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Section 1
Background 
This project has the ultimate objective to create an electric ‘Smart’ bicycle modification kit for general sale in the marketplace. Electric bicycles are a part of a booming market[1] in environmentally friendly products, with e-bike themselves being sold in the UK at a rate of around 100 per day[2] this project will aim to produce a range of products that can be added to ordinary bicycles to upgrade them without expensive replacement.
Project Definition
Purpose
This project will create a range of ‘bolt-on’ accessories to upgrade an ordinary bicycle into an electric ‘smart’ bike. These accessories will be developed individually by each ‘AAA Bikes’ stakeholder as sub projects and offered under the company brand. Products currently in development are a motor controller, a smart lighting system and a pair of battery monitors. These subprojects will be produced to meet or exceed the specifications of those currently available on the market, whilst being produced locally and at a lower cost. This Project Initiation Document will mainly focus on the subproject pertaining to the production on a motor controller.




Objectives
Design a motor controller to meet or exceed the power capabilities of an off the shelf motor controller[3].
The motor should remain within the same price range as off the shelf items, ideally lower[3].
The motor controller must be ready for production by March 2018.
The controller must be designed for use with 36v motor and battery systems
The system must include safety systems, including prevention of drive during braking operations and motor cut outs for fault conditions
Scope
This sub project will be limited to the design of the motor controller, the battery and motor systems will be purchased off the shelf. The controller design will include the software program that will operate the PIC (Peripheral Interface Controller) Microcontroller that is, in effect, a small computer squeezed onto a single chip and is the brains of the motor controller[4]. Further, the design will also include the power electronics circuitry, this circuitry will be controlled by the PIC as it controls the battery current being supplied to the motor. This hardware and software will be modelled in the Proteus software package, pursuant to a prototype build.



Constraints
There are few external constraints to this project, all design and build will be done without external contract, therefore time allocated to other responsibilities will be then main constraining factor, which will be mitigated through time management.
Authority
The shareholders in AAA Bikes hold the authority and responsibility for each of their respective sub projects, the overall project will be overseen by members of the SOAC Faculty, Sue Maw, will oversee the project management whilst Gareth Jones will oversee the project itself.
	Role 
	Name 
	Sub project
	Contact
	Int / Ext

	Oversight
	Sue Maw
	N/A
	Sue.maw@uwtsd.ac.uk
	Ext

	Oversight
	Gareth Jones
	N/A
	gareth.jones@uwtsd.ac.uk
	Ext

	Shareholder
	Derek Lockhart
	Motor Controller
	dlockhart.151664@student.uwtsd.ac.uk
	Int

	Shareholder
	Edward Russell
	Lighting Systems
	erussell.1500015@student.uwtsd.ac.uk
	Int

	Shareholder
	Adam McGowan
	Battery Monitor
	amcgowan.1550902@student.uwtsd.ac.uk
	Int

	Shareholder
	James Denning
	Battery Monitor
	Jdenning.1659004@student.uwtsd.ac.uk
	Int


Table 1 Stakeholders in AAA Bikes project
Resources 
Resources available to the project will be made available via SOAC. Proteus design software will be used to model the system, this will enable development of the software and emulate its interactions with the hardware components.
The Electronics Labs within SOAC will be used for the development and the production of the prototype. This will also allow access to experienced designing engineers to provide consultation on the design and prototyping, in particular Mr John Young.
Costings for the production of the prototype will be met ultimately by SOAC, any items require for the production of the prototype that are not immediately to hand will be purchased out of pocket by the stakeholder responsible for each subproject and then reclaimed from SOAC.
Under current development plans the cost of the prototype will be under £20,
This allows for further cost reductions in production due to efficiency of scale[5], and further development of the design. A current breakdown of the proposed component costs can be seen in Table 2 below.
	Item
	Quantity
	Reference
	Price
	Cost

	16F887 PIC
	1
	http://uk.farnell.com/microchip/pic16f887-i-p/mcu-8bit-pic16-20mhz-dip-40/dp/1439541
	£2.02
	£2.02

	MOSFET Driver
	2
	http://uk.farnell.com/microchip/mcp1407-e-sn/driver-mosfet-singl-6a-smd-soic8/dp/1332080
	£0.79
	£1.58

	Crystal
	1
	http://uk.farnell.com/ael-crystals/x4m000000l009/crystal-4mhz/dp/9509534
	£1.21
	£1.21

	Capacitors
	6
	http://uk.farnell.com/multicomp/mc0805n4r0c500a2-54mm/ceramic-capacitor-4pf-50v-c0g/dp/1694276
	£0.23
	£1.38

	MOSFETS
	4
	http://uk.farnell.com/on-semiconductor/ntd5867nlt4g/mosfet-n-ch-w-diode-60v-20a-dpak/dp/1879964
	£0.42
	£1.68

	Voltage Regulator
	1
	http://uk.farnell.com/taiwan-semiconductor/ts78l05cx-rfg/reg-3-terminal-100ma-smd-sot-23/dp/1476698
	£0.59
	£0.59

	Breadboard
	1
	http://uk.farnell.com/multicomp/mcbb400/breadboard-solderless-300v-abs/dp/2395961
	£2.68
	£2.68

	Enclosure
	1
	http://uk.farnell.com/eddystone/11451psla/enclosure-diecast-38x53x31mm/dp/301504
	£8.29
	£8.29

	 
	 
	 
	Parts Total
	£19.43


Table 2 Parts costs of proposed components



Section 2
Design
The current provisional plan for the design of the motor controller is based around the 16F887 PIC microcontroller[6], this will run the ‘C’ language program. The provisional system diagram for the motor controller is shown below in Figure 1.
[image: ]
Figure 1. Motor Controller System Diagram
Code
The provisional microcontroller program flowchart is shown below in figure 2. This flowchart shows the safety bias of the system in that it will be checking for user safety issues such as motor problems or brake application several thousand times per second, in accordance with the programs cycle time and its supporting oscillator. 
[image: ]
Figure 2. Motor Controller Program Flowchart
PWM
This program will provide a Pulse Width Modulated (PWM) output that will be used eventually to drive the motor. A PWM signal is a DC waveform that turns on and off providing a DC supply voltage that on average will be less than the battery voltage, if more power is required then it will stay on more than it is off and vice versa. It is a very efficient way to regulate power being supplied to a motor[7]. An illustration of the workings of a PWM waveform is shown in Figure 3 below.
[image: A screenshot of a cell phone
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Figure 3. Pulse Width Modulation Waveform

Planning
The project plan has been completed using Microsoft Project and is available on request. The current projection is to have a prototype ready for testing by Christmas. This timescale will give sufficient leeway to ensure sufficient time is available to overcome any unforeseen issues prior to the planned production start of March 18
[image: ]
Figure 4. Gantt Chart View of Project Plan
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