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Introduction:
	While designing the Michigan State Solar Team’s new motor controller that will be used in their upcoming 1200-1800 mile race for the summer of 2014, several design issues were considered and presented.  The first design issue is to be able to manage the product lifecycle by insuring the ability to make it upgradable and reliable.  This issue leads directly to the next one--repairability, which is how often individual parts can fail and how accessible they are for a quick fix.  The safety of the motor controller will be the last and most important issue that will be discussed.  From the prototype to the final product, these are the three major design issues that will be targeted and examined.  By addressing these issues early, the final product will have a reduced risk of these issues surfacing. 
Product Lifecycle Management:
	The Product Lifecycle Management (PLM) is where most of the issues can occur.  The goal of this project is not to just develop a product that can work short-term, but rather, something that is stable enough for it to last many years.  Due to the manner that this product will be used, there are a few variables that need to be accounted for to enhance the performance and durability of the product through time.  Some of these variables include the harsh environments that this motor controller will be used in, the amount of time it needs to be functioning for (around 8 hours at a given time), and the impending growth of technology.  
Design:
The start of the PLM is the design process and how it affects the future of this product.  The idea of this project is to base this product off of similar ones that are already available in the market.  Some of the products that are commercially available range from $500 to $6000+.  Due to having a $500 budget, this team is limited to how technologically advanced the motor controller can be at this moment in time.  This motor controller will need to be able to pass several tests even with this budget implemented.  STmicroelectronics is generously providing some free samples, such as MOSFETs, which will keep the budget manageable, but also limits the quality of the final product. One component that is imperative for the motor controller to function is a heat sink. Since this was not obtainable as a free sample, a significant part of the budget was allocated to purchasing this component. 
This motor controller is linked to the entire solar car in some way. Usually changing the motor  will requires on buying a new motor controller that is compatible with that specific motor. Using a robust control board that can interface with several types of motor connectors is of great importance and will be implemented in our design. Future motors will have the ability to have an encoder instead of relying on the Hall Effect Sensors. Creating a design that could interface with all of these features rather than starting a whole new platform and recode everything saves time, money, and resources.  
Production / testing:	
There are a few things to take into account before building a motor controller. A motor controller has many components in it making it quite complex. Starting with making a prototype will give the group a better understanding of the functionality of the motor controller. The final motor controller will be used to drive a 3.5kW continuous motor. Small errors that are easily made such as cross conductance can cause certain parts to fail and catch on fire. To reduce the risk of failures, there are extra precautionary steps that will be made to make sure that every single part of our motor controller will be insulated properly before stepping up the power. Building smaller prototypes reduces safety risks, which will be discussed later and building prototypes are much easier than building several full scale models. 
Sustain, Recycle, Disposal: 
This motor controller will need to be able to sustain its efficiency level for several years. However, the uncontrollable growth of technology throughout the years and the motor controller being exposed to a variety of different environmental factors such as rain, hot temperatures, and wind will make this a difficult task. Eventually all of the components that are currently being used on this product will become obsolete. Due to certain components becoming out-of-date and in need for replacement, there needs to be a future plan implemented on what to do with each replaced part. Certain parts will be able to be recycled while the rest will need to be properly disposed off.
Therefore, it is important to start looking at how this motor controller will impact the environment. The actual silicon chips contain lead in them; purchasing components that do not have lead in them will reduce the environmental impact of this product. The use of metals such as copper, which will be used for the bus bars, and aluminum, which is what the heatsink is made out of, are recycleable. The overall environmental impact that this motor controller has is relatively low due to this project being treated as a small scale rather than a large scale.
Upgradability / future: 
The Michigan State Solar team is going to be constantly looking for ways on how to improve the systems of the car as new technology becomes available to them. The motor controller will be designed in such a way that each component will be easily accessible to make it easier to upgrade in the future. This will make it possible for the motor controller to accept future components of various shapes and sizes. 
All of the controls for the motor controller will go on one PCB board which will allow for it to be easier to repair in the future. This is done by having a second board with the exact same layout on it to just replace the broken board that is in the motor controller. The profile of the PCB will be larger than expected so that it will be able to fit other PCB’s with more components in them. The connectors and the way the different components are being mounted are chosen wisely to make room for future updates.
Repairability:
 Since the American Solar Challenge is a race, saving time is important. Having a robust design means that the car will spend less time broken down. If something does break, being able to repair it quickly and efficiently is key to a solar team's success. This means that any components in the car must be quickly replaceable. For example, if a MOSFET fails it must be easily accessible and easy to replace. The NGM motor controller, which is presently in the car, requires the removal of several screws to access the top cover, and the task of taking out multiple components such as the capacitors, the controller board, the gate driver board, and lastly, the bus bars to gain access to the MOSFETs. The NGM motor controller was never designed to be taken apart. MOSFETs are usually the one component that will most likely fail since they are constantly exposed to high currents and voltages for long periods of time.
A second design consideration is reducing the number of parts. The current plan for this motor controller will contain only two printed circuit board. Reducing the number of printed circuit boards will definitely improve repairability. For example, if the control board stops responding it can easily be swapped out with a second board. Therefore, having access to multiple control boards that have passed several tests and work with the current motor controller is important.
Safety:
The fact that this motor controller will be used in a vehicle environment makes safety a major concern in its design. The malfunction of this product has the potential to be extremely hazardous for the user as well as other people around it. One of the main risks involved with the motor controller is the sudden loss of throttle control. Another issue that could arise is over voltage which is due to the inductance of the motor and high voltage lines that are connected to the motor controller. This event can cause severe damage to the permanent magnet motor. A short in the H-bridge, a high voltage side of a motor controller, can damage the battery pack of the car which is unsafe if lithium ion batteries are being used. 
The loss of throttle control is one of the main safety concerns that the team had. If the motor came to a sudden halt or becomes stuck at full throttle it could cause an accident on the road. There are several different precautions the team will be taking to ensure maximum safety for the driver. One way to make sure this does not happen is to implement a dual potentiometer setup. The dual potentiometer provides added safety by adding redundancy into the system. The user controls the throttle of the motor by moving a potentiometer from low resistance to high resistance. If the potentiometer were to fail or become disconnected from the system it could send incorrect inputs to the motor. The dual potentiometer prevents this issue by taking two inputs from the same user action and comparing them before the input is used. If the two inputs are not within a certain tolerance of each other then the input is not used and the driver will be warned of a potential problem within the control system. 
Overvolting the motor is another safety concern when it comes to electric vehicles. When the motor controller sends a voltage, that is above the rated voltage, for an extended period of time to the motor, then the current becomes too high and it enters a state called demagnetization. This state causes the rare earth permanent magnets inside the motor to lose their magnetic capabilities making the motor useless. This could cause the driver to lose control of the vehicle or become stranded. There are several ways to prevent this from happening. One way is to implement a safety mechanism that can be used to prevent voltage spikes. This is done by placing capacitors on the DC bus of the motor controller to cancel some of the inductive characteristics of the motor. Another way to avoid the motor controller from having voltage spikes is to track the voltage in the stator of the motor with a voltage sensor. This sensor will reduce the pulse width modulation output which will lower the voltage that is sent to the motor. 
Short circuits are a concern of almost all electrical engineers but when it comes to a short in the high voltage bridge of a motor controller it becomes a major safety consideration. A short circuit in the high voltage section of the motor controller is caused when the low and high MOSFETs of a single phase are turned on at the same time. This is problematic because this essentially creates a short between the positive and negative terminals of the vehicle’s DC bus. This short in the circuit can potentially destroy the motor controller because of the high current that will flow through the short. It can also damage the battery pack of the car because the pack is not designed to deliver high currents. If the current draw from this short circuit is too high it can cause the batteries to catch on fire or explode. The main system used to prevent this from happening is to use the built in logic in the gate driver to isolate the gate voltage if the low and high inputs of a single phase are both set to high. Another layer of protection that will be added is an inline fuse to prevent the motor controller from exceeding a certain maximum current draw rating. These additions to the motor controller will prevent any excessive current draws from damaging other parts of the vehicle.
Conclusion:
This motor controller has proven to be a difficult product to make due to the different design specifications it has to meet. It needs to be robust (have the ability to withstand multiple uses in various environments), be modular (have the flexibility to adapt to changes in the future), and be efficient. Due to safety being the biggest concern, we have decided to make a prototype to get a better understanding of how a motor controller functions and it will enable us to work with lower voltages. We will make sure that all the safety features will be implemented in our design and be tested for functionality by at least two different people to ensure nothing will go wrong. After taking a look at all these design issues, our final motor controller might as well be called “Redundancy” since it will be full of components that check other components to make sure everything is working correctly. 

