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1. Introduction 

This assignment is looking at making an off-road buggy into a hybrid vehicle, to do this there are several things that need to be considered and researched:
A generator needs to be selected with a power capacity larger than the average power that the buggy will use going around the track.
An appropriate energy storage device that is suitable for the input and output power also needs to be selected. An electric motor is also required and should also come with a controller that is suitable for the application.  The final drive ratio will be calculated and costings of parts will be noted.



2. Technology review 

Hybrid electric vehicles, (also called HEVs) work to offer a more environmentally-friendly driving experience, they do this by combining a combustion engine with an electric motor.

Using a PMAC drive system kit is easier and cheaper than getting all the parts individually. The kits come with; a generator, an energy storage device and controller, and, a motor. 
The cost of buying these individually would be as follows:
	Part
	
	Cost ($)
	Cost (£)

	DLC-28 Brushless 15 kW Cont. / 38 kW Pk. Liquid-Cooled PMAC Motor 24-120V
	Motor
	$1,495.00
	£1055.31

	Sevcon Gen4 72-80V 550A for Brushless PM Motors
	Controller
	$1,195.00
	£843.54

	GBS 48V 40Ah Li-Ion Battery Pack with EMUS BMS and Charger
	Battery
	$1,739.53
	£1227.92

	
	
	
	

	The PMAC Liquid-Cooled Motor Drive System (15kW Cont. / 38kW Pk. 72/84V 550A)
	Kit
	$3,700.00.
	£2611.79



As we can see in this table it works out cheaper to get the kit and will also lead to an easier assembly on the buggy.
The PMAC Liquid-Cooled Motor Drive System (15kW Cont. / 38kW Pk. 72/84V 550A) uses regenerative braking, also referred to as regenerative energy recovery. What this means is the system will recapture kinetic energy, this can then be used to recharge the battery when the vehicle is braking and slowing down. 

See appendices for a full table of specifications on the PMAC Liquid-Cooled Motor Drive System (15kW Cont. / 38kW Pk. 72/84V 550A).


3. System specification and discussion 

The PMAC Liquid-Cooled Motor Drive System 72/84V 550A, can be run at 15kW for continuous use, and can also reach peaks of 38kW. This system costs $3,700.00. As the buggy runs with Max power = 16.8 kW, and Average power = 13 kW, this would be an appropriate system to use.

The Drive ratio is equal to the maximum RPM of the motor divided by the wheel RPM. 
The wheel RPM is found by dividing the maximum velocity by the circumference of the wheels, and multiplying by 60. 
Wheel diameter = 12” = 0.3048m
Circumference of the wheel = π*diameter = π * 0.3048 = 0.9576m
Max Velocity = 7m/s
Max Motor RPM = 6500 RPM



The torque at the wheels can be found by multiplying tractive force by rolling radius.
Tractive force = 2403.45N
Rolling radius = 0.3048/2 = 0.1524m


Max required torque at motor = Torque at the wheel divided by the drive ratio




4. Preliminary costings 


	Parts full name and number
	Part
	Quantity 
	Cost ($)
	Cost (£)

	DLC-28 Brushless 15 kW Cont. / 38 kW Pk. Liquid-Cooled PMAC Motor 24-120V
	Motor
	1
	$1,495.00
	£1,055.31

	Sevcon Gen4 72-80V 550A for Brushless PM Motors
	Controller
	2
	$1,195.00 x2 = $2,390.00
	£843.54 x  2 = £1,687.08  

	GBS 48V 40Ah Li-Ion Battery Pack with EMUS BMS and Charger
	Battery
	1
	$1,739.53
	£1,227.92

	
	Total for separate parts
	
	$5,624.53
	£3,970.31

	The PMAC Liquid-Cooled Motor Drive System (15kW Cont. / 38kW Pk. 72/84V 550A)
	Kit
	
	$3,700.00
	£2,611.79



The PMAC Liquid-Cooled Motor Drive System (15kW Cont. / 38kW Pk. 72/84V 550A) Costs $3,700.00 or £2611.79 and works out to be £1,358.52 cheaper than buying the same or very similar parts separately.

5. Conclusions and recommendations 

The main advantage of having a series hybrid buggy is that the engines are usually more efficient as they are not needed to power the entire vehicle and don’t need to deal with extremely varied demands with regards to power. Another positive of using electric power in cars is that the use of hybrids is helping to reduce harmful gas emissions.
[bookmark: _GoBack]The main disadvantage of using hybrids is the increase in battery size that is necessary, this makes the series hybrid much more expensive. Also in general series hybrid vehicles are less efficient than parallel hybrid vehicles due to the fact the engine isn’t in direct contact with the wheels.
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7. Appendices

The information below shows the system specifications for the PMAC Liquid-Cooled Motor Drive System (15kW Cont. / 38kW Pk. 72/84V 550A).
	System Features 
	- Variable throttle for smooth speed control
- Brushless motor design makes brush maintenance a thing of the past.
- Easy forward and reverse switching with a flip of a switch
- Motor and controller support regenerative energy recovery (regenerative braking).
- Drive motor can be mounted inboard OR outboard.
- Pre-assembled and tested relieving you of any guesswork.

	Included in this System
	- Brushless liquid-cooled motor
- Gen4 controller
- Choice of throttle
- Forward/ Reverse switch
- Ignition key
- Contactor
- Emergency stop button
- Fuses
- Wiring harness

	Motor Features
	-Quieter Operation 
-Improved durability 
-High 92% motor efficiency 
-Smoother acceleration 
-Lighter weight (only 35 lbs.) 
-Low torque ripple at low speed
-NEW Fully enclosed design
-NEW Water cooled stators
-NEW Sine/cosine speed sensor 
-NEW Anodized aluminium
- NEW Protective phase terminals cover 

	Motor Specifications
	- Designed for long life. 
-No brush maintenance. 
- 4 pole motor (8 magnets).
- 92% efficiency
- Phase to Phase winding resistance: 0.013 Ohms
- Voltage: 0 to 120 VDC input to the control 
- Torque constant of 0.15 Nm per Amp
- The Inductance Phase to Phase is 0.10 Milli-Henry with a 28 turns per phase.
- Armature Inertia: 45 Kg Cm Squared 
- Current: 180 Amps AC continuous (220 Amps DC into the motor control)
- Peak current: 480 Amps AC for 1 minute (660 Amps DC into the motor control) 
- Weight: 35 pounds
- Peak Stall Torque: 100 Nm. 
- Cooling: Water cooled (50% Glycol)
- Includes temperature sensor

	Controller Specifications
	The Gen4-series represent the absolute latest design concept for compact and reliable AC Controllers. They feature the smallest footprint in the industry for their power capability. The high efficiency of these controller makes it possible to integrate them into very tight spaces without sacrificing performance. The design has been optimized for the lowest possible cost while maintaining superior reliability in the most demanding applications.

The Gen4 controllers are designed to control either AC Asynchronous motors or PMAC Synchronous motors. This feature allows users to select optimal motor solutions for any application. Both UVW and encoder AB inputs are provided for maximum flexibility.




Sevcon P/N: 634A85203

Features:

Sealed IP66 enclosure
Integrated logic circuit (I/O)
Advanced flux vector control
Autocheck - system diagnostics
Sensorless control (depending on application)
CANopen product
	Nominal Voltage
	72 or 84 VDC

	Current (120s)
	550A

	Boost (10s)
	660A



All above information is according to Electric Motor Sport, Inc. (2016).
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