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[bookmark: _Toc509492626]1.0 Introduction
In this assignment we will be specifying a series hybrid system that is to be fitted to the buggy that was tested in the previous assignment. In the previous assignment a duty cycle was produced in order to gather data from the buggy upon the forces produced when on track performing a typical hill climb circuit. With this data calculations were performed to find values such as the power required, rolling resistance, gradient resistance, power average too name just a few. In this second assignment we will be performing the same calculations on a series hybrid buggy system that will be chosen after performing research on each part of the buggy that is necessary. Graphs will be compared in order to see at the end of the assignment weather the system selected can provide the values that are required of the circuit.


[bookmark: _Toc509492627]2.0 Literature review
In this section we will review the possible choices for each part of the series hybrid buggy such as storage solution, generator, and motor and ICE that will provide power to the battery. We will also be conducting research upon how a series hybrid works and the differences between series hybrid and other types of hybrid technologies.
[bookmark: _Toc509492628]2.1 Series hybrid
A series hybrid system works differently to other hybrid system. In a series hybrid system the internal combustion engine is not connected directly the wheel of the vehicles. Instead a small ICE is connected to an electrical generator, typically a three phase alternator; the generator powers the electric motor while also charging the connected battery simultaneously. When there is a large power demand the motor begins to draw electricity from both the battery and generator.
Series hybrid systems can be assisted by KERS which helps with the efficiency by reducing the losses of the battery. The KERS works by supplying power during peak energy demand and recovering energy when the vehicle is under breaking. In doing this the battery life is kept charged at low speed and is emptied at top speeds. In doing this deep cycling of the battery is reduced and stress upon the battery is lowered. (autocaat.org, 2018)
[bookmark: _Toc509492629]2.2 Parallel Hybrid
A parallel hybrid system is powered by both the electrical motor and an ICE which are both connected to a mechanical transmission.  Due to both running simultaneously power distribution can vary between them meaning that maximum operation is utilized from both. In this system neither one or the other can run on their own they are both running consistently however the internal combustion engine can provide a boost in power when required in this configuration(autocaat.org, 2018)
[bookmark: _Toc509492630]2.3 Series Parallel 
In this configuration the ICE and Electrical motor are able to either power the vehicle together or one or the other this allows for a reduction in emission when desired as well as an increase in power should the ICE be needed for extra power. The problem with this configuration is the same with the parallel hybrid both systems are highly complicated which require more maintenance in turn raiseing the price of the vehicle adopting this system as well as this an increase in weight is unavoidable due to both electric and ICE needing to be connected to the engine where as in the series hybrid the ICE is connected to the battery and the battery connected to the electric motor meaning that only one connection is needed. (autocaat.org, 2018)




[bookmark: _Toc509492631]3.0 Systems specifications
In this section the hardware selected for the series hybrid will be shown with  justification along with the costs of the system:
[bookmark: _Toc509492632]3.1 Motor and Controller
[bookmark: _Toc509492460][bookmark: _Toc509492633][image: ]The motor selected for the series hybrid was the Curtis 1236SE-5621 HPEVS AC-9 Brushless AC Motor Kit - 48 Volt, the reasons for selecting motor are that it is more than sufficient in providing enough power to the wheels  by producing 27HP as opposed to the ICE buggy only producing 10hp this motor also produces significantly more torque at 95nm as opposed to the ICE with 17.6nm. These values suggest that the motor shall be more than capable of providing the max power needed for the duty cycle created in the first part of this assignment. This engine also only weighs 22.7kg as opposed to the ICE coming in at 233.6kg although we do need to consider that there are other component weights with the system that need to be accounted for the full weight of the system will be specified at the end of the specification section.  The Curtis 1236E-5621 costs £1740.(EV west,2018)

[bookmark: _Toc509492461][bookmark: _Toc509492634]Due to this motor being able to produce so much power and torque that isn’t needed for the job it will be performing a controller will be added in order to restrict the performance of the engine to make the vehicle more controllable. The controller I have selected is the HPEVS Curtis 1236e-5621 48V 550 AMP Controller – This controller is perfect due to being able to be set at the maximum output of 27HP should it ever needed to be raised that high the controller also comes with regenerative breaking as a feature . The controller has a rated power of 20kw and efficiency of 92% and costs £769(EV west,2018). EV west also states that this controller is perfect for such things as ATV’s.




















[bookmark: _Toc509492462][bookmark: _Toc509492635][bookmark: _GoBack]3.2 Battery
[bookmark: _Toc509492463][bookmark: _Toc509492636][image: ]


[bookmark: _Toc509492464][bookmark: _Toc509492638][bookmark: _Toc509492465][bookmark: _Toc509492637]The battery selected is the Tesla Model S Lithium Ion Battery 18650 EV Module – This battery was chosen to its competitive pricing while being able to provide sufficient amps of 750 to power the motor we have selected. This battery was also chosen due to its low weight and compactness. This battery also has a range of 200miles which would allow for a full days’ worth of use without the need to recharge throughout the working day should the buggy be in constant use. These batteries also have a rated usage of 100,000 miles at 85% usage price of this battery is £1117(EV west, 2018)











[bookmark: _Toc509492466][bookmark: _Toc509492639]Capacity: 232Ah, 5.3kWh
Height: 3.1 Inches
Width: 11.9 Inches
Length: 26.2 Inches
Weight: 55 Pounds
Bolt Size: M8 
Voltage nominal: 3.8V/Cell, 22.8V/Module
Charge voltage cut-off: 4.2V/Cell, 25.2V/Module
Discharging cut-off: 3.3V/Cell, 19.8/Module
Maximum Discharging Current (10 sec.):750 Amps


[bookmark: _Toc509492467][bookmark: _Toc509492640]3.3 Generator 

[bookmark: _Toc509492468][bookmark: _Toc509492641][image: ]The chosen generator is the Generac 5943 - GP7500E the generator comes with an included ICE that runs at 3600RPM at 7500 watts with a 9375 surge wattage. The rated amps on the generator are 31 AMP which should be more than sufficient at keeping our battery charged when in use.  The generator comes with a 8 gallon fuel tank that is able to run for 12 hours at half load this be more than sufficient for a full day’s use of the buggy. The Generac 5943 - GP7500E weighs 91KG and costs £692

[bookmark: _Toc509492469][bookmark: _Toc509492642]Modifications may need to be made to the generator in order to reduce room taken such as removing the wheels and metal bars currently that surround the generator itself. Once these are removed the generator should be easily placed within the buggy to be included in the system. 




[bookmark: _Toc509492643]4.0 Final drive ratio and costing 
To find the final drive ration of the vehicle we use the formula:

10/1.4 = 7.1 rev/s
7.1*60 = 426RPM
From here we have found the wheel RPM we can now use this to find the final drive:


3000/462 = 7:1 Final drive


[bookmark: _Toc509492644]4.1 Cost

Motor = £1740
Motor Controller = £769
Battery = £1117
Generator = £692
Total cost = £4318

Concerns for off road EV buggy
The main concern felt by myself is the safety of the user when using an electrical buggy in such harsh conditions that can occur during and off road hill climb event. Harsh vibrations may cause damage to delicate parts of the system. The exposure to the elements such as rain and mud are also cause for concern as we are using a lithium-ion battery as our power source although there are safety parameters within the battery itself to stop any malfunction the wear and tear of such harsh conditions may put the battery under a lot of strain which may bring about a premature end to the part or may cause it to become a safety hazard should the worst happen. Once again mentioning the harsh environment this could bring about much increase maintenance costs should certain parts of the system begin to fail due to this.




[bookmark: _Toc509492645]5.0 Conclusion
I believe the system proposed by myself is sufficient in performing well upon the duty cycle produced. The required power should be easily met and average power also the chosen motor is far superior in terms of specifications to the motor use in the petrol buggy however the controller added will bring the EV buggy to a more controllable level. The battery chosen is more than sufficient at providing enough energy to the motor while being able to run for over 200miles when at 85% capacity this should allow the buggy to be used for a full working day without the need of recharging. The generator selected is suitable at keeping the battery charged throughout the day should it be needed but with the extensive capacity of the battery the generator will likely be unneeded except in extreme circumstance.
In terms of emission we can see a dramatic reduction due to the efficiency of the parts used in this system with the generator not particularly needed at all. With this in mind it may be that a full EV buggy be developed with a sufficient battery capacity that would allow them to function for an entire working day and then left to charge overnight this would again further reduce emissions while providing an enjoyable experience.
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