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Electric and Hybrid Propulsion Control
Series hybrid vehicle requirements 
Gwyddian Day (P147663) | Level 6 Automotive Engineering | 21/03/18

1. Introduction
With hybrid technologies becoming more attractive to manufacturers in recent years due to the benefits of emissions reduction, fuel consumption reduction and increased overall system efficiency. For the purposes of this report, a hypothetical business has approached to establish the possibility of implementing a series hybrid system to a off road buggy with the aim of using it for off-road recreational and corporate entertainment applications. The business would like some select information which will then enable them to decide whether or not to proceed with the project. The information required includes:
· Costings of implemented systems. 
· Potential fuel consumptions changes.
· Weight of the vehicle once system is implemented.
· Safety requirements 
2. Research 
2.2 series hybrids 
Series hybrid systems are one of two different type of hybrid configuration, the other being a parallel system. series systems function just as the name indicates in series it may observed in fig 1 that the road wheels and the I.C.E unit are not directly connected. Instead the I.C.E unit powers a generator which in turn provides power to a battery which is then sent to the controllers which regulate the power dependent on programmed parameters and finally depending upon the requirement of the vehicle during a typical duty cycle such as throttle position and vehicle speed will send the required power to either one electric motor which would send power to a differential and then the drive wheels or a configuration that would use one electric motor for each of the driven wheels. 
[image: Image result for series hybrid cars] (Fig 1)
2.3 DC/AC Motors
2.3.1 DC Motors
DC motors or direct current motors are used in situation where extreme control is required for short periods of time they operate at load speeds and are always single phase. 
2.3.2 AC Motors 
AC motors or alternating current motors operate are able to operate at much higher voltages than DC motors meaning that similarly sized DC motor whilst being able to provide a finer element of control but would not be able to match peak power readings of a 3 phase electric motor.
2.4 saftey requirments 
Due to the high voltages and currents present within a hybrid system specialist training and PPE equipment would have to be implemented into the maintenance department.

3. Technology Review
3.1 Advantages and disadvantges of brushed & brushless motors 
	Brushed Motor Advantage 
	Brushed motor disadvantage 
	Brushless motor advantage 
	Brushless motor disadvantage 

	Simple design 
	Higher maintenance requirements ad brushes wear
	Low maintenance 
	High price 

	Cheaper 
	High noise due to constant breaking of inductive circuit
	Quieter 
	Require specialist controller 

	Higher maintenance requirements ad brushes wear
	Lower efficiency 
	High speed ranges 
	



4. Component selection 
4.1 GBS 96V 100Ah Li-Ion Battery Pack with EMUS BMS and Charger
[image: ] (Electricmotorsport.com, 2018)
To calculate the size of the battery needed to effectively run the motors through the duty cycle, an equation must be used utilizing values taken from the duty cycle. 

P = The maximum power output from the duty cycle.
V = The Battery Voltage stated in the specifications. 
I = The maximum current discharge.
The stated maximum discharge rate from the battery specifications is 300 Amp hours. The maximum power from duty cycle was noted as 23529watts and the specified battery voltage is 96V the maximum discharge current will be 245 amp hours. This validates the battery choice as the calculated discharge rate is lower than the specified discharge rate and therefore well within the specified parameters.

4.2 ME1202 Brushless Motor 24-72V, 6500 RPM, 10 kW cont, 24 kW pk, ATV / Golf Car / NEV Mount
[image: http://www.electricmotorsport.com/media/catalog/product/cache/1/image/9df78eab33525d08d6e5fb8d27136e95/m/e/me1202.jpg] (Electricmotorsport.com, 2018)

The motor selected meets the specifications from the duty cycle. As seen in the graph above with a calculated maximum power output of 23.52KW. Comparing the value and the 
4.3 Sevcon Gen4 110V 300A for Brushless PM Motors
[image: http://www.electricmotorsport.com/media/catalog/product/cache/1/image/9df78eab33525d08d6e5fb8d27136e95/s/e/sev_gen4_1_4.jpg] (Electricmotorsport.com, 2018)
This controller was specified to the battery and motor by the supplier. The controller limits the minimum and maximum voltage. Allows for programmable values to be inputted also utilizes CAN system in its basic function.
4.4 Hyundai HY8500 Hire Pro 7Kw Recoil Start Site Petrol Generator
[image: ] (Hyundaipowerequipment.co.uk, 2018)
The generator selected is a standalone devise and would not require the I.C.E to power it. This would allow for the removal of the I.C.E unit altogether reducing weight. As the unit stated weighs 80 KG and the average weight of a cast iron 650cc vtwin engine is over 100kg 
4.5 final drive solutions 
The buggy in question utilized a series of differentials and drive shafts to provide power to the wheels this solution is ideal for I.C.E units but is inefficient for hybrid use. The solution for greater control would be to mate one electric motor per wheel. This solution would remove any and all driveline components and reduce weight.
4.5.1 Final drive Ratio
Wheel radius = 0.2m 
Wheel circumference = 0.4 x π =1.25


) x 60 = 643.68 rpm 


Final drive Ratio = 10.1 : 1


5. System Specifications
	Component 
	Specification 
	QTY
	Price per unit

	Motor
	24-72V, 
24KW peak 
10KW continuous 
36 lbs 
Rpm 6500


	4
	£600.48

	Controller 
	48-150V
300A Max 
	4
	£349.69

	Generator
	7KW Max
115-230V
80 KG
	1
	£690.83

	Battery + Charger 
	100AH
96V
Weight 14.5 kg


	1
	£4756.56



6. Preliminary Costings 
6.1 Table of costings INC vat
	Component 
	N of Units 
	Price exl VAT
	Price Inc VAT

	Motor 
	4
	£2401.92
	£2882.30

	Controller
	4
	£1398.76
	£1678.51

	Generator
	1
	£690.83
	£829.00

	Battery 
	1
	£4756.56
	£5707.87


Total = £11097.68

7. Conclusions 
In conclusion the implementation of a series hybrid system is possible. Although with considerations to the additional components implemented on the buggy will have added an approximately calculated 80Kg the overall weight of the vehicle is the I.C.E unit was replace by the specified generator. The implementation of this system will increase the vehicle efficiency as the generator can operate in its peak efficiency constantly. 
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