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Design:
	The major design decisions have been figured out. We decided on the different spacings on the PCB such as where the screw holes will be made and how the different copper bus bars will be mounted onto it. There are still some decisions to be made, such as where the gate driver PCB will be laid out to be able to be connected to the MOSFETs and how the capacitors will be mounted so that it will attach to the DC bus and save space.
Part Ordering:
	We have finally obtained every component we ordered this past week. We received our thermally conductive insulation pad, the six capacitors, the opto isolators, and the new gate drivers. After going to Alro Steel the second time we got more different forms of copper. Several long thick copper bars in order to have the positive, negative, and three phase busbars, a flat thick piece of copper used on the backside of each phase. Depending on how the prototype performs, the team will think about sending our PCB board layout to Saturn Electronics to have them make a PCB board for the motor controller. The PCB manufactured from saturn would have thicker copper traces that would more easily be able to handle the max power of the motor. The different type of MOSFET package, the SOT 227, might be an option to consider in the future. This option will not be implemented this semester but the solar car team may want to consider this design for heat dissipation reasons. This MOSFET can be obtained as a free sample from STMicroelectronics which is the same way we got the MOSFETs that we are currently using in our design. New digital isolators may need to be ordered if the C2000 processor is to be used in the final design.
Assembly:
	After multiple trips to the machine shop downstairs, we have finally finished drilling holes onto the PCB board and the heatsink for prototype purposes. We are starting with one MOSFET for each phase, high and low, that is already soldered onto the PCB, a total of six. Our final design will be using 24 MOSFETs, which will be 4 in parallel for each phase. The MOSFETs are mounted onto the heatsink by a screw placed in its through hole and there is an insulation pad that is between the MOSFET and the heatsink which electrically insulate the MOSFETS from each other. We are still debating about whether or not we want to add thermal paste on the insulation pad for better contact with the heatsink. We attached each phase bar, phase A, B, and C, onto the PCB board with bolts and have it stick an inch out from the heatsink. The bus bars will be used for external connections to the motor and the DC supply. The distance between each bar is currently half an inch and will be able to change in the future depending on if we need more room. The phase bars will be held in place by an insulative material which still needs to be fabricated. The positive and negative bus bars have been attached to the top of the PCB with screws and have them stick out about an inch from the heatsink. The flat copper sheet will be bent up about half a foot from the positive and negative bus bars and will have the capacitors attached to it. The gate driver PCB will be placed right on top of the main PCB so that it can be connected straight to the MOSFETs. 
Programming:
	The TI C2000 MCU has turned out to be difficult to program so we turned to Arduino’s instead. One Arduino is used to create  six Pulse Width Modulation signals while the other one is used as a dummy Hall Effect Sensor signal. The dummy hall effect sensors are used for testing as the the team is not confident enough to test it on the actual motor currently. The arduino pulse width modulation switches according to the hall effect sensor input as well as a voltage input that is created using a potentiometer attached to the Arduino. The hall effect inputs set the state of commutation while the potentiometer voltage decides the speed. The speed is varied by adjusting the duty cycle of the MOSFETS on the H-bridge. Adjusting the duty cycle allows us to control the voltage applied to the motor. This voltage can vary anywhere between the positive DC supply and zero volts.  The code was put together using the process described above. Many of these tasks were accomplished by taking different code examples found online and putting them together. We will also be adding a current loop to the control algorithm as well as additional failsafes such as overtemperature and overcurrent protection.
Testing:
	We have tested the entire PCB to make sure that each part of the MOSFET, the gate, drain, and source, will not be conductive on the ground parts of the PCB. After soldering the MOSFETs onto it and mounting it to the heatsink with the thermal pad in between, we also tested the conductivity of the drain with the heatsink to make sure there will not be any shorts present. 
	We received a motor from a nearby hobby shop, the Reedy Speed 13.5T. This motor was used to show that our current code in the Arduino is functioning properly. Each rotation that the motor does changes the output of the hall effect sensors. These three different phases are shown through LEDs. We chose a sliding potentiometer to change the duty cycle from 0-100%.  We verified that each of these are working through the oscilloscope. 
