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[bookmark: _Toc7360236]Abstract
The aim of the following project report is to outline a method and design for the construction of a vehicle wiring system for use within a competition motorsport environment.  The report will look at what methods are currently available, their advantages and disadvantages and how the project could be used to bring a better solution to the problem.
The report will list details on conventional point to point wiring system and how they have been implemented in passenger vehicles for decades and what problems they may bring
More modern techniques will also be analysed in greater detail, these will include CAN bus network and how this system operates. How the CAN network can be used with various input methods such as touch pads and touch screen and what benefit each method would bring
Research will also be conducted on which type of wire, heat shrink, connectors and circuit protection is used in the motorsport application as opposed to regular road going passenger vehicles and benefits and draw backs of these methods
Finally a fully functioning simulation design will be tested to ensure the system operates to the desired objectives set below using Proteus 8 simulation software package 
· [bookmark: _Toc7360237]Build centre MCU and a corner MCU on Proteus 
· [bookmark: _Toc7360238]Write software to control nodes via CCS complier
· [bookmark: _Toc7360239]Simulate the above nodes ensuring the communicate
· [bookmark: _Toc7360240]Run evaluation test to verify that the centre node is able to control the outputs both on the centre MCU and corner MCU
· [bookmark: _Toc7360241]Have a greater understanding of motorsport wiring in general,









[bookmark: _Toc7360242]1 Chapter 1 Project introduction  
The purpose of this project is to design a wiring system which will be fitted into a 1979 Opel Ascona rally car using Can Bus technology, this will entail researching the components needed to complete the build, understanding the methods that are required to make the system work, how to build the PCB and finally how to use the Proteus software package to enable the whole system to be controlled.
The issue faced with vehicle wiring systems of this generation is that they use a point to point wiring system. With this type of system wiring harness could become very large which in turn adds weight and complexity when trying to fault find. The Can bus system solves a lot of the issues since a twisted wire pair and power are all that is required to be run around the vehicle (twisted wire pair for control, and power cable to supply the 12v).
The ideal outcome for the project would be to have a fully working vehicle which utilises the Can system and has 6 nodes placed are the vehicle to control all the systems that are necessary, however depending on time constraints a prototype of a 2 node system may be made to prove concept which can then be expanded on within the authors time frame.
[image: ]






[bookmark: _Toc7360243]1.2 Project aims and objectives

[bookmark: _Toc7360244]The aim of this project would be to have a fully working system fitted into the vehicle and tested, the system would include a touch pad for in the centre console of the vehicle and an additional 2 touch lads mounted each side of the steering wheel centre hub. These touch pad would control all the necessary vehicle commands such as lights, horn fuel pumps etc the engine will be control via a standalone management system (ECU) but will have an ignition live feed to enable it to be switched on & off from the centre touch pad

[bookmark: _Toc7360245]While every attempt has been made to make this aim a reality within the time frame, this has not been possible given the complexity of the project and the authors other time demanding activities. 


[bookmark: _Toc7360246]		1.3 Mandatory aims
· [bookmark: _Toc7360247]Build centre MCU and a corner MCU on Proteus 
· [bookmark: _Toc7360248]Write software to control nodes via CCS complier
· [bookmark: _Toc7360249]Simulate the above nodes ensuring the communicate
· [bookmark: _Toc7360250]Run evaluation test to verify that the centre node is able to control the outputs both on the centre MCU and corner MCU
· [bookmark: _Toc7360251]Have a greater understanding of motorsport wiring in general, which will include
· [bookmark: _Toc7360252]Wire types
· [bookmark: _Toc7360253]Connector types
· [bookmark: _Toc7360254]Battery
· [bookmark: _Toc7360255]Isolation
· [bookmark: _Toc7360256]What is commonly used


[bookmark: _Toc7360257]1.31 Desirable aims
· [bookmark: _Toc7360258]All seven nodes simulated and working
· [bookmark: _Toc7360259]PCB’s built
· [bookmark: _Toc7360260]Vehicle wiring completed
· [bookmark: _Toc7360261]Shakedown of the completed system



[bookmark: _Toc7360262]1.4 Research Methodology 

There are four main types of research methodologies, Descriptive, correlation, quasi experimental & experimental. All these methods have slightly different ways of collecting the data required to complete the project.
The author has selected to use the experimental method of research methodology in this project since it has the best fit for the desired outcomes.
Experimental based research centres around the idea of adjusting variables and monitoring their actual outcome verses what the outcome was expected to be. In the case of this project variables such as counters and timers will be used for control items such as indicators and their performance looked at and compared with what is expected to happen. [1]
To gain the data required to validate the project, Proteus Professional 8 & CCS compiler software will be used to generate the required simulation.  This method should provide consistent reliable data that can be looked at since most of the time variable will either work or not so coming to a conclusion and meaningful result should be easy.  If time had allowed then further testing would have been completed with physically made prototypes which would have allowed actual loads to be introduced such as motors, lights & pumps to see what effect this has on the system.
To conduct the experiments highlighted in chapter 7 one change was made at a time, this change was then analysed to see what the outcome was before any more chances were made.









[bookmark: _Toc7360263]2 Chapter 2 Project Background
Over the last 50 years vehicle technology has evolved a great deal for example in 1950 1% of the cost of a vehicle was attributed to electronic systems, this massively increase to 30% by 2010. [1]
This large increase is due to the demand that the customer has put on vehicle manufactures to make vehicles more refined and include more and more technology such as radar guided cruise control, HVAC, entertainment systems etc.

During the 1970’s vehicle wiring system where quite simple and used a point to point type of system, this basically meant that each device had its own single wire system supplying the power and ground, however as the amount of electronic circuits in the vehicle increased so did the amount of wiring and by the 1990 car came with up to 1.5km of wiring which could weight up to 30kgs [2].
During the 1980’s engineers looked for ways to use a single wire to supply various systems around the car in order to try and increase durability and reduce weight, one type of system is called multiplexing, where by signals are converted from analogue into a digital signal and set though a cable to the end destination where is can be de-coded and the information used accordingly.

Advantages of this type of system are 
· Increased reliability due to less connection/failure points
· Decreased weigh since there is less cabling
· Easier to fault find
In the late 1980’s engineers came together to create a standardised system which all manufactures would use going forward.  This system is known as CANBUS and was originally developed by Bosch [3]
*Some of the content used in this section of the report is taken from the authors Interim Viva*


[bookmark: _Toc7360264]2.1 Methods currently available

Currently on the market there are several ways of achieving the desired goal. 
Method 1:- Point to point
Method 2:- CAN bus with switches
Method 3: - CAN bus with touch screen

[bookmark: _Toc7360265]2.12 Point to point

Traditional point to point wiring system. This is how vehicles have been traditionally wired and controlled. This type of system uses a central fuse box that then controls the desired load through relays and switches with blade or mini blade type fuses.
[image: ]1
[bookmark: _Toc7078993]Figure 1 - basic vehicle wiring

Above can be seen a basic diagram, while this is a simple diagram as vehicle technologies have advanced so has the demand on the electrical systems. To cope with this extra demand the wiring systems have had to become far more complex
[4][image: ]
It can be seen above how the complexity of the system has greatly increased with extra instruments, modern AC and heater controls. While this type of system is still used in motorsport applications it can still be complex and costly due to the cost of the materials. 
[image: ]Here can be seen how far motorsport interior electrical systems have come. The top picture is of the 1986 Audi quattro Group B rally car. It can be seen how many gauges and relays are visible.
By contrast the bottom image is of a 2015 World title winning VW Polo WRC. The dash is much more minimalist with just steering wheel controls for the main functions and a digital display for engine parameters etc.






For a similar size car to be professionally wired to a motorsport specification costs in the region of £2000
This will include toggle type switches that directly switch relays via a central fuse box as above, however in the above image circuit breaker are used instead of fuses as they are resettable however for the cost stated above these would not be included
[4]


There are also off the shelf control pads available which have been launched within the last 18 months. These offer a neat solution in vehicles where there are limited outputs required. Systems such as Talon by Summit racing offer digital solid state switching which will replace mechanical switches and relays. While these systems are well built and easy to install they only offer a maximum of 16 outputs, which in the case of this project would not suffice, the can also work out quite expensive if cost per output is thought of
[image: ]  	
[5]

[bookmark: _Toc7360266]2.13 CAN with switches

The next type of system that is highly used within the motorsport arena is a CAN based system, these offer the same look as the Summit racing product mentioned above have a lot more flexibility in terms of expansion and channels available. The below product from HP Electronik offers up to 34 channels. This system would fit the brief in terms of what is going to be controlled however the cost for the system is circa £3000
[image: ]
[image: ]
[6]
[bookmark: _Toc7360267]2.14 CAN with touch screen control

This system uses either a touch pad as previously mentioned or can use a touch screen such as a tablet. This system has the benefit of having all the features of a modern tablet such as GPS, speed tracking, encryption etc. This system also has the ability of being able to remove the tablet from the vehicle so systems can be commanded from outside such as lights on/off or remote start of the car.  There are also many apps available so the system could even display engine parameters if desired.
This type of set up was originally considered to be the best suited to the project giving the extra features and versatility it would bring however, after more research and having a visual inspection of the Ford Fiesta world rally car that won the 2018 world rally championship it was deemed that a touch screen may not be the best option in a motorsport application, this is due to the fact that with a touch screen there would be multiple screens which one would have to toggle through this is unpracticable when commands need to be easy to access quickly while driving in competition conditions
 [image: ]  
The above system from Infinity box uses CAN module to allow up to 20 output with extra modules available to expand if needed.  The company also offer what the call In Touch Net which allow tablets or smart phones to control commands  
The cost for the type of system depend on how many devices are being commanded but prices start at circa $2000 for a 20-output system with Bluetooth control
[7]

``[image: ] Touch pads

[bookmark: _Toc7078994]Figure 2 - Modern rally car interior

Above image is of a modern specification Fiesta rally car which uses a CAN touch panel with steering wheel controls, this will be the desired outcome for the project.







	Type 
	Point to Point
	CAN touch PAD
	CAN touch screen

	Cost
	£2000
	£3000
	From $2000

	Weight
	Heaviest
	Lightest
	Mid weight

	Features
	Basic
	Good features easily expandable
	Top features can do almost anything that can be considered

	Reliability 
	More connection points so more prone to failure
	Very robust and proven method
	Robust however touch screen could potentially get damaged with demanding environment

	Design complexity 
	Relatively simple
	More component research and software complexity
	Same as touch pad with extra software complexity 

	Application suitability 
	Very suitable, still used at club level
	Very suitable, used at world level
	Not very suited to application 


[bookmark: _Toc7360268]Chapter 3 Can Bus
3.1 [bookmark: _Toc7360269]CAN technologies
There are 3 main types of CAN system
CAN 2.0A which is the first variant and uses an 11-bit identifier and has up to 2032 ID’s
CAN 2.0B which uses a 29-bit identifier and up to 2031 x 10 -18 bit ID’s and is able to be used in conjunction with a CAN 2.0 A system
CAN FD launched in 2012 this an evolution of the classic CAN 2.0A system and features a large baud rate and higher data transmission speeds which are up to 30 times faster than classic CAN, the system is also able to hold a large volume of data within its CAN frame up from 8 bits in classic to 64 bits. It is estimated that most cars will be running CAN FD by 2020. [8]

Since this project is going to be relatively simple in terms of what systems are going to be required classic CAN (2.0A) will be more than capable





3.2 [bookmark: _Toc7360270]Benefits of CAN in this project

In the case of the current project CAN would be useful due to the reduction in weight that would occur from the smaller wiring loom that would be needed. As stated above rally cars tend to be used in harsh environments so the ability to reduce the number of avenues for moisture ingress through lower amount of connection points is a big advantage.  As this project will be an ongoing development a CAN system allows extra nodes to be placed onto the bus without the need for any addressing since all nodes receive the transmitted message and the individual node decides whether or not to action the message based on the task within.
In this respect this system would be very flexible and would allow the author to build up the full electrical system over time once the initial concept and prototype have been verified
All nodes on the bus system can detect an error so this means that the system is very robust in the way it operates 
Another benefit of the CAN system is the ability to request data from node to node, this is known as remote transmit request (RTR) the advantage of this is rather than a node frequently sending data over the bus in a periodic fashion it only send the data when requested, i.e. in the case of engine temperature the data could be requested after a set time periods. This would minimise traffic on the bus network.
This system would also eliminate the need for conventional relays and would largely emit blade fuses (some blade fuses would remain for higher current loads) due to the MCU using Mosfets for switching

To recap main advantages would be
· Weight reduction
· Increased system reliability, good immunity to noise interference, 5 types of error detection
· Easily expandable, nom addressing for added components 
·  Easier to fault fine since less wiring present
· Much neater appearance 







4 [bookmark: _Toc7360271]Chapter CAN overview

4.1 [bookmark: _Toc7360272]How does CAN bus work

CANBUS is a high-speed serial data bus system which uses a twisted pair wire system, one wire being CAN high signal and the other being CAN low signal, this means that signals can be sent one bit at a time 

[bookmark: _Toc7360273]The bus is able to run up to 40m and have up to 30 ECU (Electronic Control Units) connected to it. At the end of each bus there is a load resistor to suppress any electrical reflection, these resistors are generally 120Ω
[bookmark: _Toc7360274][image: ]
[2]

Above can be seen the CAN bus network connected to various ECU’s or modules, these modules will then switch on the end devices such as lights, motors, actuators.  From the main 2 wire bus network there are any an additional pair of cables run directly from the main Bus network which is known as TX or transmitter wires, these wires link from the bus network to a pair of transistors which switch between CAN high 5v and CAN Low 0v. The other pair of wires labelled RX or receiver wires are connected to the CAN network via the load resistors.  
[image: ]
Each CAN system will be made up of a microprocessor with built in CAN controller and a CAN transceiver which will be tied to the bus as shown above. 

A CAN system is a multi-master system meaning there are no master or slave MCU’s. Instead all MCU’s can transmit and receive data over the bus network simultaneously. Each transmission is given a priority number, the lowest priority number will be executed before a higher priority number, for example an ABS sensor may have a number of 100 where as an interior light may have a number of 1000 in this case if both data streams are transmitted at the same time the system will ignore the larger number until the lower number has completed its task and the bus network is back in a recessive state. [9]

4.2 [bookmark: _Toc7360276]Differential voltage i.e. CAN high/low

This system works by causing CAN high and CAN low to assume the same voltage value when a logic 1 is sent, during this state the system is said to be recessive as there is no appreciable difference in voltage between high and low, during this state no action will be taken.

If however a logic 0 is transmitted over the bus the transistor pair will be switch, current will flow and the will be a voltage difference of between 2-3v, during this state the system is said to be dominant and will action the command  

[image: ]
[bookmark: _Toc7078995]Figure 3 - CAN differential voltage
 


[image: ]

[bookmark: _Toc7078996]Figure 4 - CAN signal


4.3 [bookmark: _Toc7360277]Data transmission
As previously stated, CAN is a Multimaster system and as such has no master and slaves each node is able to send and receive information, Each node of the network will be comprised of a microcontroller with built in CAN module a CAN transceiver to convert the raw data that is sent on the bus network into a form that the microcontroller will understand, this will be covered in greater detail later on in this report. This is sent through a twisted wire pair.
Data is transmitted over the system via data frames which provide the information required by each module to do its function.
[bookmark: _Toc7078997][image: ]Figure 5 -CAN node


4.4 [bookmark: _Toc7360278]Message types
There are 4 main types of frames used by CAN 
· Data Frames
· Remote frames
·  Error Frames 
· Overload frames
All of these frames are very similar in the structure but have the following differences listed below
4.5 [bookmark: _Toc7360279]Data frames
A CAN system transmits it data through a data frame, the data frame consists of the following
[image: ]
[10]
The start of frame is used to indicate that data is being sent and to synchronize all the nodes on the bus network when the system has been idle, this is common in all CAN types
ID & RTR
· 11/29 Bit ID 
· 11 bit id for CAN 2.0A AND 29 bit for CAN 2.0B 
· RTR - Remote transmit request, enables one node to request data from another 
Together the ID and RTR make up the 12-bit arbitration field. This field indicates the priority of the message that is to be sent, the lower the number the higher the priority of the message transmitted. For example if the centre node was top sent out a message with priority number of 10 at the same time that the left hand front node sent out a priority number of 100 the centre node would continue to transmit data i.e. dominant and the left hand node would go back to a recessive state till such time that the centre MCU has finished transmitting.
4.6 [bookmark: _Toc7360280]Arbitration
The arbitration field is vital to eliminate any conflicts that may occur on the bus network when several devices try to send data simultaneously. 
This field indicates the priority of a frame and hence which command should be actioned first. 
In a classic CAN system, there is an 11bit identifier which enables 2032 id’s to be set. 
During data transmission each device will look for the level on the bus network if a dominant state is detected (i.e. the CAN H and CAN L nominal voltage is greater than the threshold (normally 1.5v) then no data will be sent, and the device will become recessive until the bus fails back into a recessive state
[10]
The process of arbitration is shown below with 3 nodes having the following identifiers 
[image: ]
[bookmark: _Toc7078998]Figure 6 – Arbitration
Assuming the recessive level corresponds to 1 and the dominant level to 0, arbitration would be as follows below
All nodes transmit at the same time, sending SOF, next they send their ID bits, the 8th bit on node 2 is recessive state, while nodes 1 & 3 are in dominant states
Node 2 stops transmitting and returns to receive mode (indicated by grey field) the 10th bit of node 1 is in a recessive state, while node 3 is dominant therefore node 1 returns to receive mode. The bus is now free for node 3 to transmit data


Control - This consists of 6 bits, 2 of which are reserved bits and 4 which are data length coded bits (DLC).This is used to indicate the length of the data being transmitted in the message and is coded as follows
[image: ]
[bookmark: _Toc7078999]Figure 7 - DLC
Above table shows how 8 bytes can be coded with 6 bits and indicates which bits are dominant or recessive. 
Data – This field consists of the actual data message that is being transmitted up to 8 bytes in length
CRC – The CRC or cyclic redundancy check is used to ensure that the message transmitted is received correctly, it does this by using a 15bit CRC sequence and 1 bit delimiter. This check includes the SOF, arbitration field, control and data fields. Once the message is sent the calculate CRC value and received CRC values are compared against each other if are any discrepancies and error is assumed.  
The above feature is one of the things that make the CAN system so robust, this combined with the resistance to noise interference make it a very versatile system.
ACK – Acknowledge, this simply is made up of 2 bits one for ACK and one for ACK delimiter and is used to report that the message has been received correctly 
EOF – End of frame just signifies the end of the data transmission.

[bookmark: _Toc7360281]4.7 Remote frame
[image: ]
The remote frame is essentially the same as the data frame however it lacks the data field. This is used for one node to request information from another. This frame is used when one node specifically requests data from another
· Its layout is very similar to that of the data frame however the type of frame is marked as a remote frame by means of a recessive RTR bit in the arbitration field, there is also no data transmitted in this field
This type of frame is useful when data from a nodes isn’t constantly required which could in turn clog up the bus and slow transmission speeds, for example a engine control unit might request data from a temperature sensor in order to alter its parameters however it may only require this data at specific time interval
[9]
[bookmark: _Toc7360282]4.8 Error & overload frames

Error frames is used when there has been a violation in the format of the frame. This type of frame is sent when a node detects an error in the message, all other nodes will then also transmit this message
Overload Frame is only used to provide an extra delay between messages
Valid Frame, this is error free when the last bit of the EOF is in a recessive state, if the last bit is in a dominant state then the message will get re-transmitted



[bookmark: _Toc7360283]4.9 Error detection
The CAN system can detect 5 types of error
· CRC which has been explained above
· BIT error- this happens when the output level and data level on the bus do not match
· Form error – This happened when and illegal frame format is detected
· Stuffing – This happens when the same data level has been detected for 6 consecutive bits
ACK - This happens if the ACK field is found to be recessive

[bookmark: _Toc7360284]Chapter 5 Research 
[bookmark: _Toc7360285]5.1 How will CAN be used in this project

The CAN network will be used in the project to link the nodes around the vehicle. Originally the concept was to use 6 nodes one at each corner of the vehicle on at the centre console and one at the fuel pumps. However, after looking at the systems that require control a seventh node has been added at the bulkhead to control the wiper motor, ECU supply and stage buttons.
A node will be placed in the location listed above, a twisted wire pair will connect these nodes and will serve to transmit the raw CAN data along the bus, this data will then go through the CAN transceiver and into the MCU. There will also be a power supply ran from a central distribution box to each node to supply all the circuits required.
The beauty of using CAN in this system is its versatility and robustness. CAN system have been well proven in the automotive industry since the late 80’s when they were first introduced.  In the case of this project it would allow the author to add in new circuits at a later date without the need for addressing components since the system is a Multimaster type and will just arbitration to determine priority. However, it is important at the design stage that spare Mosfets are built into the PCB design to allow for this future expansion.  				
[bookmark: _Toc7360286]5.2 What will be controlled via Can
[image: ]
Originally the above was going to be controlled by the CAN system but after further thought into what the vehicle requires an additional node has been added as stated above
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The centre node has also been adjusted to suit the additional requirements. The bulk head node will now control
· Wipers
· ignition supply to the ECU
· Anti-Lag active into ECU
· Launch active into ECU




In essence the CAN network will control all of the vehicle functions but not the engine control (ECU) unit at this time, while the ECU has the capability to run CAN it would add to the complexity and since the engine is brand new, has not run and has not been Mapped it seems logical to leave this element for a later date when all systems are up and running in the vehicle 






DTA S60 ECU Specification
[image: ]
[bookmark: _Toc7079000]Figure 8 - DTA S60
[bookmark: _Toc7360287]5.21 Stage mode inputs

For motorsport use stage modes inputs are used, these active the ALS (anti-lag) system of the car and also active the launch control
[11]
The issue faced with turbocharged rally cars is turbo lag, this is the delayed response between the driver accelerating and the turbo making useable boost.  To solve this issue rally teams started to use an anti-lag system, there are two main types of ALS, throttle bypass or inlet bypass.
· Throttle bypass – opens the throttle butterfly slightly to allow air into the engine, it then combines this with slightly retarded ignition and extra fuel
· Inlet bypass – this operated by having an additional valve located before the throttle butterfly and feeds cold air directly into the exhaust manifold, 

Again timing is retarded and extra fuel is supplied so combustion occurs within the turbo. This combustion creates extra pressure which in turn keeps the turbo spinning and eliminates the lag
For this project the inlet bypass has been used since it places less stress on the engine
[12]






The second input to be used will be launch control active, this allows the driver to have maximum boost available from a stationary start. Over time the author will add a 25-position potentiometer to this system so the exact starting RPM can be selected. 
To monitor the performance of the engine and to ensure parameter are within their limits, several components have been used.
AFR – Air fuel ratio, this gauge connects to a oxygen sensor mounted in the exhaust system and detects how rich or lean the fuel/air mixture is. Ideally circa 14.5 AFR is required when under light engine loads however this will drop under heavy acceleration. If the engine runs too lean under heavy loads, it can be fatal for the engine therefore if this does occur the gauge can output a 5v signal to the ECU which will cut the engine turbo boost
[13] 
EGT – Exhaust gas temperature, this gauge is used to measure the temperature of the exhaust gasses leaving the engine. The issue with running ALS is exhaust gas temperature because combustion is now being done inside the turbocharger. Under normal conditions the EGT can be expected to be around 850˚C with the ALS system active this can rise to well over 1000˚C therefore it is essential to monitor this temperature and automatically switch of the system when over temperature of the exhaust gas of water occurs, alternatively a time limit can be set in the ecu to stop heat soak of components [14]
WI – Water injection, this system work by injecting a combination of water and methanol into the inlet manifold as below. It serves two purposes.1) reduces inlet air temperature and 2) reduces knock levels. Reduced inlet temps mean more power can be created since the air (Charge) is denser, by adding the methanol knock resistance of the fuel is higher which allows more ignition timing and boost to be used ultimately resulting in more power.
[image: ]
[15]




The dash system used is a Stack dash, this system uses a digital display to provide information on engine parameters such as fuel/oil pressure. Oil/coolant temperature, boost pressure, RPM, speed, fuel level. These systems have been proven in a motorsport environment for decades and can be configured to provide alarms if parameters are getting outside their windows such coolant temperature. They also work with a wide variety of rpm signals, speed signals and fuel level detector types. An option lap timer beacon and data logger can also be purchased should these be required in the future. This system will also work well with the DTA ECU as this has compatible outputs for tachometer input on the dash unit [16]
[image: ]




[bookmark: _Toc7360288]5.3 Basic schematic circuit design
[image: ]
Above can be seen the main components in the circuit, while this isn’t 100% accurate since it doesn’t show Mosfets it does give a good idea of how the power and ground will be connected
[image: ]
Above shows how the MCU would be integrated into the circuit, for this purpose the bus network has been left out however this would connected to the MCU 
[image: ]



[bookmark: _Toc7360289]5.4 Component list 
[image: ]

Fuse rating listed above state a hold and trip current rating. Hold current is the current that the fuse is designed to continually run with and the trip current is the point at which the fuse will open circuit.


[bookmark: _Toc7360290]5.41 Component cost

The above components are the component purchase by the Author for the completion and testing of 2 nodes (Centre & LH nodes) from Digikey
	Index
	Quantity
	Part Number
	Manufacturer Part Number
	Description
	Unit Price
	Extended Price

	1
	2
	PIC18F4580-I/P-ND
	PIC18F4580-I/P
	IC MCU 8BIT 32KB FLASH 40DIP
	5.5
	$11.00

	2
	2
	BTS441RGATMA1CT-ND
	BTS441RGATMA1
	IC HIGH SIDE PWR SWITCH D2PAK-5
	4
	$8.00

	3
	3
	BTS50302EKAXUMA1CT-ND
	BTS50302EKAXUMA1
	IC PWR SW HI-SIDE 2CH DSO14-40
	2.68
	$8.04

	4
	2
	BTS50162EKAXUMA1CT-ND
	BTS50162EKAXUMA1
	IC PWR SWITCH HISIDE PG-DSO-14
	3.23
	$6.46

	5
	2
	BTS500151TADATMA2CT-ND
	BTS500151TADATMA2
	IC SWITCH SMART HISIDE TO263
	6.41
	$12.82

	6
	5
	F8136CT-ND
	2920L400/15MR
	PTC RESET FUSE 15V 4A 2920
	1.802
	$9.01

	7
	1
	F3134DKR-ND
	2920L200DR
	PTC RESET FUSE 15V 2A 2920
	7.81
	$7.81

	8
	2
	296-44517-1-ND
	LM7805MP/NOPB
	IC REG LINEAR 5V 1.5A SOT223-4
	1.36
	$2.72

	9
	2
	MCP2561T-E/SNCT-ND
	MCP2561T-E/SN
	IC TXRX CAN 8SOIC
	0.9
	$1.80

	10
	1
	507-1767-1-ND
	0ZCG0110AF2C
	PTC RESET FUSE 16V 1.1A 1812
	0.18
	$0.18

	11
	1
	F3779CT-ND
	1812L125/16DR
	PTC RESET FUSE 16V 1.25A 1812
	0.53
	$0.53

	12
	2
	RGEF1000-2HFCT-ND
	RGEF1000-2
	PTC RESET FUSE 16V 10A RADIAL
	1.06
	$2.12

	13
	2
	RHEF1500HF-ND
	RHEF1500
	PTC RESET FUSE 16V 15A RADIAL
	1.63
	$3.26

	14
	2
	RGEF600HF-ND
	RGEF600
	PTC RESET FUSE 16V 6A RADIAL
	0.69
	$1.38

	 
	 
	 
	 
	 
	Subtotal
	$75.13









[bookmark: _Toc7360291]5.42 Current required for each circuit
LH front node – 22.6A
RH front node – 17.6A
Bulkhead – 47A
Centre – 44A
LH rear – 5.25A
RH rear – 5.75A
Pumps – 47.5A
Electric power steering main feed – 60A
Starter motor – 80A
The above current rating is for maximum values i.e. start-up values for items such as motors start up current can be between 5-8 times running current for a short period of time while the motor gets up to speed.
[image: ]
[17]
Also, fuel pump load at 4.5bar of pressure per pump, this system with two pumps running will be set between an estimated 2.5 and 3 bar pressure to give sufficient fuel rail supply and hence running currents will be far lower than max current however, cables size will still have to take into account the maximum current 

[bookmark: _Toc7360292]5.5 Electrical Components used in vehicle

Where possible original components will be used in the project therefore items such as the lights, wiper motor, door light switches, reverse switch, will be original to this car, however many items will be upgraded due to the increase in power and extra demand that motorsport brings.
The original steering system was not power assisted however with the increase in front type width comes extra resistance and therefore extra steering weight. To combat this an electric power steering system has been used from a 1996-2000 Vauxhall Corsa B, this system works well since it comes complete with its own power module and via a potentiometer and 555 timer can be made to have variable assistance would could prove beneficial depending on the type of event that is undertaken.
The original engine produced 75 hp, the new engine will produce up to 650hp therefore there is a much largely demand for fuel. To cater for this demand 3 fuel pumps will be used, 2 High pressure Bosch pumps which will feed the engine and one lower pressure Holly pump which will feed the swirl pot and prevent fuel starvation.
Since the vehicle doesn’t have a HVAC system built in an electrically heated front windscreen has been fitted to allow the driver to demist when necessary.












[bookmark: _Toc7360293]6 Chapter 6 - Component research
[bookmark: _Toc7360294]6.1 Microcontroller

For this system to be able to work a microcontroller or MCU is to be used at each node. The MCU will interoperate the information that is sent across the CAN network and via the program code inside execute a command. 
A microcontroller is simply a computer; but a special purpose computer, all computers have CPU’s (central processing unit) the CPU loads the program and executes its instruction based on inputs feed into it, it then can switch outputs as required
Micro controllers are often embedded inside other products such as TV’s Phones etc. but in this case a PCB inside of a case. As such they are sometimes referred to as embedded controllers
MCU’s are designed to run one specific program at a time; this program is stored in the read only memory and rarely changes.   These types of controller require very small power levels to run typically in the µA range which is very impressive considering the amount of work and power they are capable of.
They are very small and cheaper to buy and work in a wide variety of temperature ranges
[18]














To ensure the correct size microcontroller is selected for this project the total input and outputs must be determine for each node
	Inputs
	Centre 
	LH Front
	RH Front
	Bulkhead
	Pumps 
	LH Rear
	RH Rear

	
	ST1
	LH IND fail
	RH IND fail
	ECU fail
	HP1 fail
	LH Ind fail
	RH ind fail

	
	ST2
	LH side Fail
	RH side Fail
	Wiper fail
	HP2 Fail
	Side fail
	Side fail

	
	TP1
	LH dip Fail
	RH dip Fail
	Spare fail
	TP1 Fail
	Stop fail
	Stop fail

	
	Rev
	LH main Fail
	RH main Fail
	Spare fail
	Spare fail
	Rev fail
	Rev fail

	
	Int light
	Horn fail
	Spare fail
	 
	Spare fail
	Spare fail
	Plate fail

	
	IGN ON
	Washer fail
	Spare fail
	
	 
	Spare fail
	Spare fail

	
	Screen Fail
	Spare fail
	 
	
	
	 
	Spare fail

	
	EGT fail
	Spare fail
	
	
	
	
	 

	
	AFR fail
	 
	
	
	
	
	

	
	EPS Fail
	
	
	
	
	
	

	
	WI fail
	
	
	
	
	
	

	
	Dash fail
	
	
	
	
	
	

	
	Spare fail
	
	
	
	
	
	

	
	12
	8
	6
	4
	5
	6
	7

	Outputs
	Int light
	LH IND 
	RH IND
	ECU 
	HP1 
	LH Ind 
	RH ind 

	
	EGT 
	LH side 
	RH side 
	Wiper 
	HP2 
	Side 
	Side

	
	AFR 
	LH dip 
	RH dip 
	Spare 
	LP1 
	Stop 
	Stop 

	
	Dash 
	LH main 
	RH main 
	Spare 
	Spare 
	Rev 
	Rev

	
	EPS
	Horn 
	Spare 
	 
	Spare 
	Spare 
	Plate 

	
	Spare
	Washer 
	Spare 
	
	 
	Spare 
	Spare 

	
	WI
	Spare 
	 
	
	
	 
	Spare

	
	
	Spare
	
	
	
	
	 

	
	6
	8
	6
	4
	5
	6
	7

	Total I/O
	18
	16
	12
	8
	10
	12
	14






Key to the above table: -

	IND – Indicator

	EGT – Exhaust gas temperature

	AFR – Air Fuel Ratio

	EPS – Electric power steering


	Int light – Interior light

	HP 1 & HP2 – High pressure fuel pumps

	LP1 – Low pressure fuel pump

	IGN on – Ignition on switch


	Rev – Reverse

	ST1 & ST2 – Steering wheel touch pad 1 & 2

	TP1 – Touch pad 1 (centre console)

	LH – Left handTotal Node load -



	RH – Right Hand

	Side – side light
	Stop- Brake light
	Plate – number plate light



From the table above it can be noted that the highest I/O required by any module is 18 pins in the centre node.
While there are lots of manufactures of MCU’s on the market PIC by Microchip and Arduino are two of the more well-known brands and as such have good support system in place. Both these companies also offer a wide selection of MCU’s
[19]
Software to help design and program these boards is also available from the university which is another reason to use these. The Arduino is more a development board and as such has a wide array of content available to assist in the programming etc. while the PIC is purely a MCU and needs to be program using “C” code. Due to the ease of programming and the fact its open source a lot of programs are readily available on the web for simple commands and as such may not comply with the plagiarism rules and regulations that surround this level of qualification. In a PIC controller has been selected since the author will need to understand and be able to use “C” programming techniques to complete the desired objectives set.
[20] 


[bookmark: _Toc7360295]6.11 PIC micro specification

In order to select the correct microcontroller for this project the following items need to be taken into consideration. 
· 18+ I/O
· Built in CAN module
· Internal oscillator clock
· Watch dog timer

If the comparison tool is used on Microchip.com website
[21]
Completing a search for 8 Bit MCU’s with built in CAN module and max I/O of 36 pins. There are 5 options available, As can be seen in the table
[image: ]
256k EEPROM is a enough for this project so this narrows the choices between the 18f4480 and 18f4580. This decision was made to go for the 4580 since it offers more memory at little additional cost which may prove to be useful further into the project’s evolution when extra circuits and software complexity is added in.
While a 28-pin device would still complete the job for the difference in cost (circa $1) it was decided to go for the extra flexibility that the larger 36 I/O would bring. The author has also seen this microcontroller used in a similar project so has proven itself to well in this application [10]

[bookmark: _Toc7360296]6.12 Bluetooth module HC06

As mentioned previously in the original design the vehicle was going to use a touch screen which would require the use of a Bluetooth module to communicate between the touch screen and MCU. However, for the reasons explained previously the project took a different route, hence this device is no longer required
[bookmark: _Toc7360297]6.13 Can transceiver MCP2561
A CAN bus transceiver is required to link the raw data coming in from the bus network into a series of 8 bytes that the MCU can understand
[image: ] [22]
The transceiver also does the following
· It eliminates some of the noise on the system by using a differential amp which can detect the difference in the two signals coming in and use this information to output the correct signal as can be seen below
· It also provides protection for the CAN network as well as a dominant timeout to prevent bus lockup, should such a state occur the driver is switched to recessive state and restore the bus. 
· A Microchip MCP2561 transceiver chip has been selected since it will work with a 12v vehicle system and has a very low standby stand by current of 5µA
[image: ]
[image: ]
Above can be seen the protection elements inside the MCP2561 and how this integrates from the MCU onto the BUS network
[23]
[bookmark: _Toc7360298]6.2 Power management 
[image: ]To supply all the systems around the vehicle the power needs to be distributed from the main battery to each node of the system. While single cables could be run directly from the battery to suitable relays as per a conventional point to point system this would not look very aesthetically pleasing. A neat solution is to use a PDM or power distribution module. This unit takes a single large cable feed from the battery and distributes it into smaller cable which can run to the required circuit. While this is essentially what is done on a point to point system this system differs in that one large cable will supply a PCB and thus multiple circuits rather than 1 cable supplying one device as per point to point. To this end a PDM that consists of high current fuses and blade type fuses has been selected since it offers both great flexibility in terms of the loads it is able to supply and protect.
This unit offers 3 x midi fuses which are available from 30-200A & 4 x blade fuses which are available from 1 – 40A so is perfect to supply each node of the vehicle
[24]

 



[bookmark: _Toc7360299]6.21 Relays
In conventional systems relays are used to switch high current loads such as lights etc by using a low current switched supply, A relay works by applying current to create a magnetic field to open or close contact depending on their configuration. These items work perfectly well however they are can become quite large as higher current ratings are needed and do have a life cycle which is around 100,000 operations. However the relay does have the benefit of total electrical isolation between switch and load contacts.
[image: ]Here it can be seen how a relay would be used in a basic lighting circuit [25]



[bookmark: _Toc7360300]6.22 Mosfets

Mosfets or Metal Oxide Semiconductor Field Effect Transistor, is as the name suggests a transistor or basically a switch. It works by electronically varying the width of the channel in which charge carriers flow. The charge enters the device at the source and exits via the drain with the gate being used to apply the voltage required to turn the device on or off
[image: ]Mosfet used in a simple lighting circuit
[26]








Mosfet have the benefit of having no moving parts and as such do not suffer from the same degradation as that of a relay does, they are also compact and easily PCB mountable. On the downside they do give off heat especially when higher currents are applied.

[bookmark: _Toc7360301]6.23 Power Mosfets
Power Mosfets work in largely similar way of that to normal Mosfets however their construction is different, where a normal Mosfet features a planar construction see below
[image: ][image: ]
[bookmark: _Toc7079001]Figure 9 - Planar Mosfet			Figure 10 - Trench Power Mosfet

[bookmark: _Toc7360302]6.24 Integrated circuits for automotive use
With all the demands of modern vehicles and the limited space that is available to package electrical components automotive Mosfets are integrate onto a circuit of their own to combine a variety of features in one package. While there are many manufactures of automotive grade Mosfets the author had chosen to use Infineon since they offer a broad spectrum of products and have a good aftersales team for technical support.
These integrated circuits feature far more than just the actual FET. Below can be seen a BTS441RG 
[image: ]
This is a single channel device with a Vin of -10 >=16v and a supply voltage of up to 43v
This is therefore well within the realms of this project with a Vin of 5v and supply voltage of 12v
As can be seen above this device offers the following
· Overload protection
· Current limit
· Temperature sensing to allow thermal shutdown
· Open load detection
· Short circuit protection
· ESD protection
It also offers a diagnostic output on the ST pin which will go low should there be a fault condition such as an open load or short circuit. This signal can then be feed back to the MCU and an alternative command made, or warning illuminated.
It also features charge pump and gate control; charge pumps are used in high side drivers for gate driving. Unlike a BJT a Mosfet does not require constant power on to the gate as long as the device is not being switched on or off. However, each time the Mosfet is switched the gate capacitor must be charged and discharged. As a certain gate voltage is required for this switching the capacitor must be charged to at least this voltage in order to switch, by the same token the gate capacitor must discharge in order to switch off. When current is applied to the gate to switch the device heat is generated and the longer the device takes to switch the more heat will be generated since the time it takes to switch the gate is inversely proportional to the gate current therefore switch times need to be as short as possible especially when driving the devices from MCU which can only output a few hundred mA. To improve switching response and ensure the MCU does not have an overcurrent situation a gate driver is used 
A as Mosfet is a voltage driven device, a voltage equal to the threshold voltage needs to be applied to the gate in order for the device to switch. The threshold voltage is defined as the minimum bias required to create a conducive path between the source and drain.  However, the gate of a Mosfet can be considered to be a capacitor and the gate voltage will not increase until such time that the capacitor is charged. The gate control mentioned above is used to ensure the capacitor is sufficiently charged and the charge pump id used to ensure the voltage to ensure it is equal to above the threshold voltage. [27]
[image: ]
[bookmark: _Toc7079002]Figure 11 - Gate driver
6.24 Mosfet required for project 
All the Mosfets selected for this project are automotive grade from Infineon. They are all high side switched IC’s since this offers all the elements listed above.
BTS441RG – Current capacity 21A – 1 channel[image: ]
[28]





BTS5016-2EKA – Current capacity 8A or 6A depending if 1 or both channels used – 2 channels
[image: ]
[29]


BTS5030-2EKA - Current capacity 6A or 4A depending if 1 or both channels used – 2 channels
[image: ]
[30]

BTS50015-1TAD - Current capacity 33A – 1 channel
[image: ]
[31]


With these four different Mosfets all the systems around the vehicle can be driven. While more types of Mosfets could have been selected to closer match each circuits loading the Author has tried to limit the amount of different types used to keep commonality and to make it easier to have replicate each node where possible. 
[bookmark: _Toc7360303]6.3 Cable selection
There are a number of different types of cable which can be used in this application but the two most common are standard PVC and thin wall.
Both cables do the same job, but Thin wall refers to the size of the outer insulation o the cable. It offers a thinner wall and hence less weight compared to that of the standard PVC type as it is constructed from a harder material which has better electrical insulation and a broader working temperature range. This type of cable when used throughout the vehicle can offer sustainably weight savings however due to the hard-outer insulation it is not as flexible which is fine for smaller size cables but may cause issues with large cables such as batter cables.
[32]
[bookmark: _Toc7360304]6.31 Current and cable sizing
[image: ]
Above is a general guide on the conversion from AWG (American wire gauge) to square mm and the applications that the relevant cable would be used for 
[33]




	Function
	Current
	Cable size (metric)
	Cable size AWG

	LH front node 
	 22.6A
	2mm
	14

	RH front node 
	17.6A
	1.5mm
	16

	Bulkhead 
	 47A
	6mm
	9

	Centre 
	 44A
	6mm
	9

	LH rear 
	5.25A
	0.5mm
	20

	RH rear 
	5.75A
	0.5mm
	20

	Pumps 
	47.5A
	6mm
	9

	Electric power steering main feed 
	60A
	10mm
	7

	Starter motor 
	 80A
	16mm
	5



The above table is based on using thin wall automotive grade cable. These are the cable sizes required to feed each node from this main feed cable each circuit would be feed from a small size cable depending on the circuit loadings.
[bookmark: _Toc7360305]Motor sport application
[bookmark: _Toc7360306]6.32 ETFE, type 55
While standard thin wall cable is perfectly fine for an OEM application it is built as a compromise between weight and cost. While lighter materials could be used it wouldn’t be financially practical to mass manufacture wiring harness in motorsport grade wiring.  If the aerospace industry is considered where weight is more of a concern, the harnesses are far lighter in their construction which is vital considering the Airbus A380 has over 530KM of wiring in it.
Motorsport has taken the technology used within the aerospace industry and applied it to vehicle harnesses. The evolution means that a lot of the components used on aircraft and also military specification vehicles are now common place in this field.
To this end the commonly used cable is Type 55 which is a trade mark of Tyco Electronics this is seen by many as the standard choice for motorsport harness construction. It is also recommended by HP academy who offer bespoke courses tailored to motorsport harness design & construction.
[34]
The actual designation for Spec 55 is MIL-W-22759/32-35 and 41-44. This type of cable is known as Tefzel or ETFE


[bookmark: _Toc7360307]What is Tefzel®?
Tefzel® is a fluorocopolymer thermoplastic material.  Tefzel® is sometimes referred to as ethylene tetrafluoroethylene, ETFE or Tefzel® ETFE.  Tefzel® has excellent electrical properties.  It also has good resistance to both heat and chemicals.  Due to these characteristics it is widely used in many industries and applications.  Tefzel® is commonly found in aerospace and aviation applications.
[bookmark: _Toc7360308]Common types of Tefzel® Wire or Cable
· Aviation Wiring
· Aerospace Wiring
· Nuclear Cables
· Electronics Wiring
· Medical Wiring
· Appliance Wiring
[image: ]
[35]
Cost comparison between thin wall PVC and Tefzel type 55 cable
[image: ]
£37.42 [36]

[image: ]
PVC thin wall cable weight [37]
[image: ]
£121 [38]
[image: ]
[39]

PVC cost per 100m - £7.48 – Weight G/M – 16g
Type 55 cost per 100m - £122 – Weight G/M – 12.35g
This is based on 1.5mm PVC and 16AWG Type 55 respectively. From these comparisons it can be seen how it would be financially unviable for the major vehicle manufactures to use the Type 55 cable, it can also be the extent of the weight saving that could be achieved from using this cable throughout the vehicle, per 100m, 365g could be saved with this example. While this might seem like a vast amount if this is extended to all circuits in the vehicle and especially when large cables are considered which is why this type of cable is used in the pinnacle of motorsports which include F1 and Moto GP, this combined with its excellent electrical properties and insulation protection make the cost justifiable in this application.
[bookmark: _Toc7360309]6.33 CAN Cable

CAN cable comprises of a twisted pair with sizes ranging from 20>26 AWG outside of the cores lie a thing PE sheath followed by a metal braid which can be used as a ground to limit noise interference followed by a PUR outer insulation. This cable is designed to be suitable for fast data transmission across the CAN network, be flexible so suited to automotive application
[image: ]
These cables will be terminated into and out of each node with 120Ω resistors at each end of the network. [40] 
[bookmark: _Toc7360310]6.4 Circuit protection
There are a few ways of protecting the circuits around a vehicle, the protection devices are in place to protect the cables and connected devices from over current or short circuit. Traditionally conventional blade fuses have been used. A fuse works by melting and opening the circuit when the current is more than its specified rating, while these are a cheap and easy method they are a one shot device i.e. once they have blown they must be replaced[image: ]
[bookmark: _Toc7079003]Figure 12 - Blade fuse
[image: ]
The three most commonly used fuses in automotive industry Maxi, Mini & ATO
Another commonly used protection device is the circuit breaker, the benefit of the circuit breaker is that is doesn’t need to be replaced rather reset which is a better solution for this application since it would allow quick and easy recycling of power during an event, these are common place in motorsport application but not so much in OEM application due to the cost and the fact they tend to be placed in easy reach of the driver which would be unsightly and in practicable in a road car. Again much like the Type 55 cable a lot of the circuit breaker technology used comes from the aerospace industry
[bookmark: _Toc7079004][image: ]Figure 13 - CB
The final method of circuit protection is the PPTC or Polymer Positive Temperature Co-efficient. This device like the circuit breaker doesn’t need to be replaced when an overcurrent condition occurs, unlike the circuit breaker it also doesn’t have to be manually reset.  








[bookmark: _Toc7360311]6.41 Polyfuse
 PPTC are a solid-state device and as such have no moving parts so there do not suffer from the same degradation as mechanically switched devices such as the circuit breaker. These devices work by increasing their resistance as their temperature increase. Under normal operating conditions the material in the PTC is in the form of a dense crystal with many carbon particles packed together, these carbon pathways provide a path for the current to flow as their resistance is low
[image: ]
Under a fault condition when current increases and thus heat increases the polymer structure expands pulling apart the carbon chains which increases the resistance and stopping current flow. When power to the device is removed the polymer cools and allows the carbon structure to reform and allow current to flow once again
[image: ]
[41]
These are perfectly suited to lower current application such as lighting circuits, gauge supplies etc. The other benefit of the PTC is they are PCB mounted so remain very discrete. Howeve, for this project a mix of circuit breakers and PTC have had to be used to cover the various current demand since PTC’s are only available up to a trip current of 27A, where Circuits breakers are available up to 50A ratings
[image: ][image: ]
[bookmark: _Toc7079005]Figure 14 – PTC			Figure 15- CB

	Device
	Cost (based on 5A)
	Available Current
	Resettable
	Location appearance

	Fuse[image: ]
	£1
	80A>
	No
	Good can be mounted out of sight 

	Circuit breaker[image: ]
	$26
	>50A
	Yes
	In sight and reach

	PPTC[image: ]

	£0.93
	>27A0
	Yes
	Good can be mounted out of sight



The author would have chosen to use PPTC’s for all circuit protection as they are cheap, compact and automatically resettable however as mentioned previously they will not service the higher current load devices such as the heated screen etc.



[bookmark: _Toc7360312]6.5 Battery
[bookmark: _Toc7360313]6.51 lead acid
Flooded batteries – this is the type of battery normally used in passenger vehicles, with this type the electrolyte is free to move, and the cell compartments are accessible to top up with distilled water.
The down side to this type of battery is they are heavy and have the potential to leak acid
Sealed – this type of battery is almost the same as a flooded battery however the cell compartments are not accessible in this type therefor greatly lowering the risk of any acid leakage
[bookmark: _Toc7360314]6.52 AGM
Absorbed Glass Mat AGM – this again uses the same principle as above sealed battery; however there is an absorbent glass mat suspended close to the plates, this enhances the recharge/discharge efficiency of the battery
Gel – This is similar to the AGM battery in that the electrolyte is suspended but where the AGM type is still deemed a wet type battery the Gel is not.  This is down to silica additive that is placed in the electrolyte which causes it to stiffen up.  The positives to the type of battery are that works well in high temperature environment however they are the most sensitive type of battery to overcharging.
[42]
AGM batteries are the most commonly used type in motorsport. One of the most common manufactures is Odyssey
[bookmark: _Toc7360315]“Odyssey Extreme Racing Batteries for Race and Rally cars. Manufactured by Enersys, the original manufacturer of the U.K's most widely used motorsport batteries, historically being marketed under various different brand names.

The Odyssey Extreme range of racing batteries has been vastly improved and increased. Each battery has been built to withstand the extremes of competition racing and rallying. Increased vibration resistance allows them to withstand the constant pounding, extreme heat and vibration which competition engines can generate. They have the capability to start high compression engines which have large current draws.” [43]




[bookmark: _Toc7360316]6.6 Main battery isolation 
[bookmark: _Toc7360317]6.61 MSA regulation for main battery cut off
· To obtain an MSA logbook for the vehicle it must comply with the MSA regulations
· The below text is taken from the 2019 MSA year book and give details for stage rally cars
· “48.10.2. be equipped with an internal switch that is capable of isolating all electrical circuits and completely stopping the engine. The operating switch must be positioned so that it can be operated by the driver and the co-driver when normally seated with seat belts fastened. 48.10.3. be equipped with an external circuit breaker complying with K.8”. 
For full break down of K.8 please refer to page 172 of 2019 year book
[44]
There are a two main methods of main battery isolation
1) Pull cord mechanical type switch
2) Electronic switch
	Device
	Cost
	Degradation
	Fitment
	Current

	Pull cord [image: ]
	£25.90
	Can be high since high currents are being switched which will cause the contact to breakdown over time
	Pull cord need to be run through vehicle to dashboard
	90A

	WRC style solid state [image: ]
	£138
	Low as no moving parts
	Very good 
	500A



[bookmark: _Toc7360318]The benefit to using the solid state is that it has no moving parts, can be mounted close to the battery and is available with an Aux contact so when the switch is made it can also switch the 5v system on that operates the MCU. The system uses a latched normally closed switch on the scuttle panel and a latched normally open contact on the centre console. When the driver gets into the vehicle the N/O contact will be pressed which will then put power onto the coil of the main isolator relay and hence feed the 5v, however to comply with the MSA regulation a marshal must also be able to isolate the system which is where the external switch comes into play. Should a fault situation occur the N/C will be pressed which will disconnect the supply to the coil on the master relay and totally isolate the battery from the electrical system
[image: ]
[bookmark: _Toc7079006]Figure 16 - Main relay





[bookmark: _Toc7360319]6.7 Operating voltages
While the main battery operates at 12v the MCU and input switches run at 5v, to this end a voltage regulator needs to be used. This will be supplied through the main relay aux contact so when the main isolation is switched on it will also supply all the 5v control systems
[bookmark: _Toc7360320]6.71 Voltage regulation LM7805
A LM7805 has been selected since it is PCB mounted and has a maximum output of 1.5A which is more than enough for the 5v control system each MCU is in the µA range and Mosfets in the mA range (both figures taken from device data sheets). While other voltage regulators are available with higher/lower current ratings this device was selected since it offers enough capacity for what is required it is available on the simulation software package that is being used.
[image: ]

[bookmark: _Toc7360321]6.8 Connectors

When considering appropriate connectors a few things must be taken into consideration
· Environment they are going to work in
· How often they are likely to be connected/disconnected
· Loads required to go through them
· Cost

OEM would use plastic connectors with a up to 50 mating cycles, these connectors are fine for application where they are unlikely to need to be frequently disconnected and are proven to last well in harsh environments such as engine bays where temperature can be high under normal operating conditions.
 In a motorsport application these connector are not ideal since components are being subject to more extreme use by very nature of the environment i.e. as an example an engine would need a rebuild circa every 5000 miles due to the stress it is under so therefore the connectors associated with this would have more frequent mating cycles compared to OEM which may go 100k’s of miles before rebuild
This is where motorsport grade connectors are used, these are rated at 500 mating cycles, are made from metal so can cope with higher temperature ranges and are available with many pin configurations to suit the application, this can even consist of used different size wire in the same connector i.e. 16AWG with 22AWG.
The downside to the connectors is the cost, if a 1.5mm 3 way connector is taken for the plastic and 8 pins for the metal connector as this is the lowest pin configuration for 1.5mm cable. 

	Connector
	Temp rating
	Mating cycles
	Cost

	Sureseal (plastic) [image: ]
	>105°C
	30
	£2.88

	Autosport (8 pin Metal) [image: ]
	>175°C
	500
	$69



Above data of connectors is from Simtek UK – Sureseal
		        		 Lanemotorsport – Autosport Respectively.
It is because of the higher temperature range, increase robustness and increased mating cycle life that the Autosport connectors are seen as the industry standard for motorsport harness connectors
[45]



[bookmark: _Toc7360322]6.81 PCB connectors


While Autosport do a range of PCB mountable circular metal connectors which would be very nice to use the author has decided not to go down this route as these connectors are not going to be frequently connected/disconnected and will be in each corner, centre and rear of the vehicle away from major heat sources therefore to keep costs and to make connector availability easier standard PCB connectors will be used in these application only 
[image: Main Product]
These connectors are cheap to buy and available from a large range of stockists such as RS components, Farnell, Mouser etc.









[bookmark: _Toc7360323]6.9Heat shrink DR25

DR25 by Tyco electronics is seen as the standard for heat shrink within this environment 
[image: ]
[bookmark: _Toc7079007]Figure 17 - DR25 spec

This shrink tubing is available with various shrink rates and also available with various moulded shapes to fit onto electrical connectors to make a complete wiring system
[image: ][image: ]


[bookmark: _Toc7079008]Figure 18 - Completed connection
It can be seen how the complete wiring system would come together using Type 55 cable, Autosport connector, DR25 shrink tubing and moulded boot. This set up would provide a robust, reliable and secure solution which is why it is used within the environment [45]

[bookmark: _Toc7360324]6.10 PCB box material

The PCB nodes that are around the vehicle need some form of mounting. While an off the shelf item could be source in either ABS or metal the author has decided to use a local engineering company with a 3D printer to construct the box. This will be made out of ABS plastic and will be a neat solution to the issue with minimal excess material. The other advantage to getting these item custom made is mounting tabs can be printed into the box to mount precisely where needed so these nodes can be placed out of sight which will enhance the visual look of the installation.
 Exact costing and sizes are not available in the scope of this project, but the author will continue to get the items manufactured at a later stage when the PCB’ are constructed to and exact fit can be achieved. 





















[bookmark: _Toc7360325]6.11 – Touch pads
While touch pads can be bought that are preconfigured to have Mosfets etc built into them as previously stated the author has opted to use a low cost touch pad which are readily available from major stockist, the benefit to using this method is the touchpad can be configured to give exactly the required input voltage into the MCU, also the author is able to selected the exact ratings for each circuit that is required rather than using a generic version
[image: ]Figure 19 - Touch pad 

The touch pad above is available from RS components at a cost of £20.66, cheaper versions are available from £2 however the one pictured above has illumination when buttons are active. This touch pad would be mounted in the centre of the vehicle and have a screen-printed overlay so each button will have a depiction of what its actual function will be. For the steering wheel touch pads the author has selected a unit made by OBR UK since they fit well onto the steering wheel spokes and will be easy to access during use
[image: ]
Figure 20 - OBR steering switches
These switches are also pre printed with their function on so will make installation very easy, the also are compatible with the PIC since they require a 5v input and then give out a varied resistance depending on which button is pressed as per the simulation shown further on in this report.

[bookmark: _Toc7360326]7 Chapter 7 – Design & implementation
[bookmark: _Toc7360327]7.1 PCB/circuit design
`[image: ]


[bookmark: _Toc7360328]Above is the initial hand drawn draft of the nodes design
Mosfets
			LM7805 voltage regulator 
[bookmark: _Toc7360329]CAN transceiver
[bookmark: _Toc7360330]PICKIT 3 
[bookmark: _Toc7360331]			PIC18f4580
PICKIT 3 is a device used to program & debugging of the MCU, in reality there would just be a connection for this device but for illustration purposes the author has included it on this original concept. It can also be noted the inclusion of the de-coupling capacitor from the voltage source to the CAN transceiver. This capacitor is used to reduce noise be decoupling one part of the circuit from another and shunting the noise through the capacitor. In the initial design only 1 capacitor was used in reality 2 would be used as shown below.
[image: ]
[bookmark: _Toc7079009]Figure 21 - Decoupling Cap
The CAN transceiver is also listed here as MCCP2551 however after conducting further research the MCP2561 was selected since this a newer model and is capable of running at higher transmission speeds at the same cost. The CAN transceiver also has a 90KΩ resistor attached to the slew rate/slope control pin, slew rate reduces the rise and fall times of the CAN H & CAN L and further reduces EMI. 
[bookmark: _Toc7360332]The initial draft gives and ideal of how each node will look and proves the basis for the author to start from when doing Proteus simulation and testing.


[bookmark: _Toc7360333]7.2 Proteus original circuit model
Initially the author had wanted to use a hierarchy method of compiling the Proteus schematic. This simply means that inputs and outputs are on one layer (parent sheet) and the MCU, Mosfets etc are on another layer (child sheet). This was done to try and make it easier to read the schematic and also to make it neater.
[image: ]
Above is the parent sheet for the LH front corner. The outputs can be seen for the lights, fan, horn and washer pump. On this parent sheet there are no inputs other than power as the input signals will be supplied via the CAN network
[image: ]
The child sheet inside the parent sheet shows the MCU and the Mosfets and fuses etc to drive the input signals. This design would be rolled out to the other nodes and then all nodes combined
[image: ]
Above shows the centre MCU and LH combined via the CAN network, this principle would be the same for the rest of the nodes.
Ideally the above method would have been selected by the author however upon further testing of the system the simulation wasn’t able to run. This is due to the fact that the MCU was hidden within the child sheet so any inputs or outputs that were being made were unable to be seen. Therefore, a different method had to be used in order to simulate the system.














[bookmark: _Toc7360334]7.3 Proteus amended circuit model
After trying and failing to use the above method the author opted to place the nodes on a single page so all input and output values could be seen 
[image: ]
[bookmark: _Toc7360335]7.31 Input / Output operation of a single node
As a start point 3 inputs where used which would simply activate 3 outputs. This would be used as a base to confirm that the setup of the MCU is correct and that the system is working as expected. In this case when an input is pressed either the interior light, reverse light or ignition power will become active.
If IGN on is looked at it can be seen in the software code that when the IGN ON pin becomes high i.e. the switch is made it activates a several functions at the same time which is precisely what would happen when the ignition switch in a road car is activated, systems such as dash power, window power etc would become active.
In this case when the ignition switch is pressed PIN D3 is made high, by doing this Pins C0, C1, B0, B4 are all made high (AFR, WI, EPS, EGT). 
[image: ]
However, if the switch is not made the output to the above pins remains low as can be seen from the above code.


In reality the IGN on switch would link into the main battery isolator and work as follows
[image: ]
If the external N/C switch is closed and the N/O internal switched is pressed the main battery isolator coil will be pulled in which in turn will pull in the AUX coil and apply 5v power to PIN D3 on the centre MCU. By using this method of battery Isolation is meets the MSA standard mentioned previously in the report [44]
[bookmark: _Toc7360336]7.32 Function testing of single node
[image: ]
When the ignition switch is open PIN D3 is low and no outputs are made
[image: ]

Once the switch is made pin D3 has gone high and Pins B0, B1, C0, C1 are also high which in turn makes the required outputs proving this stage works. No data is transmitted over the bus since only outputs related to this node are required.









[bookmark: _Toc7360337]7.4 Communication between nodes

As stated initially communication and functionality will be established between two nodes, once this method is proven to work it can be rolled out to the other nodes at a further date as they will just be a replication of the first 2 nodes with different characters and Pin numbers relevant to the individual nodes.
At the stage RS232 communication serial communication has been used. The reason for this choice at this stage is it will still prove concept but no arbitration etc will have to be considered. Once the system is proven the CAN bus protocol can be implemented instead of the RS232
To this end the next stage of design was to link the central node to a corner node, in this case the LH front node was selected since this has extra outputs to control items such as horn, Fan, washer pump etc
[bookmark: _Toc7360338]7.41 Two node schematic
[bookmark: _Toc7360339][image: ]   

To communicate between the two nodes the TX & RX pins are used (Pins B2 & B3) these are connected TX to RX so that one transmits the data and the other node receives it and vice versa. 
Once communication has been established a test was conducted to ensure that data was transmitted across the network. To do this command a “PrintF” is used on the centre MCU and “Getch” used at the LH node this method simply tells the system that it wants data to be transmitted rather than operating I/O from a single node as in the first experiment. The %C is a place holder for the variable q, when the system is running this will be replaced by q.
For this experiment REV switch PIN A4 and INT light A5 have been used as inputs to the centre MCU since these are just on/off switches and will be easier to see the effect of the commands
[image: ]If Pin A4 is set as high then the system will communicate a character value of 1, this value could be another number or letter and is just used to communicate the data 
If Pin A5 is high the system will send a value of 2
[bookmark: _Toc7360340][image: ]



At the Left-hand node if a character is received then the system is told to print the character as in the stand-alone node. It does this by printing the character if the character is equal to the value represented by q i.e. if a 1 is transmitted from the centre MCU the LH will receive the character value 1 it will then compare this to the q value, depending on this will depend on its action
In this case if a value of 1 is transmitted from the centre MCU the LH will see this character and compare to values if any values are equal to a value then the program will be executed. 
So, if 1 is transmitted Pin A3 will be set high on the LH node









[bookmark: _Toc7360341]7.42 Two node communication testing

In order to complete the testing of communication between the two nodes, two terminals are needed which display the data transmitted and received from RX > TX and vice versa
[image: ]
On the have been established the system could then be simulated. When no buttons are depressed character’s 3 & 4 are expected since this will keep pins A3 & A5 at a low state on the LH MCU
[image: ]
Outcome has been confirmed and characters 3 & 4 displayed which shows these are getting transmitted correctly. If REV switch is made PIN A4 will be high and character 1 will be transmitted
[image: ]


It can be seen above when Pin A4 goes high character 1 is transmitted 

Character 1 has set PIN A3 high on LH MCU
 Which in turn has put 5v onto the Mosfet and switched the 12v [image: ]


[bookmark: _Toc7360342]7.5 Implementation of touch pads
The next stage of schematic design is to add a touch pad to prove the concept of this working,
At this stage a 2x2 touch pad has been used which would be mounted to the steering wheel ST1, 
[bookmark: _Toc7360343][image: ]



The touch pad created consists of 4 buttons and therefore 4 different signal levels into the MCU. This method is slightly more complex than the methods previously used since it is not a digital on/off signal being supplied to the MCU. However, using this method will give four different operation from one analogue input
To start with 5v will be applied on VCC, a pull-down resistor R11 is then used to ensure that the input pin of the MCU is low. By adding in 5 resistors and voltage value could have been created using basic ohms law to firstly work out the system current (V/RT) then using this current to multiple with the various resistor values to get the desired voltage outcome.
In this case voltage values of 2v, 3v, 4v & 5v have been used to represent the 4 push buttons.
In the simulation schematic a temporary SPST switch has been used to establish the voltage inputs into the MCU since the push buttons on the touch pad are configured to be momentary in operation and therefore would not work for the experiment.
[bookmark: _Toc7360344][image: ][image: ][image: ][image: ][image: ]


As the touch pad buttons will have more than one feature per button ion some cases i.e. light’s where one button will operate the side light and dip beam, to start with one function per button is tried to confirm operation
In order for the system to convert the analogue input voltages in to a meaningful output an ADC converter must be used to this end a conversion must be done, as an 8-bit MCU is being used which has an ADC value of 0-255 the following is done to calculate this
 
4v input = 205, 3v input = 153, 2v input = 102, 1v input = 51
[bookmark: _Toc7360345][image: ]
In order to make this system work firstly the MCU needs to be told which pins it is to use for int’s analogue inputs. Also, st1 is set to 0 as to ensure it always comes back to this values when the commands have been expected
[image: ]This line of code is used to set which input is connected to the ADC. Next the system reads the value applied to the ADC and sets ST1 to this value. Depending what this value is will depend on what the output does, i.e. if a value of 100 is set in the ADC the MCU will transmit a character “B”
From the above calculation value ranges have been put in place to represent the real analogue voltage values applied to the MCU.
If the input is low (under 0.5v) the system will transmit character “Z”










[image: ]`The operation of the LH MCU is much the same now as the single push button in that when characters “E” or “D” are sent output pins B1 or B0 become high, if “Z” is sent they pins remain low[image: ]



				D printed, B0 high



[image: ]Z printed

Outputs low












[bookmark: _Toc7360346]7.51 Touch pad with multiple functions

Some functions of the system require multiple outputs from the same input such as lights. When a button is pressed once side lights will come on, twice dip beam will come on and three times will turn the light off.  This works by the following method
[image: ]

If a “C” character is transmitted from the centre MCU, then the “lights” flag will no longer be equal to 0 in the LH node. If this is the case the system knows that it must be equal to 1. If equal to one PIN A2 is made high and side lights are brought on. If the “C” character is transmitted again then the counter will increment to 2 which in turn will make PIN A4 high and switch on dip beam.
If “C” is transmitted again the counter is reset and as “lights” will now equal 0 both PINS A2 & A4 will be made low and thus lights off.







[bookmark: _Toc7360347]7.52 Testing of multi-function from one button
[bookmark: _Toc7360348][image: ]




Button 6 when pressed once transmits “C” from centre MCU which in turn sets Pin A2 high on the left MCU, this then switches the Mosfet for the side light as sown above.
When the button is pressed again a second “C” character is transmitted, this then turns on the dip beam as well as the side light by setting Pin A4 high 
[image: ]







Finally, when the button is pressed again a third “C” character is transmitted that turns off both lights
[image: ]




[bookmark: _Toc7360349]7.6 Indicator flashing

When button 6 is pressed on ST1 Character “B” is transmitted from the centre MCU to the LH MCU,
[image: ]
Ind flag is set which will toggle output PIN A1 sat a frequency of 1hz since timer 2 has a 16.3mS interrupt. If this interrupt is multiplied by the count value of 31 = 505.3 which gives our 1hz frequency.
[image: ]
When the node receives this command timer 2 is started, which in turn toggles the output high/low at the 1 Hz frequency 
[image: ]

Until such time that 40 counts have incremented which equates to 20s total duration (10s on 10s off). At this time “ind” will be reset, since this is no longer equal to 1 PIN A1 will be set low and indicators are switched off.



[bookmark: _Toc7360350]7.61 Testing of indicator flashing
[image: ]

“B” transmitted, setting “ind” to 1 and starting timer 2, Output PIN A1 high, indicators flash at 1hz frequency.
[bookmark: _Toc7360351]7.7 Load failure 
One of the reasons for the author selecting the Power Mosfets is that the have a diagnostic port as part of the IC. This is particularly useful when applied to an automotive application as if one load fails it can be switched to another. For example, as the vehicle will use 3 fuel pump 2 of which are high pressure, conventionally the two pumps would run together so if one pump fails no loss of fuel pressure will occur which could destroy an engine. With this system one high pressure pump could be run at a time and if a load error occur the system could automatically switch on the stand by pump.

[bookmark: _Toc7360352]7.71 Load fail test
For this test an experiment will be conducted so if an indicator light fails the side light will flash.
[image: ]
From above if the indicator toggle flag is active and Pin C0 is high (indicator Fail) then Pin A2 (side light) will be made High
[image: ]


Normal operation Indicator flashing no signal onto Pin C0
[image: ]




Fault condition occurred, C0 active side light now flashes. While the simulation shows both the indicator and the side light flashing in reality this situation would only occur when a lamp fails rather however, to prove concept a temporary switch has been added. 
This same approach will be rolled out to all system that require it.

[bookmark: _Toc7360353]7.8 Additional capabilities

As the project is an ongoing evolution where by extra outputs may be required at some point in time should the author add addition components or complexity to the system. To this end additional Mosfet’s are built into each node 
[image: ]Centre MCU spare, LH MCU spare
[image: ]

These spare outputs are currently configured from two SPST switches however in future evolutions they could be configured from a touch pad 
[image: ]
[bookmark: _Toc7360354][image: ]
For the LH spare when PIN D5 is high character 2 is printed, When this is received by the LH MCU PIN B4 will go high
[image: ]
For the centre MCU if PIN D4 is high the MCU will output on PIN B4
[image: ]
This mode of operation will be replicated on all nodes to give total flexibility of the system and ensure that it is futureproof. 




[image: ]
How the system would evolve, above can be seen the centre MCU and front LH & RH MCU’s, the rear set up would replicate this and as mention previous the software code would be very similar as the functions are very much the same.





[bookmark: _Toc7360355]8 Chapter 8 – Evaluation & Conclusion

Overall the testing of the design model proved to be successful with the expected outcomes achieved however initially some problems were identified with the hierarchy model as previously stated in the report. While this was not a major issue and proved to be fairly easy to resolve it still was a time-consuming exercise which the author had not planned for 

[bookmark: _Toc7360356]8.1 Result compared with set objectives
Original Mandatory aims
[bookmark: _Toc7360357]Mandatory aims
· [bookmark: _Toc7360358]Build centre MCU and a corner MCU on Proteus 
· [bookmark: _Toc7360359]Write software to control nodes via CCS complier
· [bookmark: _Toc7360360]Simulate the above nodes ensuring the communicate
· [bookmark: _Toc7360361]Run evaluation test to verify that the centre node is able to control the outputs both on the centre MCU and corner MCU
· [bookmark: _Toc7360362]Have a greater understanding of motorsport wiring in general, which will include

[bookmark: _Toc7360363]If the above mandatory aims are taken into consideration it can be seen that from this aspect the project has been a successful one. Nodes have been designed and built for the centre and left hand areas of the vehicle and are able to be controlled from both independent switches and also from touch pads which is what the concept called for. The nodes have proved to work through the simulation testing undertaken which has included 
· [bookmark: _Toc7360364]Input & output testing from a single node, 
· [bookmark: _Toc7360365]input & output testing from one node to another, 
· [bookmark: _Toc7360366]Multiple inputs functions from one input to another node
· [bookmark: _Toc7360367]Indicator flashing
· [bookmark: _Toc7360368]Ability to switch function when a fault situation occurs
· [bookmark: _Toc7360369]Spare capability to ensure the system is future proofed
[bookmark: _Toc7360370]While the system has proved to be successful using an RS232 protocol, the author has not been able to implement CAN protocol during the timescale of this project, in this respect the project has failed as the project protocol was to use this method. 
[bookmark: _Toc7360371]While the CAN protocol has not been implemented the concept of data transfer from one node to another has still been proved and CAN protocol can be added onto the system at a later stage. There are a number of reasons for the CAN not being used at this stage but the main reason is down to timing. The author underestimated the amount of research that would be required to compile enough information on motorsport vehicle wiring harnesses and also the components involved within the PCB design.  The other reason for not using this method is it is very hard to simulate since Proteus doesn’t have CAN transceivers in the software, because of this these would have to be made from individual components and even then may not bare an exact resemblance to the CAN data that would be expected from the transceiver. 

[bookmark: _Toc7360372]From above it can be seen that the mandatory aims have been met, however, the desired aims listed below have not been met

[bookmark: _Toc7360373]Desirable aims
· [bookmark: _Toc7360374]All seven nodes simulated and working
· [bookmark: _Toc7360375]PCB’s built
· [bookmark: _Toc7360376]Vehicle wiring completed
· [bookmark: _Toc7360377]Shakedown of the completed system
[bookmark: _Toc7360378]The last three point have not been practicable to complete until the PCB’s have been built/tested and located into the vehicle so accurate wiring lengths can be made.  
[bookmark: _Toc7360379]Despite not simulating the seven nodes required, the author now has a good footing to complete this work going forward as the concept has been proven and just needs to be rolled out and implemented on the other node which all have very similar construction and functionality.
[bookmark: _Toc7360380]Another issue that the author had found is some of the components listed in the above table are not available in small numbers rather is batches of 1000, this proved to be the case for PPTC fuses. As a result of this the author had to use a different manufacture of the fuses. While the still have the same rating and characteristics it proved to be an extra delay that the author had not taken into consideration.  





[bookmark: _Toc7360381]8.2 Improvements 
While the system worked very well it is felt that a few small modification would further enhance the usability of the system. These would include the following
1) Introduction of multicolour LED’s on the touch pads. This would be of great value on buttons that have a few functions such as lighting. This would serve the purpose of allowing the user to know exactly which output is on at any one time. For example the led could be green in off state, with one press side lights on and blue led, with two presses side and dip on and red led further press and back to blue. The blue LED may also be usefully on all touch buttons to show the state of the button output 
2) Since the system is setup to give inputs back to the relevant MCU should a load failure occur it may be beneficially to have a fault display which would consist of an LCD display. This would be a good addition as the system may develop a fault automatically switch to a different load however, the user may not know of this fault. This may be the case for the fuel pump scenario mentioned earlier. If one pump failed the other would run however if the user was unaware of the failure, they may continue to run the system in fault conditions until such a time that the other pump fails, at this time serious damage would occur. If a user display gave this information the fault could be rectified before this situation occurs.











[bookmark: _Toc7360382]Chapter 9 Reflection

The overall project experience has been a positive one and many new skills have been gained along the way. The author feels far more confident in their own ability to undertake a project on a scale such as the one set out. It has also provided motivation to take the project to the next evolution which is to turn the simulation models into reality and into a full working prototype.

The major project aspect of the course has showed the author how much can really be achieved if a few areas are followed
1) Believe in your own abilities 
2) Put in the required time on research and development and don’t underestimate how long this process will take
3) Realise that even though there is little known on a subject great knowledge can be gained if one is willing to put in the time to gain and understand the subject
4) Choose a subject that you are passionate about this way more time and effort is likely to be put in.
If this project were to be started again a few key areas would be addressed.
1) Ensure research is conducted early on into the project as the author has found this process is very time consuming and while there is a lot of information available on the internet it can be difficult to decipher between what is credible fact and opinion 
2) Make an accurate project plan and stick to this plan, if for any reason the plan slips ensure it is made up to date to allow accurate time keeping to be made
3) Record all conversions had on the subject especially crucial ones which hold important information in the success of the project outcome
In summary the experience has been a very satisfying one which while being frustrating at times has been enjoyable and allowed the author a chance to greatly expand their knowledge in the area of motorsport wiring design and construction.  In time it is hoped that this may lead to a career chance as this is an area where the author is passionate about.
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q=getch();
delay_ms(500);
printf("%c",);
iflg=="1)

{
output_high(PIN_A3J;

}
iflg==2)
! output_high(PIN_A5;
iflg==73)
! output_low(PIN_A3J;
}
iflg=="4)

{
output_low(PIN_A5;
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unsigned int st1_volt=0;

setup_adc_ports(ANO_TO_AN3;
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Va

st1_volt = read_adc();
printf("adc= %uln\” st1_volt);

if((st1_volt <20)
printf('7'),
if((st1_volt >25) & (st1_volt <75))
printf('A");
if((st1_volt >75) & (st1_volt <125))
printf('5");
if((st1_volt >125) & (st1_volt <175))
printf('C");
if((st1_volt >175) & (st1_volt <225))
printf('D");
if((st1_volt >225))
printf("=");

if(input(PIN_D3)
{

output_high(PIN_CO;
output_high(PIN_C9;
output_high(PIN_BO;
output_high(PIN_B4;
}
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ifg==%)
{
output_high(PIN_B 1),

}
iflg==D")
{
output_high(PIN_B0;

}
iflq==7)
{

output_low(PIN_BO;
output_low(PIN_B1),
}
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CAN PC Communications
The ECU can communicate with the PC via our USB -> CAN converter, This solves the
problem of unreliable USB -> RS232 converters.

Data Logging

Up to thirty six separate items can be logged.

Three user selectable logging frequencies.

Up to nine hours logging capability.

Graphing can be done on-line to the ECU.
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Front Current load Mosfet | Channels Max current per channel Fuse rating Fuse Fuse rating Fuse
LH Indicator + side light IND1.75ASide 0.5A | BTS5030-26KA | 2 an 2A hold 4A trip 25201200 1.25A hold 2.5A trip 29201125
LH Main +Dip Main5.5ADip5a | BTSS016-26KA | 2 oA 6A hold 10A trip AHFR600 6A hold 10A trip AHFR600
Fan 30 BTSS00151TAD| 1 33 30A Blade fuse in Bulkhead PDU

Horn oA BTSA41RG 1 218 10A Hold 20Atrip | AHRF1000

Washer 108 BTSA41RG 1 218 10AHold 20Atrip | AHRF1000
RH Indicator +side light__| IND1.75ASide 0.5A | BTS5030-2EKA | 2 A 2A hold 4A trip 25201200 1.25A hold 2.5A trip 29201125
RH Main +Dip Main5.5A Dip5a | BTSS016-26KA | 2 oA 6A hold 10A trip AHFR600 6A hold 10A trip AHFR600

‘Wiper motor 154 BTSA41RG 1 21A 15AHold33Atrip | AHRF1500
ECU feed 308 BTSS0015-1TAD| 1 338 30A Blade fuse in Bulkhead PDU
Starter 154 BTSA41RG 1 21A 15AHold 33A trip | AHRF1500

EPS + Interior light 5A,3A BTSS016-26KA | 2 oA 6A hold 10A trip AHFR600 3 Hold 6A Trip AHRF300
Heated screen 250 BTSS0015-1TAD| 1 33 25A blade fuse in Center PDU
Gauges Ax2 BTSS03026KA | 2 A 4Ahold 8A trip_[2920L400/15 4Ahold A trip__|29201400/15
Water injection 3A BTSS03026KA | 2 a 4Ahold 8A trip_|29201400/15 4Ahold 8A trip__|29201400/15

HoL ZA ETS0OSATAD] 1 34 25A Blade fuse In Pump PDU
HP2 258 BTSS00151TAD| 1 334
LP1 758 BTSS016-26KA | 2 6 (will run 8A on one channel) 7.5A blade fuse in Pump PDU
LH Indicator + side light 175A70.6A BTSS5030-26KA | 2 A 2A hold 4A trip 25201200 0.8A Hold 2A Trip Asmd0so
Stop/Tail LH L75A/L75A BTSS03026KA | 2 A 2A hold 4A trip 25201200 2A hold 4A trip 25201200
Reverse / Number plate 175A/ 0.6 BTSS03026KA | 2 A 2A hold 4A trip 25201200 0.8A Hold 2 Trip Asmd0so
RH Indicator + side light 175A/0.6A BTSS5030-26KA | 2 A 2A hold 4A trip 25201200 0.8A Hold 2A Trip Asmd0so
Stop/Tail RH 175A/1.75A BTSS03026KA | 2 A 2 hold 4A trip 25201200 2 hold 4A trip 25201200
Capacitor |_0.1mF For decoupling
Resistor |90k For slew rate control

PIC18F4580
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Smart Power High-Side-Switch
One Channel: 20 mQ

=~
=5 e
ot @itels

1 Overview

General Description

+ N channel vertcal power FET with charge pump, ground referenced
icall integrated in Smart SIPMOS

CMOS compaible input, monol
technology

« Providing embedded protective functions

+ Green Product (RoHS compliant)

+ AEC Qualified

Application

+ iC compatible power switch 5V, 12V and 24 V DC applications

+ Alltypes of resistive, indu
+ Most suitable for loads

ive and capatitive loads

Basic Functions
+ Very low standby current

+ Optimized static electromagnetic compal
+ iC and CMOS compatible

+ Fast demagnetization of inductive loads
+ Stable behavior at undervoltage

Protection Functions

+ Short circuit protection

+ Current limitation

+ Overload protection

+ Thermal Shutdown

+ Overvoltage protection (including load dump) with
external GND resistor

+ Reverse battery protection with external GND-resistor

+ Loss of ground and loss of 7}, protection

+ Electrostatic discharge (ESD) protection

th high inrush currents, so as lamps
+ Replaces electromechanical relays, fuses and discrete circuts

BTS441RG

PGT02635

BTS441RG
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1 Overview

Application
+ Sutable for resistive, inductive and capacitive loads

+ Replaces electromechanical relays, fuses and discrete circuits

+ Most suitable for loads with high inrush current, such as lamps

Basic Features

+ Two channel device
+ Very low stand-by current

+ 33Vand5V compatible log
+ Electrostatic discharge protection (ESD)
+ Optimized electromagnetic compati
+ Logic ground independent from load ground

+ Very low power DMOS leakage current in OFF state
+ Green product (RoHS compliant)

+ AEC qualified

Descri

PGDSO1440-EP

The BTS5016-2EKA s a 16 mQ dual channel Smart High-Side Power Switch, embedded in a PG-DSO14-40-EP,

Exposed Pad package, providing protective fun

ns and diagnosis. The power transistor is built by an N-channel

vertical power MOSFET with charge pump. The device is integrated in Smarté technology. Itis specially designed
to drive lamps up to H4, as well as LEDs in the harsh automotive environment

Table1  Product Summary

Parameter Symbol Value
Operating voltage range Voo 5V_28V

Maximum supply voltage Voo av

Maximum ON state resistance at 7, = 150 °C per channel Rosion Zma

Nominal foad current (one channe aciive) T 5A

Nominal foad current (both channels aciive) oz 6A

Typical current sense ratio kus 3500

Minimum current limitation s 50A

Maximum standby current with load at 7, = 25 °C Toorr, 07 A

Type Package Marking

BTSB016-2EKA PGDSO14-40EP BTS5016-2EKA

Data Sheet 4 Rev 1.0, 2013:06-17

PROFET™+ 12V
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1 Overview

Application
* Suitable for resistive, inductive and capacitve loads

* Replaces electromechanical relays, fuses and discrete circuits
* Most suitable for loads with high inrush current, such as lamps

Basic Features

+ Two channel device
+ Very low stand-by current

* 33Vand5V compatible logic inputs

+ Electrostatic discharge protection (ESD)

+ Optimized electromagnetic compatibilty

+ Logic ground independent from load ground

+ Very low power DMOS leakage current in OFF state
* Green product (RoHS compliant)

+ AEC qualified

Description

PG-DSO-14-40 EP

‘The BTS5030-2EKA is a 30 ma dual channel Smart High-Side Power Switch, embedded in a PG-DSO-14-40 EP,
Exposed Pad package, providing protective functions and diagnosis. The power transistor is built by an N-channel
vertical power MOSFET with charge pump. The device s integrated in Smarté technology. Itis specially designed
to drive lamps up to 2 * P21W, as well as LEDs in the harsh automoive environment.

Table1  Product Summary

Parameter Symbol Value
Operating vlage range Voo 528V

Waximum supply vortage Ve v

Maximum ON state resistance at 7, = 150 °C per channel Rosiom 60 m

Nominal load current (one channel aciive) oo 6A

Nominal load current (both channes active) TLvous I

Typical curent sense ratio Fus 2150

Winimum current fmiation B

Wiaximum standby current wit foad at 7; = 25 -C 500 0A

Tyve Package Warking

BTS50302EKA PG-DSO-T4-40EP BTS50302EKA

Data Sheet 4 Rev. 2.1, 20110001

PROFET™+ 12V
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BTS50015-1TAD

Smart High-Side Power Switch

1 Overview

Features
+ Onechannel device
+ LowStand-by current /
+ 3.3VtoV, level capableinput pin

+ Electrostatic discharge protection (ESD)
+ Optimized Electromagnetic Compatibility (EMC)
+ Logic ground independent from load ground

+ Very low leakage current at OUT pin
+ Compatible to cranking pulse requirement (test pulse 4 of IS0 7637 and cold start pulse in LV124)
- Embedded disgnostic functions

- Embedded protection functions

+ Green Product (RoHS compliant)

+ AECQualiied

Appli

+ Suitable for resistive, inductive and capacitive loads

+ Replaces electromechanical relays, fuses and discrete circuits

+ Most suitable for applications with high current loads, such as heating system, main switch for powier
distribution, start-stop power supply switch

+ PWM applications with low frequencies

Description
The BTSS0015-1TAD is & 1.5 mQ single channel Smart High-Side Power Switch, embedded in a PG-T0-263-7-
10 package, providing protective functions and diagnosis It contains Infincon!’ ReverSave™ functionality. The
powertransistor is built by a N-channel power MOSFET with charge pump. t s specially designed to drive high
current loads up to 804, for applications like switched battery couplings, power distribution switches,
heaters, glow plugs, in the harsh automotive environment.
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Used for electronics
Used for control circuits in assemblies
Used for control circuits and low load circuits in hamesses
Generally used in low and medium load circuits
Generally used in low and medium load circuits
Generally used in medium load circuits
Generally used in medium load circuits
Generally used in high load circuits
Generally used in high load circuits
Generally used in heavy power supply circuits
Generally used in heavy power supply circuits
Generally used in heavy power supply and power distribution circuits
Generally used in power distribution and relay board supply circuits
Generally used as battery cable, alternator connection and power
distribution board supply cable
Generally used as battery cable and alternator connection cable
Generally used as battery cable

If Voltage is increased, current draw will generally drop allowing the wire to

supply a higher Wattage component
battery voltag: ual
n a different way, as higher voltage causes them to spin

fa and thus use more current




image45.png
Technical Specifications Tefzel® can be used as either an insulation or jacket material.

Nominal Temperature Ratings Fire Resistance Chemical Resistance UV Resistance Durability Flexibility

-70°Cto 150°C Excellent Excellent Good Good Good
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Single Core Thin Wall Automotive Wire, 1.5mm? CSA, Orange, PVC, 500m -

6012061

Manufacturer:

Manufacturer Part No:
Order Code:

Technical Datasheet:

See all Technical Docs

CONCORDIA
TECHNOLOGIES

6012061
CB19831

X 6012061 Datasheet
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Conductor construction Insulation Cable
Outer diameter
Nominal | No. | Diam.of | Diam. of | Electr.resistance |  Wall Limit | Weight
cross- | of | single | con- at20°C | thickness tole-
section |strands™ | wire | ductor |  bare/tinned rance
max. | max. max. min. | max. approx.
mm? mm | mm ma/m mm | mm | mm | kg/km
035 7 02 [ 08 544/555™ | 020 [ 13 [ -01 | 5
05 19 [ o1 [ 10 3711382 02 | 16 | 02 [ 7
075 19 [0 | 12 247/254 024 | 19 | 02 [ 9
1 19 [ 02 | 135 18.5/191 024 | 21 | 02 [ m
125 19 [ 030 | 17 149/159 024 | 23 | 02 [ 1
5 1w [ ox | 17 12.7/130 024 | 24 | 02 | 16
2 19 | 038 | 20 9.42/9.69 028 | 28 | 03 | 22
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55A0111-16-9 - Wire, Stranded, Hook Up, Spec55, ETFE, White, 16 AWG, 1.31
mm?, 328 ft, 100 m

Manufacturer: RAYCHEM - TE

CONNECTIVITY
Manufacturer Part No: 55A0111-16-9
Order Code: 5051010
Product Range @ Spec 55 Series
Technical Datasheet: ﬂ 55A0111-16-9

Datasheet
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Wit syanding 55A011X 55A012X
Size phaliay Nom. Max. Weight Nom. Max. Weight

(AWG) oD (g per m/lbs per kit oD (g per m/lbs per kit)
30 7/0.102 0.61[0.024] 0.98 [0.66] 1.27[0.048] 1.94[13]
28 7127 0.68[0.027) 1.350.91) 1.42 [0.054] 2.68[1.8]
26 19/102 081[0.032] 2.08 [14] 1.67[0.064] 41628
24 19127 094 [0.037) 298 [20] 1.93(0.074] 5.96[4.0]
2 19/0.16 1.09[0.043] 417 [28] 2.23[0.086] 8.63[5.8]
20 19/0.203 1.27[0.050] 6.40 [4.3] 2.66[0.102) 13.24[89)
18 19/0.25 1.520.060] 967 [65] 320[0.122) 20,09 [135]
16 19/287 1.73(0.068] 1235 [8.3] 358[0.138] 2575 (173)
14 19/0.36 2.20[0.085] 19.34[13.0] 4.47[0172) 39.58 [26.6]
12 370032 2.62[0.103] 29.32(19.7) 5.380.208] 59.97 [40.3]
10 37/0.403 3.25[0.128] 47.32(318) 6.65 [0.256] 96.58 [64.9]
B 133/0.287 4.77[0.188] 87.50[58.8] 9.80(0.376] 178.58 [120.0]
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with aux. contacts

Technical data

Votage rating AC 115V (400 H2) DG 28V
AC 230 (50/60 Hz) to special order
Curentratingrange _ 0.1.50A
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Product Facts

m Designed to be the
smallest, lightest weight,
lowest cost sealed contactor
in the industry with its
current rating (500+A carry,
2000A interrupt at 320VDC)

w Built-in coil economizer —
only 1.7W hold power @
12VDC and it limits back
EMF to 0V. Models requiring
external economizer also
available

m Optional auxiliary contact
for easy monitoring of
power contact position

m Hermetically sealed —
intrinsically safe, operates
in explosive/harsh
environments with no
oxidation or contamination
of coil or contacts, during
long periods of non-
operation

m Versatile coil/power
connections

m UL Recognized
for the U.S. and Ahus
Canada (File E208033)

All contact ratings & coil
versions may not be UL
Recognized

KILOVAC EV200 Series Contactor With 1 Form X (SPST-NO)

Contacts Rated 500+ Amps, 12-900 Vdc

EV200 Series Contactor
(CZONKA Relay, Type Ill)

Coil Operating Voltage (Valid Over Temperature Range)

Voltage (Will Operate) 9-363VDC  32-95VDC  48-95VDC

Voltage (Max.) 36VDC 95VDC 95VDC

Pickup (Close) Voltage Max. 9VDC 32VDC 48VDC

Hold Voltage (Min.) 7.5VDC 22VDC 34VDC

Dropout (Open) Voltage (Min) __6VDC 18VDC 27VDC

Inrush Current (Max.) 38A 1.3A 07A
0.13A@12V,

Holding Current (Avg.)

0.07A@24y 0-03A@48V 0.02A@72V

Inrush Time (Max.)

130ms

130ms

130ms

Ordering Information

Performance Data

Contact Arrangement, Power
Contacts — 1 Form A (SPST-NO)
Rated Operating Voltage —
12-900 VDC

Continuous (Carry) Current,
Typical — 500 A @ 85°C, 400 mem
conductors

Consult Factory for required conductors
for higher (500+ A) currents
Make/Break Current at Various
Voltages 1 — See graph next page
Break Current at 320VDC 1 —
2,000 A, 1cycle3

Contact Resistance, Typ.

(@200A) — 0.2 mohms

Load Life — See graph next page
Mechanical Life — 1 million cycles
Contact Arrangement, Auxiliary
Contacts — 1 Form A (SPST-NO)
Aux. Contact Current, Max. —
2A@30VDC / 3A @ 125VAC

Aux. Contact Current, Min. —
100mA @ 8V

Aux. Contact Resistance, Max. —
0.417 ohms @ 30VDC /

150 ohms @ 125VAC

Operate Time @ 25°C —

Close (includes bounce), Typ. — 15 ms
Bounce (after close only), Max. —7 ms
Release (includes arcing),

Max @ 2000A — 12 ms

Dielectric Withstanding Voltage —
2,200 Vims @ sea level (leakage <1mA)
Insulation Resistance @ 500VDC —
100 meaohme 2
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Applications

Specially formulated for
optimum high-temperature:
fluid resistance, and long
term heat resistance.
Resistant to aviation and
diesel fuels, hydraulic fluids
and lubricating ois.
Particulary sutable as a
jacketing material for
miltary ground vehicle
cables and harnesses. Itis
also well suited for the
demands of motorsport
cable harnesses. When

used in conjunction with
System 25 heat-shrinkable
molded shapes and S1125.
high performance adnesive,
these producs provide a
complete cable harness.
system.

Installation
Minimum shrink
temperature: 150°C [302°F]

finimum full recovery
temperature: 175°C (347°F]

Operatng Temperlure Range
75°C 10 150°C

[103°F 10 302°F]

(per VG 95343 Part 5

Type D)
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LM7805

v v

Vout)

LM7805 5V linear voltage regulator &1
with 2 decoupling capacitors
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if(input(PIN_D3)
{
output_high(PIN_C0;
output_high(PIN_C1);
output_high(PIN_B0;
output_high(PIN_B4;
}
else
{
output_low(PIN_C0;
output_low(PIN_C1);
output_low(PIN_BO;
output_low(PIN_B4;
}
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12v . . : ;
switch switch isolator coil

B0,B4,C0,C1 5V input to centre Aux coil on main
pins high MCU IGN ON pin D3 battery isolator 5V
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RAO/ANO/CVREF RCOT10SO/T13CKI PIN15.
RA1/ANT RC/T10SI PIN16.
RA2/AN2IVREF- RC2/CCP1 PIN17.
RA3/AN3/VREF+ RC3/SCKISCL PIN18.
REV RA4TOCKI _ RC4/SDI/SDA EPS FAIL
INT LIGHT > RAS/AN4/SS/HLVDIN RC5/SDO INT LIGHT
RASICLKO/OSC2 RCEITXICK EGTFAIL
RATICLKIIOSC1 RCT/RX/DT AFR FAIL

PIN33 RBO/INTOFLTO/ANT0 RDO/PSPO/CHIN+ <] Wi FAIL
PIN34 RB1/INT1/ANS RD1/PSP1/CTIN- SPARE F

CAN H_tx RB2/INT2/CANTX RD2IPSP2/C2IN+ HEATED ¢

CANL 1 RB3/CANRX RD3/PSP3/C2IN- <] IGN ON

PIN37 <] RBA/KBIO/ANS RD4/PSP4/ECCP1/P1A
RB5/KBI/PGM RD5/PSP5/P1B Ci0R
RB6/KBI2/PGC RDE/PSPE/P1C 7 VLT
RB7/KBI3PGD RD7/PSP7/P1D

REO/RD/ANS
RE1/WR/ANS/C10UT
RE2/CS/ANTIC20UT
RE3VPPINICIR

PIC18F4580
CENTER MCU

SW3

o
- L IGN ON
SW-SPST

SPARE




image84.png
RAO/ANO/CVREF RCOT10SO/T13CKI PIN15.
RA1/ANT RC/T10SI PIN16.
RA2/AN2IVREF- RC2/CCP1 PIN17.
TP1 RA3/AN3/VREF+ RC3/SCKISCL PIN18.
REV [> RA4TOCKI _ RC4/SDI/SDA EPS FAIL
INT LIGHT > RAS/AN4/SS/HLVDIN RC5/SDO INT LIGHT FAIL
RASICLKO/OSC2 RCEITXICK EGTFAIL
RATICLKIIOSC1 RCT/RX/DT AFR FAIL

RBO/INTO/FLTO/AN10 RDO/PSPO/CHIN+ < Wi FAIL
RB1/INT1/ANS RD1/PSP1/C1IN- SPARE FAIL
RB2/INT2/CANTX RD2/PSP2/C2IN+ HEATED SCRE
RB3/CANRX RD3/PSP3/C2IN- < IGN ON
RBA/KBIO/ANS RD4/PSP4/ECCP1/P1A
RB5/KBI/PGM RD5/PSP5/P1B
RB6/KBI2/PGC RDE/PSPE/P1C
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if(input(PIN_A4)
{
printf(*1");
}
else
{
printf('3");

}
delay_ms(50);
if(input(PIN_A3)

{
printf('2");

else
{
printf("4");
}




