared to thermal efficiency losses within an engine as Sheehan (2018) states that Toyota developed a 40% thermally efficient engine where the values of the hybrid parts are nowhere near (Sheehan, 2018). Along the whole system the losses add up to 23% throughout concluding that the series hybrid system is very efficient.  
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