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Executive Summary 

Motor control algorithms are necessary for predictable behavior in the face of unpredictable 

conditions. Texas Instruments has requested that we redesign a pre-existing implementation of a 

motor control algorithm, through a C2000-microcontroller-based motor control card, to use a 

microcontroller from the MSP430 family. This project both has a hardware component, requiring 

the redesign of a pre-existing card, and a software component, requiring the implementation of a 

motor control algorithm specifically designed for the new MSP430 motor control card. Texas 

Instruments requested that we adhere to the specifications and functionality of the C2000 card as 

closely as possible. Our design solution proposes the use of the MSP430F5435 and an integrated 

hardware fabrication and assembly process. Our project successfully implemented and verified 

software functionality, through a MSP-EXP430F5438 experimenter board utilizing the 

MSP430F5438 microcontroller. Also, we have successfully designed, fabricated, and assembled 

the MSP430 motor control card. Due to time constraints, we were not able to integrate the 

software libraries with the motor control card. However, the functioning software prototype 

demonstrates a proof of concept using a microcontroller from the MSP430X5XXX family. 
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Chapter 1 

 

Introduction 

Different motors require different driving mechanisms. Our project requires the generation of 

driving signals for two types of motors: brushed direct current (DC) motors and stepper motors. 

A cross-section of a brushed DC motor is shown on the next page. A brushed DC motor consists 

of six components: field magnets, a DC power supply, an armature or rotor, an axle, a 

commutator, and brushes. Field magnets are stationary magnets and are used to create a magnetic 

field in the motor. The DC power supply is used to provide a current to the armature. The 

armature consists of multiple coils wound around the axle. When the DC power supply is 

connected, an electromagnetic force is generated around the armature. The magnetic field 

induced by the field magnets, along with the electromagnetic force of the armature generated by 

the DC power supply, interacts to cause the armature and the connected axle to spin. The DC 

power supply can be as simple as a battery, or as complex as a Pulse-Width Modulated (PWM) 

driving signal, described below. The commutator is an electrical switch that switches the 

direction of the current between the armature and DC power supply, and therefore also switches 

the polarity of the electromagnetic force induced. The brushes work with the commutator to 

reverse the direction of current appropriately. Every time the commutator comes in contact with 

the brushes, the direction of the current is changed. A steady torque is produced when the current 

reverses directions in the coils of the armature at the correct times. 
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Figure 1: A Cross-Section of a Brushed DC Motor (Source: RCGroups.com) 

 

Stepper motors differ significantly from brushed DC motors. The stepper motor is a brushless 

synchronous motor that divides its full rotations into multiple steps. Stepper motors have 

electromagnets arranged around an armature. The armature in the stepper motor is a permanent 

magnet. The electromagnets surrounding the armature must be turned on at precisely the correct 

moment to cause the motor to spin. A series of diagrams illustrating the timing of a stepper 

motor are shown on the next page. The electromagnets must be energized using some sort of 

control circuit, typically a microcontroller, because the timing of the signals is crucial to correct 

stepper motor operation. The speed of the motor is directly proportional to the average of the 

supply voltage. Varying the duty cycle, the average value of the motor voltage can be varied. 

Varying the duty cycle to achieve a desired average voltage is known as pulse-width modulation. 
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PWM regulates the current sent to the electromagnets, and therefore the strength of the 

electromagnetic force generated. 

 

 

 

Figure 2: Sequential Stepper Motor Operation (Source: SocietyOfRobots.com) 
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Electric motors have a dynamic relationship between torque and load. Motor control becomes 

complicated when the load is unknown, because load affects the back electromagnetic force 

(emf). This back emf affects the amount of current supplied for a given driving signal, which 

affects the torque. Torque, in turn, also affects the back emf. To allow for precise control of the 

motor in the presence of dynamic loads, motor control algorithms need to be implemented. Our 

project handles one particular implementation of a motor control algorithm using a 

microcontroller family known as the MSP430, produced by Texas Instruments. 
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Project Background 

Our sponsor, Texas Instruments (TI), is planning on introducing a new revision (rev. F) of the 

DRV8412 motor driver board. The DRV8412 provides a large amount of functionality for the 

purposes of driving a motor. The DRV8412 has on-board DACs, which calculate the equivalent 

DC voltage of Pulse-Width Modulated (PWM) signals, PWM amplifiers, which amplify supplied 

signals to levels sufficient to drive motors, and current sensors, for advanced motor control 

utilizing feedback. However, the DRV8412 does not have any on-board control capability. 

TI wants the DRV8412 to be released with several motor control cards using a variety of 

microcontrollers to increase demand for the DRV8412. The new revision of the DRV8412 will 

utilize a 100-pin Dual In-line Memory Module (DIMM100) interface for communication 

between the DRV8412 and a motor control card. These motor control cards should both be able 

to provide simple driving signals to the motor as well as implement robust control of motor 

speed and torque in the presence of dynamic loads. 

TI has already designed a C2000 motor control card. The C2000 microcontroller family consists 

of high performance 32-bit microcontrollers. These microcontrollers can be used in a variety of 

applications from digital motor control to power line communications. TI‟s C2000 motor control 

card uses the Piccolo C2000F28035 chip. The Piccolo C2000F28035 chip has 16 ADCs, which 

are connected to the DRV8412‟s current sensors. This C2000 motor control card can be 

programmed through Code Composer Studio, using both Assembly and C. TI has already 

implemented software for the simultaneous spinning and control of two brushed DC motors and 

the spinning and control of one stepper motor. 



11 

 

Customer Requirements 

The customer, Texas Instruments (TI), has requested that we redesign an existing card, the 

C2000 motor control card. The redesign would replace the Piccolo C2000F28035 

microcontroller with a microcontroller from the MSP430 family of microcontrollers. The 

MSP430 microcontroller family is a set of ultra-low power consumption 16-bit microcontrollers. 

This MSP430 motor control card should match the C2000 motor control card exactly, both in 

functionality and performance. This constraint creates several explicit specifications for our 

project. For example, the MSP430 motor control card must use a DIMM100 interface to 

communicate with the DRV8412 motor control card. 

Once designed, we should also provide several software libraries for the MSP430 motor control 

card. This code should function exactly like the C2000 motor control card software libraries TI 

provided us. Functionality will include both spinning and control of brushed DC motors and 

stepper motors. 

These software libraries must also contain appropriate software abstractions and modality, within 

the practices of conventional object-oriented programming. Not only must this code be 

extensible, it must also contain sufficient software interfaces to utilize a Graphical User Interface 

(GUI) when the software becomes available. This GUI must be able to display motor RPM, 

current, temperature, &c. We will have to follow general software programming processes 

closely to be able to successfully interface with software that does not currently exist, is coded 

by a different company, and isn‟t specifically designed for our software libraries. TI also requires 

that we conform closely to TI coding standards. 
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The project requires the following deliverables: 

 Schematic for the MSP430 motor control card design. 

 PCB layout for the MSP430 motor control card design. 

 Commented source code conforming to TI coding standards. 

Our Critical Customer Requirements (CCRs) were given to us in a technical format, with 

explicit, quantifiable customer desires and demands. Likely, this is the result of TI performing a 

Quality Function Deployment (QFD) analysis. However, since the nature of our project was a 

design to specification, we did not create a House of Quality to relate customer desires to 

technical specifications.  
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Chapter 2 

 

FAST Diagram 

Prior to beginning the conceptualization of our design problem, we created a Functional Analysis 

System Technique (FAST) diagram representing our project to ensure that our process did not 

lose sight of our ultimate goal. The FAST diagram is a methodological way to analyze design 

projects. The structure of the FAST diagram is intentionally simple and nontechnical. The 

diagram methodology is meant to ensure that the Voice of Customer does not become obscured 

by design constraints and engineering problems. Our diagram follows this methodology and 

exposes the motivations for each part of our project: 

Provide Torque Control Motor

Measure Load/

Torque
Measure Current

Form Circuit
Calculate Driving 

Signal

Analyze 

Feedback
Program 

Microcontroller

Generate Driving 

Signal

Send Driving 

Signal

Task Basic Function

  

Figure 1: FAST Diagram  
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Conceptual Diagram 

After creating our FAST diagram, we deconstructed the design issue into its fundamental 

constituents. This provided a highly-abstracted system level model of our project, and clarified 

the purpose of particular design decisions we encountered along the design cycle of the project. 

Our model is pictured below: 

 

Figure 2: Block Diagram of a Motor Control System 

The PC-MSP430 interface will be done through USB-based communication. This 

communication will use the UART protocol, as the C2000 motor control card did. The interface 

will be responsible for programming the MSP430 as well as providing information to the PC for 

a future Graphical User Interface (GUI). 

This MSP430 motor control card will also have to interface with the DRV8412 motor driver 

board. This is pictured above as two blocks: motor driver and sensor feedback. These two 

different features of the DRV8412 emphasize the fact that the MSP430 motor control card both 

analyzes inputs and generates output. 
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Proposed Design Solution 

The design solution we proposed was to utilize the MSP430F5435 microcontroller. This 

microcontroller was chosen over other MSP430 microcontrollers primarily for two reasons. First, 

the MSP430F5435 microcontroller has the same pin package (80-pin Low-profile Quad Flat 

Package (LQFP)) as the Piccolo C2000F28035 microcontroller used in the pre-existing design 

from TI. Choosing a microcontroller with the same pin package will minimize the redesign 

required, as well as ensure that our MSP430 provides sufficient functionality in terms of ability 

to interact with peripheral hardware. 

There were two MSP430s with an 80-LQFP pin-package. The reason we chose the 

MSP430F5435 over MSP430F5437 was lower cost. The MSP430F5435 has less flash memory, 

but a close examination of the existing C2000 software as well as the specifications for 

functionality of the desired MSP430 motor control card led us to conclude that additional flash 

memory was an unnecessary cost for our final design. 

Although the MSP430 we chose has the same pin package as the C2000 in the existing design, 

the actual footprint of the two chips are significantly different. This required us to map C2000 

pins to MSP430 pins of equivalent function. Several design decisions were made here, as the 

functionality of the two chips are not equivalent. For example, the MSP430 has 12 ADCs (two of 

which must be used for reference voltage) while the C2000 has 16 ADCs. The DRV8412 has an 

interface for 14 ADCs, so design decisions were made as to which signals from the DRV8412 

will be sensed by the MSP430. The design decision was made based upon the pre-existing code 

and a close examination of the DRV8412 motor control board. 
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Our design specifications required us to redesign and fabricate the PCB board design we were 

given. We performed our redesign in PADS Layout, which was the format which TI originally 

designed the C2000 motor control card. This required access to PADS Layout, and 

familiarization with the PADS technology. Fortunately, there is a PADS Evaluation Version, 

which is a 30-day fully-functional trial. For our design project, the PADS Evaluation Version 

was sufficient. 

Also, we integrated PCB fabrication and assembly. Unfortunately, we could not use the same 

company that TI used in the production of the C2000 motor control card. TI‟s PCB fabrication 

company, Gorilla Circuits, has a minimum lot size of 30 PCBs. Not only does this quantity 

exceed our needs, but the cost was $1200, not including assembly and non-recurring engineering 

(NRE) costs. We also compared several other companies, including ExpressPCB, Advanced 

Circuits, Mini Micro Stencil, and Hughes Circuits. Eventually, we resolved to use Sunstone 

Circuits and Screaming Circuits. Sunstone Circuits is able to both fabricate PCBs as well as 

surface mount chips through an associated company, Screaming Circuits. The deliverables 

required for the PCB process include the necessary Gerber files, a MSP430 Motor Control Card 

Schematic, MSP430 Motor Control Card Assembly Files, a Bill of Materials, and a footprint data 

sheet for every chip on the PCB. These were produced as quickly as possible, to account for the 

delay in fabrication, assembly, and shipping time. 

Once the hardware aspect of our project was completed, we also designed software for both 

simple motor spinning as well as advanced motor load/torque compensation. The latter will be 

accomplished with a PID regulator and current feedback. There was functionally similar code 

provided with the C2000; however, the MSP430 architecture is significantly different, and code 

from one microcontroller family cannot easily be translated into another. For example, the 
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C2000 code makes heavy use of the IQMath library, which is a high-precision fixed-point 

arithmetic library. The MSP430 does not support the IQMath library; in its place we used basic 

C variable types. 

The code creation was done in C, using the Code Composer Studio (CCS) Integrated 

Development Environment (IDE). CCS is an IDE specifically designed for TI‟s microcontrollers, 

and features robust functionality that allow for live variable manipulation and debugging. As 

stated in the design specifications, the code that we wrote had to conform to TI‟s software 

conventions. Examples of this were available in TI ControlSUITE. 
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Proposed Budget 

Our design team was given a design to specification project by Texas Instruments with no budget 

limit provided. Our proposed budget includes chips which were provided free of charge by Texas 

Instruments. An in-depth Bill of Materials is available in the included Appendix. This details the 

specific components that incur costs in each of the categories below. 

In terms of development environment, no costs were incurred. We were able to use PADS 

Evaluation Version for our project, which was provided with a 30-day license by Mentor 

Graphics. Also, Code Composer Studio is a free IDE provided by Texas Instruments. 

Component Cost 

MSP430 Microcontroller $9.46 

Resistors $2.88 

Capacitors $8.86 

ICs $22.40 

Miscellaneous $10.71 

PCB Fabrication and Assembly $557.17
 

Total $611.48 

Figure 3: Proposed Per-Unit Budget 
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Proposed Schedule 

A Gantt chart was created to keep our group at an acceptable rate where we can meet our design 

deadline. The Gantt chart was split into hardware and software and further separated into the 

C2000 control card and the MSP430 control card. In order to meet deadlines we worked together 

and communicated with each other well. The schedule indicates the PCB design was to be 

completed by October 22 and the ordering of the PCB board was to be completed by November 

5. These deadlines were set so our team would have enough time to program the card with our 

software we wrote and debug any problems which occurred. The hopes were to have the project 

completed a week early so when problems occurred in the schedule we had time to make it work 

in that final week. Planning the end date of the project a week early also gave us slack time, in 

case of unexpected delays. This was fortunate, as we did encounter several delays, discussed in 

Chapter 3. 
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Figure 4: Gantt Chart  
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Chapter 3 

 

Hardware Design 

We have taken a close look at the existing C2000 motor control card and determined which 

changes were appropriate in the adaptation to the MSP430 architecture. Several design decisions 

were made in the process. We chose the MSP430F5435 to have the same pin count and format as 

the Piccolo C2000F28035 we were replacing. As mentioned in the Proposed Design Solution 

section, this was a decision to minimize redesign. However, a significant amount of redesign still 

needed to occur, as the pin mappings on the MSP430F5435 were significantly different from the 

C2000F28035. 

The C2000 uses a PWM signal to create an average DC voltage across the motor. Therefore, to 

create a similar motor control card using the MSP430, pins able to create a PWM signal had to 

be mapped to the DIMM slot connections 23, for PWM A, 24 for PWM C, 73 for PWM B and 

74 for PWM D. On the MSP430, PWM A was remapped to pin 19 P1.2, PWM B was remapped 

to pin 63 P8.1, PWM C was remapped to pin 20 P1.3, PWM D was remapped to pin 62 P8.2. 

Minimally these pins would have to be correctly mapped to send a viable control signal to the 

motor driver board, the DVR8412. 

In order to implement control of a motor, feedback is required. The C2000 uses 16 ADCs to 

evaluate current feedback, and calculate the back emf in code. The MSP430 only has 12 ADCs. 

Compromise was needed to overcome this obstacle. After examining the code, and analyzing the 

DRV8412 motor driver board, which our project is expected to interface with, the ADCs most 
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useful for control of a motor were ADC A0 through ADC B3. ADC B4 though ADC B7 could 

not be replicated on the MSP430. This peripheral circuitry surrounding these ADCs were also 

deemed unnecessary. Each ADC signal from the DRV8412 was passed through a low pass filter, 

consisting of a series resistor and a parallel capacitor to ground. This eliminates the reading of 

high frequency noise which could confound the motor control and cause instability. All pin 

mapping done from the C2000 to the MSP430 can be seen in the C2000F28035-to-

MSP430F5435 Pin Mappings section of the Appendix. 

Additionally, there were pins on the MSP430 that had no equivalent function on the C2000 and 

vice versa. For example, the VCORE pin on the MSP430, which regulates the MSP430 power 

consumption, had no equivalent on the C2000. With information from the data sheet for the 

MSP430, an informed decision was made to tie the VCORE pin of the MSP430 through a 470nF 

capacitor to ground. The MSP430 had no ESRN or VREGENZ, so R1 and R2 were eliminated 

from the design, because they no longer served any purpose. These chips were also different in 

the way they were grounded and powered. Based on these differences, components L1, L2, C10, 

C11, C19, C20 and C21 were removed. These changes were then reflected on MSP430 Motor 

Control Card Schematic included in the Appendix. 

Once the pin mapping was done, the next challenge was to design the PCB board. Having been 

given a PCB design for the C2000 control card, we reflected the changes made in the pin 

mapping into the netlist. Additionally, we were only able to receive a PDF of the schematic from 

TI. We decided it would be most effective to directly edit the netlists within the PCB editor, and 

then do the corresponding changes to both the PCB layout and the schematic. This required 
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careful labor, as this meant we could not check our schematic netlists against our PCB netlists. 

We also implemented several checks in the process to ensure accurate results. 

Once the netlist was done, wiring was the next issue. None of the team had any experience with 

PCB design, so this was a difficult process as there was limited space, many connections, and no 

prior knowledge base. The design changed dynamically throughout the process, but finally a 

final design was reached and Gerber files were generated for fabrication. The MSP430 Motor 

Control Card PCB Layout can be found in the Appendix of this document. 

The next challenge was to find a company that could fabricate and assemble our board within our 

budget and time constraints. We considered Gorilla Circuits, Mini-Micro Stencil, Advanced 

Circuits, ExpressPCB, and Hughes Circuits. All of these companies far exceeded our initial 

budgetary constraints or were beyond our deadline due to the high number of surface mounted 

components on our design. The budget was renegotiated with Professor Shanblatt, and we were 

given a budget increase to order our boards. In the end, we used Sunstone Circuits and 

Screaming Circuits for fabrication and assembly, due to their low quantity, quick turnaround, and 

relatively low cost. 
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Hardware Implementation 

A large aspect of our project was hardware implementation. In order to develop code while we 

simultaneously designing our MSP430 motor control card, we built many prototypes. These 

prototypes allowed us to test the code we had written while the card was being developed. To do 

this, all that was necessary as inputs to the DRV8412 motor driver board were PWMA, PWMB, 

PWMC and PWMD. For outputs, we isolated the current feedback from the DRV8412 and used 

this feedback as the input to the ADCs of our MSP-EXP430F5438 board.  

Linking the MSP-EXP430F5438 board required us to design a DIMM slot adapter. We did this 

in Mentor Graphics PADS software package. One difficulty we encountered with this specific 

task was the inability of the ECE shop to fabricate boards thin enough to fit into the DIMM slot. 

To counteract this we used a rotary grinder to remove a thin amount of material from the inner 

layer of the board. 
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Figure 5: DIMM Slot Adapter 

Figure 6: DIMM Slot Adapter, in DRV8412 
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Once we had the ability to link to the DRV8412 we designed a box as an intermediate between 

the MSP-EXP430F5438 board and the DIMM slot adapter. This box contained the filters to 

eliminate high frequency noise from the current feedback signals, a LED network that visually 

shows the direction the motor is spinning and varies the intensity of the light emitted according 

to the average voltage of the PWM signals and a turn potentiometer used as a reference voltage 

to send speed and direction information back to the MSP-EXP430F5438 board.

Figure 7: MSP-EXP430F5438 to DRV8412 Interface 



27 

 

Figure 8: MSP-EXP430F5438 to DRV8412 Interface (Top View) 

The hardware team‟s main design efforts were focused on developing the MSP430 motor control 

card. The PCB design was done in PADS Layout. This process is covered in more detail in the 

hardware design section of this document. This board is four layers, consisting of a primary and 

secondary side and two inner layers. The primary and secondary sides consist of all components 

and all traces. The two inner layers are the power and ground layers of the board, supplying these 

connections to all necessary sections of the board through the use of test points, which are the 
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bridges between the primary and secondary layers. These test points are unshielded on the power 

or ground layers if the component is associated with either of these nets. The completed boards 

were fabricated by Sunstone Circuits and assembled by Screaming Circuits and match the 

specifications of the C2000 motor control card assigned at the beginning of the semester. Some 

modifications needed to be done on the MSP430 motor control card to enable it to fit in the 

DIMM slot. The two notches between the DIMM slot connections needed to be filed out since 

the machines at Sunstone were unable to mill it according to our specifications. 
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Figure 9: MSP430 Motor Driver Card, PCB Layout in PADS 

Figure 10: MSP430 Motor Driver Card, Fabricated and Assembled 
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Software Requirements and Implementation 

Our software had to compile on the MSP430, and perform exactly like the provided C2000 code, 

which was available in ControlSUITE. The C2000 motor control card‟s Digital Motor Control 

library, which is used in the code given to us by TI, is not available for the MSP430. This means 

we do not have access to ramp control objects or PID regulator objects. The IQMath library, a 

high-precision, fixed-point math library, itself is not available for the MSP430. We contacted TI 

to determine if they had a desired alternative for our code. In response, we received several 

different MSP430 code samples that conformed to TI coding standards; after an examination of 

several projects, particularly code designed to operate a Sunon fan, we decided to use basic C 

variables, such as „double‟ and „unsigned int‟. Using these basic C variables, we had to develop 

our own ramp control, PID regulator, and sawtooth generator objects. 

While we were working on hardware design, we developed software in parallel. We used two of 

TI‟s MSP430 experimenter boards in the process: the MSP-EXP430G2231 experimenter board 

(also known as the MSP430 Launchpad), and the MSP-EXP430F5438 experimenter board. 

On the Launchpad, we successfully implemented pulse-width modulation (PWM) through the 

timer registers of the MSP430, interrupts that trigger both off input/output pins and timers, and 

analog-to-digital conversion. However, as we began to implement PID regulators and ramp 

control objects, we quickly found that we ran out of memory on the MSP430G2231. Also, any 

Value Line MSP430 chip compatible with the Launchpad interface would not have sufficient 

memory to store the code necessary. After reaching this limitation, we contacted TI and 

requested a MSP-EXP430F5438 experimenter board. 



31 

 

On the MSP430-EXP430F5438 experimenter board, we implemented a ramp control module, as 

well as a PID regulator module on the MSP430. The implementation was inspired by similar 

code for the C2000; however, it had to be rewritten to use basic C variable functions and 

methods instead of the specialized high-precision functions and methods provided through the 

IQMath library. The nature of digital microcontrollers require that any PID implementation be 

done digitally, so when we use the PID parameters from a continuous-time simulation, we had to 

scale the integral and the derivative gains based on the frequency of the algorithm. Also, the 

C2000 code contains most of the motor control functionality within a constantly triggered 

Interrupt Service Routine (ISR); on the MSP-EXP430F5438 experimenter board, we used the 

watchdog timer to trigger the ISR. The timing of the MSP430 is complicated by slower clock 

speeds, so, although code is in place to execute a finite-state machine similar to the C2000 code, 

it is commented out. The clock on the experimenter board is too slow to allow the PI control to 

run successfully while still executing timed functions. Also, the clock speed limited the range of 

stepper motor speeds that the MSP-EXP430F5438 experimenter board could generate signals 

for. 

The final code successfully drives and controls one or two brushed DC motors, as well as drives 

a stepper motor with limited control. The verification of the software is discussed in the next 

chapter, and the final source code is available in the Appendix beginning on page 62. 
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Chapter 4 

 

Software Verification 

Due to the nature of our project there was little testing we could do on the hardware until it was 

fabricated and assembled, so our testing began with software. To run a DC motor, a PWM signal 

must be outputted. So our first test was to get the MSP430 to output PWM on four different pins 

so that it could drive two brushed DC motors through the DVR8412. We arbitrarily chose the 

duty cycle for these tests to be 50%. This test was done with the MSP-EXP430F5438 board. We 

programmed the board to output PWM and then tested the signal with an oscilloscope. As seen 

in the figure below, PWMA is outputting a 50% duty cycle with PWMB remaining grounded. In 

the next figure, PWMA is grounded while PWMB is at a 50% duty cycle. PWMC and PWMD 

had similar results.  
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Figure 11  

 

Figure 12 

The next thing needed to control a motor with a microcontroller is sensing the back emf of the 

motor. The circuitry that is needed to actually sense this signal is provided on Texas Instruments‟ 
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DVR8412 motor driver board. Taking the feedback and processing it with the MSP430 was the 

task we were presented with. In order to know how to use the back emf, we needed to sample 

what it looked like. To run this test we used the MSP-EXP430F5438 board and programmed it to 

output a PWM signal. We then connected this to the DVR8412 motor driver board and sampled 

the feedback though the current sensing circuitry. Using an oscilloscope we looked at these 

signals. The figure below shows a picture of the back emf that the DVR8412 is sensing from the 

brushed DC motor with no load on it. The fluctuating signal is the back emf being sensed and the 

constant signal is the supplied voltage to the motor. The MSP430 uses this back emf to calculate 

the error to correct the motor speed through the PI controller. The second figure shows a 

significantly larger back emf signal due to a larger motor load. 

Figure 13 
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Figure 14 

In order to test the ADCs onboard the MSP-EXP430F5438 board, the code was run in debug 

mode and the values for ADCResultIFdbk1a, ADCResultIFdbk1b, ADCResultIFdbk2C and 

ADCResultIFdbk2d were watched. These values correspond to ports P7.4, P7.5, P7.6 and P7.7 

on the MSP-EXP430F5438 board respectively. The ADCs can register a value from 0 to 3.3 

Volts with a resolution of 0 to 4095. Each of these pins were linked to a voltage from 0 to 3.3 

Volts increased incrementally from 0 to 3 volts by one volt and then a final peak value of 3.3 was 

tested. 
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The results are as follows: 

 
0 V 1 V 2 V  3 V 3.3 V 

ADCResultIFdbk1a 3 1300 2573 3798 4095 

ADCResultIFdbk1b 2 1270 2526 3862 4095 

ADCResultIFdbk2c 0 1269 2526 3864 4095 

ADCResultIFdbk2d 0 1273 2524 3862 4095 
Table 1 

These values normalized by 4095 and multiplied by the 3.3 Volt range yield the following 

results. 

 
0 V 1 V 2 V  3 V 3.3 V 

ADCResultIFdbk1a 0.002418 1.047619 2.07348 3.060659 3.3 

ADCResultIFdbk1b 0.001612 1.023443 2.035604 3.112234 3.3 

ADCResultIFdbk2c 0 1.022637 2.035604 3.113846 3.3 

ADCResultIFdbk2d 0 1.025861 2.033993 3.112234 3.3 
Table 2 

Once we validated back emf was coming out of the motor, we needed to verify it was being 

sampled correctly by the MSP430. We ran the MSP-EXP430F5438 board in debug mode and 

watched the variables that calculated the back emf error. We continuously repeated this until we 

could see that the sample window was large enough not to erroneously capture peak values in 

oscillations in the back emf. Throughout this process the MSP430 continued to sample the 

expected value and calculate the error we were expecting.  

For the stepper motor to operate efficiently, the PWM signals being outputted needed to be timed 

precisely. We again used the MSP-EXP430F5438 board and programmed it to output four PWM 

signals. We used an oscilloscope to look at the output signals of the PWM and confirmed they 

were performing correctly. The figure below shows the output of each PWM signal. This type of 

output signal is known as microstepping. 
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Figure 15 

After we had received positive test results for all of the software functions we moved on to 

hardware testing. The first test we preformed was to make sure the MSP430 was receiving power 

correctly. This is performed by plugging the MSP430 control card into a computer with a USB 

cord. This should result in LED 1 and LED 4 illuminating on the MSP430 control card. On our 

first attempt only LED 4 lit up. After looking over the card we noticed that the two 0Ω resisters 

were not connected. The purpose of these two resistors is to bridge the two sides of the card. 

Holding the card up to light, one can see a green line representing a break between the power and 

ground layers of two isolated portions of the MSP430 motor control card. After soldering a wire 



38 

 

across the area where the resistors were supposed to go, both LED lights turned on thus verified 

the MSP430 control card was receiving power correctly. 

The second test we executed with the MSP430 is programming the FT2232D controller with the 

instructions provided by Texas Instruments. This test is performed by following Texas 

Instruments documentation on CC28035 Test Procedure. The documents for programming the 

FT2232D chip were originally for the C2000 control card but work with the MSP430 control 

card because we did not change the FT2232D chip on our new control card. The steps to 

program this chip were easy to follow, and we successfully programmed the FT2232D chip on 

our first attempt.  

The final test we performed was the programming of the MSP430. We performed this by 

selecting the proper target configuration in Code Composer Studio. After building the code we 

wrote for the MSP430 and verifying there were no errors, the next step was to enter debug mode. 

In debug mode, we are able to monitor variables live. We were previously able to use debug 

mode when programming the MSP-EXP430F5438 experimenter board. When we tried to enter 

debug mode on the MSP430 control card, we encountered an error saying the debugger is 

looking for a FET. A FET is the USB debugging-interface used for programming a MSP430 

microcontroller through JTAG interface. The C2000 control card did not need to be programmed 

through a FET so the control card we designed did not contain a JTAG connection. There is not 

the proper drivers build into Code Composer Studio to successfully program the MSP430 control 

card. With more time, it would be possible to acquire the drivers for communicating with the 

MSP430 control card. 
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Chapter 5 

 

Conclusion 

Our design team has executed and tested software to control a motor through an experimenter 

board using a microcontroller in the same family as the one used on our MSP430 motor control 

card. We designed, fabricated, and assembled a MSP430 motor control card which replicated the 

C2000 motor control card. Due to time constraints, we were unable to integrate the software we 

developed and motor control card. We did demonstrate a proof of concept through our 

functioning prototype with our software libraries using a MSP430 microcontroller from the 

MSP430X5XXX family. Our final price per unit cost of the control card is $616.16 which is a 

little more than our proposed budget. This increase in price is due to chips and parts not being in 

stock at the original proposed distributor, having to order extra parts for Screaming Circuits and 

our proposed budget did not include shipping costs. The price per unit for production would go 

down as the quantity of the card being produced increased. Due to concerns with the price of 

quotes we were receiving from companies, the hardware side of our project was delayed. 

Overall, the project was moderately successful and completed before the deadline of Design 

Day. In the future, the software we have written could be updated or changed to reflect what the 

user is trying to accomplish with the motor. Currently, we can control the speed of a motor using 

a potentiometer, and in the future a graphical user interface could be developed so the user could 

set different parameters of the motor.  
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Appendix 

 

Technical Roles and Responsibilities 

 

Roy Dong 

Roy‟s technical responsibility was the creation of MSP430 software libraries that can be used 

with the DRV-8412 motor driver card to control a motor. He adapted the PID regulator, ramp 

generator, and sine/cosine table objects, as well as some of the ramp control object, from the 

C2000 to the MSP430. He also wrote code for the MSP-EXP430F5438 that used these objects to 

drive and control a motor. To do so, Roy had to program the MSP430 to sequentially sample, 

convert, and store analog signals that communicated current values from the motor. He had to 

program the interrupt service routine (ISR) to execute at regular intervals; he used the watchdog 

timer to trigger these interrupts and used the oscilloscope to measure the frequency at which the 

ISR was executing. He coded the finite state machine, which executes tasks at relatively long 

intervals, around every 5 to 50 milliseconds. He also coded pulse-width modulation (PWM) 

using the capture/compare registers of timer modules; these capture/compare registers were set 

according to the desired duty cycle of the PWM signal. 
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Once all these individual parts were coded, Roy combined them to code an advanced PI control 

of brushed DC motors, using an incremental build structure similar to the provided 

ControlSUITE code. He also coded the MSP430 so that the motor speed could be set live by a 

simple voltage-dividing potentiometer, designed by Micajah. 

After finishing the brushed DC motor code, he also coded the MSP430 to drive the stepper 

motor. The stepper motor code successfully drives the stepper motor through rectified sine 

waves. Since the MSP430 cannot communicate analog values directly, the sine wave is 

communicated through a PWM signal. Roy used the sine/cosine tables to time the signals for the 

stepper motor exactly. 

In addition to software, Roy also mapped the C2000 pins to the MSP430 pins for the initial 

hardware design. This was done through analysis of the provided C2000 motor control card 

schematic and the MSP430F5435 datasheet. 
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Micajah Worden 

As specified in the design proposal, Micajah Worden was the PCB designer for Design Team 4. 

Working with the hardware team, he helped in the initial mapping of the C2000 microcontroller 

to the MSP430. This involved extensive research into the datasheets of both chips, the 

DVR8412, and the C2000 control card. Once the mapping was completed, he input all the 

necessary nets into the PCB software, Mentor Graphics PADS. This was tedious labor, as the 

MSP430 is an 80 pin chip, and each pin had to be connected to the appropriate net. This was 

done by hand. Additionally, there were additional nets required, not connected to the MSP430. 

Once the netlist was complete the challenge became wiring the board. This was a difficult 

process, as he had no prior experience with this design software or any similar design software. 

Wiring was difficult due to space limitations and the close proximity of pins to each other. In 

addition to the MSP430 on the control card, there were 82 other surface mounted components on 

a 3.551 by 1.125 inch board. Once the task of wiring was completed Micajah verified the design. 

This involved rechecking each of the nets by hand, running the included design verification 

software and fixing any errors that were found. After the design had been checked Micajah 

relayed the changes on the PCB design to David and Mark, who reflected these changes on the 
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assembly drawing and schematic for the design. These changes included net names that had 

changed as well as the addition and subtraction of components.  

In addition to his role as PCB designer, Micajah was also heavily involved in the fabrication and 

design of prototypes and test equipment used throughout the semester. Micajah, with Andrew, 

designed revisions one and two of the DIMM slot adapter in PADS. These cards were used to 

link to the DRV8412 from the MSP430 Experimenter board, which our code was developed for. 

Due to fabrication constraints of the ECE shop, these boards could not be fabricated thin enough 

to fit in the DIMM slot of the DRV8412. Micajah used his steady hands and a rotary grinder to 

cut down the length of the board between the two layers of the millimeters thick board, so it 

would be thin enough to fit in the DIMM slot. Micajah also fabricated the box that links between 

the experimenter board and the DIMM card adapter. He also designed the voltage reference 

circuit that controls speed and direction of the motor and designed the directional LEDs circuitry 

which specifies which one of the PWM signals is active. These LEDs show the direction the 

motors are spinning, and vary in intensity according to the equivalent DC voltage sent to the 

DRV8412 motor driver board. Micajah also built the dynamic load test device. This device 

allows the user to apply friction to the shaft of the motor, increasing the load. It is used to 

demonstrate the PID control implemented in software.  
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Mark Barnhill 

As described in the design proposal, Mark Barnhill was responsible for the programming of the 

MSP430 microcontroller. Mark worked with both the hardware and software of the project 

interfacing the two together. He was responsible for getting the brushed DC motor and stepper 

motor code to run using the C2000 motor control card before Roy began writing code for the 

MSP430 motor control card for the corresponding motor. This gave our group a baseline of what 

our MSP430 motor control card final product should operate like. After the code for the MSP430 

was completed, Mark worked with Roy, Andrew, and Micajah to debug any error which 

occurred between the hardware and software interface. 

On top of programming the microcontroller, Mark was also responsible for searching for 

companies who could fabricate and/or assemble our complex printed circuit board. This included 

creating a Bill of Materials, locating the parts through different vendors, and ordering the parts 

through Roxanne Peacock. Our final printed circuit board design added and removed 

components from the C2000 motor control card Texas Instruments already had designed. This 

required Mark to collaborate with Micajah so the appropriate components could be changed in 

the Bill of Materials and correct quantities could be ordered. Mark had to generate quotes online 

based on the specifications our printed circuit board required. After compiling a list of quotes he 
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had to communicate with the rest of the group and decide which company would be our best 

option. Mark had to communicate with Professor Shanblatt to get our quote approved and once 

approved he proceeded to order the board with Roxanne. Mark had to keep in constant contact 

with the two companies, Sunstone and Screaming Circuits, to ensure all their questions were 

answered and to make sure they were on schedule and our final product would arrive before our 

deadline passed. When our control card arrived, Mark worked with Andrew to program the USB 

chip before we could program our code onto the MSP430 microcontroller. 

 

 

 

Andrew Kleeves 

Andrew‟s technical contributions to the project include analyzing C2000 control card, PCB 

design, ramp control software module and prototyping.  

Early in the project Andrew worked with Micajah in breaking down the original C2000 control 

card. Focusing on integrated circuits and their functions and how they would be ported to the 

new MSP430 control card. This led to the first version of the pin mappings for MSP430 control 

card.  
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Andrew also assisted Micajah in the PCB layout of the MSP430 control card by going through 

each net on the PCB. This had to be done very thoroughly to ensure that the layout was correct 

before sending the card out for manufacturing due to the large cost of fabricating a 4-layer board 

with eighty plus surface mount components.  

As hardware neared completion the project moved to focusing on software. Andrew began the 

porting process of ramp control from the C2000 code given to us by Texas Instruments. This had 

to be changed due to the math library used in the C2000 family which is incompatible with the 

MSP430 family.  

In order to test the project‟s code we needed to construct a prototyping environment. This 

required 2 things a MSP430 microcontroller with enough memory that it could hold all of the 

code we had developed and a DIMM slot adapter so that the controller could be connected to the 

DRV-8412. Andrew suggested the MSP430 experimenter board MSP-EXP430F5438. This was 

chosen for its flexibility and the ports that it has access to.  

Also the DIMM slot adapter had to be fabricated. Andrew, with the assistance of Micajah, 

designed the PCB layout for the adapter. This was his responsibility to get the ECE shop to 

fabricate the adapter and test it for functionality. Once the shop had created the adapter we 

realized that it was too thick to fit into the DIMM slot. Our solution was to cut it down the 

middle with a Dremel tool and then Andrew used a file for the final sizing. 
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Dave Seaton 

Dave‟s assigned technical responsibilities concerned DC motor operation. This role dealt mainly 

with hardware but any potential aspect of the project that affected motor control became 

important. During the beginning of the semester while waiting for part shipments, a majority of 

time was spent thoroughly reading the DRV8412 and C2803x datasheets with the team. 

Important functions for digital motor control were noted and researched further. This was done 

mainly to understand the operation of both systems in order to prepare for designing and testing 

our project. When the initial shipment of the DRV and motors arrived, Dave made sure to 

benchmark the parts. Power was applied to both circuits and signals were monitored using the 

oscilloscope. The DRV was run standalone by mimicking the MSP430 using a function 

generator. Extensive tests were conducted on the effect of the carrier frequency and duty cycle 

on motor behavior. It was found that there is a certain acceptable range for PWM frequencies for 

optimum performance. Once the operational constraints were determined, he also tested the 

overall C2000 system using the example code.  

As a continuation of DC motor operation, it was also Dave‟s responsibility to characterize and 

simulate the motors. In order to run virtual models of each system in MATLAB and Simulink, 

the motor-specific state variables must be determined. Even after contacting the manufacturer, no 

information on the parameter values could be located. Thus, by using various electrical 
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engineering techniques, Dave found each value. The winding resistance, armature inductance, 

motor constant, and mechanical attributes were then used to simulate an open loop control 

scheme using MATLAB. Another crucial element of the system that was able to be determined 

by finding the parameters was the Proportion-Integral gain compensation within the software. 

Dave used root locus techniques and other control system analysis techniques to estimate initial 

PI gains. These values were then implemented in a closed-loop Simulink signal model and 

subjected to a repeated, ramp-controlled step function. Additional functionality was then added 

to determine feedback current and thus monitor whether the PI compensation would result in a 

potentially damaging overshoot event. 

Dave also developed the schematic and mechanical reference drawings for the MSP430 DIMM 

card. Along with adding the documentation to our project portfolio, these files were required by 

the printed circuit board manufacturer and surface mounting company in order to finalize quotes 

and fabricate our design. This involved helping the team with the C2000-MSP430 pin conversion 

and transferring the results to the schematic. The functionality of the ADC and other important 

interrupt functions needed to remain in the design and thus needed to seamlessly integrate with 

the existing IC chips and passive components on both layers of the board. Before shipping our 

Gerber files out, the entire team reviewed the port conversion again to verify the correct 

connections. An interesting obstacle to overcome was modifying the schematic without the use 

of an actual CAD program. Dave routed each of the individual connections and created each port 

description in Photoshop to the exact specifications that Cadence or Eagle would use in the .sch 

file. This process was repeated with the mechanical drawings and silkscreen layers. 
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C2000F28035-to-MSP430F5435 Pin Mappings 

The Excel spreadsheet, containing our pin mapping decisions, is attached on the next page. 
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DIMM Slot Pin Number

Pin Number Pin Function Pin Number Pin Function

1 GPIO22/EQEP1S/LINTXA 41 17 P1.0/TA0CLK/ACLK

2 GPIO32/SDAA/EPWMSYNCI/ADCSOCAO 45 18 P1.1/TA0.0

3 GPIO33/SCLA/EPWMSYNCO/ADCSOCBO 95 23 P1.6/SMCLK

4 GPIO23/EQEP1I/LINRXA 91 24 P1.7

5 GPIO42/COMP1OUT 31 25 P2.0/TA1CLK/MCLK

6 GPIO43/COMP2OUT 81 26 P2.1/TA1.0

7 VDD 16 DVCC1 51 DVCC2 31 DVCC3 67 DVCC4

8 VSS 15 DVSS1 50 DVSS2 30 DVSS3 68 DVSS4

9 XRS x x

10 TRST 76 RST/NMI/SBWTDIO

11 ADCINA7 71 4 P6.7/A7

12 ADCINA6/COMP3A/AIO6 69 3 P6.6/A6

13 ADCINA5 67 2 P6.5/A5

14 ADCINA4/COMP2A/AIO4 65 1 P6.4/A4

15 ADCINA3 63 80 P6.3/A3

16 ADCINA2/COMP1A/AIO2 61 79 P6.2/A2

17 ADCINA1 59 78 P6.1/A1

18 ADCINA0 57 77 P6.0/A0

19 VREFHI 9 P5.0/A8/VREF+/VeREF+

20 VDDA 11 AVCC

21 VSSA 12 AVSS

22 VREFLO 10 P5.1/A9/VREF−/VeREF−

23 ADCINB0 7 5 P7.4/A12

24 ADCINB1 9 6 P7.5/A13

25 ADCINB2/COMP1B/AIO10 11 7 P7.6/A14

26 ADCINB3 13 8 P7.7/A15

27 ADCINB4/COMP2B/AIO12 15 x x 43 P4.0/TB0.0

28 ADCINB5 17 x x 46 P4.3/TB0.3

29 ADCINB6/COMP3B/AIO14 19 x x 47 P4.4/TB0.4

30 ADCINB7 21 x x 48 P4.5/TB0.5

31 GPIO27/SPISTEB 86 29 P2.4/RTCCLK

32 GPIO31/CANTXA 94 32 P2.5

33 GPIO30/CANRXA 44 33 P2.6/ACLK

34 GPIO29/SCITXDA/SCLA/TZ3 93 39 P3.4/UCA0TXD/UCA0SIMO

35 VSS x x

36 VDDIO x x

37 GPIO26/SPICLKB 36 34 P2.7/ADC12CLK/DMAE0

38 TEST2 71 TEST/SBWTCLK

39 GPIO9/EPWM5B/LINTXA 78 59 P7.3/TA1.2

40 GPIO28/SCIRXDA/SDAA/TZ2 43 40 P3.5/UCA0RXD/UCA0SOMI

41 GPIO18/SPICLKA/LINTXA/XCLKOUT 39 35 P3.0/UCB0STE/UCA0CLK

42 GPIO17/SPISOMIA/TZ3 88 36 P3.1/UCB0SIMO/UCB0SDA

43 GPIO8/EPWM5A/ADCSOCAO 28 28 P2.3/TA1.2

44 GPIO25/SPISOMIB 85 37 P3.2/UCB0SOMI/UCB0SCL

45 GPIO44 32 38 P3.3/UCB0CLK/UCA0STE

46 GPIO16/SPISIMOA/TZ2 38 41 P3.6/UCB1STE/UCA1CLK

47 GPIO12/ /SCITXDA/SPISIMOBTZ1 33 42 P3.7/UCB1SIMO/UCB1SDA

48 GPIO41/EPWM7B 80 45 P4.2/TB0.2

49 GPIO7/EPWM4B/SCIRXDA 76 66 P8.6/TA1.1

50 GPIO6/EPWM4A/EPWMSYNCI/EPWMSYNCO 26 27 P2.2/TA1.1

51 X2 13 P7.0/XIN

52 X1 14 P7.1/XOUT

53 VSS x x

54 VDD x x

55 GPIO19/XCLKIN/ /LINRXA/ECAP1SPISTEA 89 57 P5.7/UCA1RXD/UCA1SOMI

56 GPIO39 42 58 P7.2/TB0OUTH/SVMOUT

57 GPIO38/TCK/XCLKIN 75 PJ.3/TCK

58 GPIO37/TDO 72 PJ.0/TDO

59 GPIO35/TDI 73 PJ.1/TDI/TCLK

60 GPIO36/TMS 74 PJ.2/TMS

61 GPIO11/EPWM6B/LINRXA 79 63 P8.3/TA0.3

62 GPIO5/EPWM3B/SPISIMOA/ECAP1 75 64 P8.4/TA0.4

63 GPIO4/EPWM3A 25 22 P1.5/TA0.4

64 GPIO40/EPWM7A 30 44 P4.1/TB0.1

65 GPIO10/EPWM6A/ADCSOCBO 29 21 P1.4/TA0.3

66 GPIO3/EPWM2B/SPISOMIA/COMP2OUT 74 62 P8.2/TA0.2

67 GPIO2/EPWM2A 24 20 P1.3/TA0.2

68 GPIO1/EPWM1B/COMP1OUT 73 61 P8.1/TA0.1

69 GPIO0/EPWM1A 23 19 P1.2/TA0.1

70 VDDIO x x

71 VSS x x

72 VDD x x

73 VREGENZ x x

74 GPIO34/COMP2OUT/COMP3OUT 46 60 P8.0/TA0.0

75 GPIO15/TZ1/LINRXA/SPISTEB 34 65 P8.5/TA1.0

76 GPIO13/TZ2/SPISOMIB 83 52 P4.6/TB0.6

77 GPIO14/TZ3/LINTXA/SPICLKB 84 53 P4.7/TB0CLK/SMCLK

78 GPIO20/EQEP1A/COMP1OUT 40 54 P5.4/UCB1SOMI/UCB1SCL

79 GPIO21/EQEP1B/COMP2OUT 90 55 P5.5/UCB1CLK/UCA1STE

80 GPIO24/ECAP1/SPISIMOB 35 56 P5.6/UCA1TXD/UCA1SIMO

C2000 MSP430
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MSP430 Motor Control Card Schematic 

The schematic of our MSP430 motor control card is attached as the next three pages. 
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MSP430 Motor Control Card PCB Layout 

The MSP430 motor control card PCB layout, as seen in Mentor Graphics PADS Layout, is 

attached on the next page. 
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MSP430 Motor Control Card Assembly Files 

The assembly schematic, which denotes the placement of each chip, is attached as the next page. 

This schematic was sent to Screaming Circuits for assembly. Chips may reference part numbers, 

which are identified in our Bill of Materials. 
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Bill of Materials 

  

Part Reference Part Number Description PCB Footprint Cost per Unit

C1 C29 C35 C38 C40 C41 

C42 C43 C44 C47 C49 445-1265-1-ND CAP CER .10UF 10V X5R 10% 0402 0402 $0.017

C2 C3 C4 C5 C6 C7 C8 C9 

C24 C25 C26 C27 C28 C30 445-2662-1-ND CAP CER 3300PF 10V SL 5% 0402 0402 $0.220

C12 C22 C23 581-0603ZD225K 0603 2.2UF 10VOLTS 0603 $0.660

C13 718-1608-1-ND CAP TANT 47UF 10V 20% 0805 0805 $2.050

C14 C33 478-1239-1-ND CAP CERM .1UF 10%  16V X7R 0603 0603 $0.028

C15 PCC2395CT-ND CAP CERAMIC 10UF 6.3V X5R 0603 0603 $0.450

C16 C18 C36 C37 905996489 Capacitor,1.0UF,10V,10%, X5R, 0603 0603 $0.010

C17 478-6209-1-ND CAP CER 10000PF 16V X7R 0603 0603 $0.110

C39 C48 445-4985-1-ND CAP CER .22UF 10V X5R 0402 0401 $0.066

C31 C45 C46 445-4989-1-ND CAP CER .47UF 10V X5R 0402 0402 $0.077

C50 445-4442-1-ND CAP CER .10UF 100V X7R 0805 0805 $0.165

J1 H2959CT-ND CONN RECEPT MINI USB2.0 5POS $1.180

L3 L4 490-1054-1-ND FERRITE CHIP 220 OHM 2000MA 0805 0805 $0.056

L5 490-4030-1-ND INDUCTOR 22UH 13MA 0805 0805 $0.160

LD1 LD4 404-1021-1-ND LED GREEN 0805 SMD 0805 $0.530

LD2 LD3 404-1017-1-ND LED RED 0805 SMD 0805 $0.510

R13 R18 R20 541-2.2KJCT-ND RES 2.2K OHM 1/16W 5% 0402 SMD 0402 $0.074

R4 541-0.0JCT-ND RES 0.0 OHM 1/16W 0402 SMD 0402 $0.074

R3 R7 R8 541-680JCT-ND RES 680 OHM 1/16W 5% 0402 SMD 0402 $0.074

R11 R12 311-820JRCT-ND RES 820 OHM 1/16W 5% 0402 SMD 0402 $0.066

R14 R22 541-1.0KJCT-ND RES 1.0K OHM 1/16W 5% 0402 SMD 0402 $0.074

R15 541-470JCT-ND RES 470 OHM 1/16W 5% 0402 SMD 0402 $0.074

R16 R17 541-27JCT-ND RES 27 OHM 1/16W 5% 0402 SMD 0402 $0.074

R19 541-1.0MJCT-ND RES 1.0M OHM 1/16W 5% 0402 SMD 0402 $0.074

R21 R24 541-10KJCT-ND RES 10K OHM 1/16W 0402 SMD 0402 $0.074

R25 R26 541-3.3KJCT-ND RES 3.3K OHM 1/16W 5% 0402 SMD 0402 $0.074

R27 541-0.0GCT-ND RES 0.0 OHM 1/10W 0603 SMD 0603 $0.074

RN1 RN2 Y1330CT-ND RES ARRAY 33 OHM 5% 8 ERS SMD RPACK8 $0.630

SW2 CT2182LPST-ND SWITCH DIP HALF PITCH 2POS SMT218LP_2POS $1.320

SW3 563-1004-1-ND SWITCH DIP 1-POS SLIDE SMD SMD $1.100

U1 MSP430F5435IPNR IC MCU 16BIT 192K FLASH 80-LQFP PN

U2 U3 NUP4201MR6T1GOSCT-ND IC TVS DIODE ARRAY HS LINE 6TSOP TSOP-6 $0.820

U4 U5 TPS73033DBVR IC LDO REG HI-PSRR 3.3V SOT23-5 SOT-23-5 $0.850

U7 SN74LVC2G07DBVR IC DUAL BUFF /DRVR W/OD SOT23-6 DBV6 $0.660

U8 768-1010-1-ND IC USB UART/FIFO DUAL 48-LQFP 48-LQFP $6.990

U9 ISO7240CDW IC DGTL ISOL 4CH 25MBPS 16-SOIC DW $5.400

U10 ISO7242CDW QUAD CH 2/2 25MBPS DW $7.000

U11 BAW567DW-FDICT-ND DIODE ARRAY SW QUAD 200MW SC70-6 SOT-363 $0.530

U12 93LC46BT-I/OTCT-ND IC EEPROM 1KBIT 2MHZ SOT23-6 SOT-23-6 $0.340

U13 SN74LVC2G74DCUR IC D-TYPE F-F POS-EDG-TRG 8VSSOP DCU $0.660

X1 490-1199-1-ND CER RESONATOR 20.0MHZ SMD SMD $0.500

X3 490-1218-1-ND CER RESONATOR 6.00MHZ SMD SMD $0.470
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MSP-EXP430F5438 – Brushed DC Motor Code – main.c 

// Coded by: Roy Dong 

 

#include "msp430.h" 

 

#include "rmp_cntl_MSP430.h" 

#include "pidreg3_MSP430.h" 

 

#include "2xDC_Motor_MSP430.h" 

 

interrupt void ADC12ISR(void); 

interrupt void MainISR(void); 

 

// State machine function prototypes 

void A0(void); 

void B0(void); 

void C0(void); 

 

void A1(void); 

void A2(void); 

void A3(void); 

 

void B1(void); 

void B2(void); 

void B3(void); 

 

void C1(void); 

void C2(void); 

void C3(void); 

 

void (*Alpha_State_Ptr)(void); // Base states pointer 

void (*A_Task_Ptr)(void); // State pointer A branch 

void (*B_Task_Ptr)(void); // State pointer B branch 

void (*C_Task_Ptr)(void); // State pointer C branch 

 

unsigned int A_count = 0; // counts how many Ax states execute 

unsigned int B_count = 0; // counts how many Bx states execute 

 

unsigned int VTimer0; 

unsigned int VTimer1; 

unsigned int VTimer2; 

 

double VRef1 = 1.0; // Motor 1 voltage reference (pu) 

double IRef1 = 0.0; // Motor 1 current reference (pu) 

double IRef2 = 0.0; // Motor 1 current reference (pu) 

 

unsigned int ADCResultPot; 

unsigned int ADCResultIFdbk1a; 

unsigned int ADCResultIFdbk1b; 

unsigned int ADCResultIFdbk2c; 

unsigned int ADCResultIFdbk2d; 

 

double IFdbk1; // Motor 1 current feedback (pu) 

double IFdbk1a; // Phase 1 current feedback (pu) 

double IFdbk1b; // Phase 1 current feedback (pu) 
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double IFdbk2; // Motor 2 current feedback (pu) 

double IFdbk2c; // Phase 2 current feedback (pu) 

double IFdbk2d; // Phase 2 current feedback (pu) 

 

int Rotation1 = 0; // Motor 1 PWM direction 

int Rotation2 = 0; // Motor 2 PWM direction 

 

int IsrTicker = 0; 

int BackTicker = 0; 

 

int CCRValue = 0; 

 

volatile int EnableFlag = 1; 

 

float T = 0.001/ISR_FREQUENCY; // Sampling period (sec) 

 

PIDREG3 pid1_i = PIDREG3_DEFAULTS; 

PIDREG3 pid2_i = PIDREG3_DEFAULTS; 

 

PIDREG3 pid1_v = PIDREG3_DEFAULTS; 

 

RMPCNTL rc1 = RMPCNTL_DEFAULTS; 

RMPCNTL rc2 = RMPCNTL_DEFAULTS; 

 

void main(void) 

{ 

  

 // Use WDT to trigger MainISR interrupt 

// WDTCTL = WDT_MDLY_0_064; // WDT 0.064ms, SMCLK, interval timer  

// WDTCTL = WDT_MDLY_0_5; // WDT 0.5ms, SMCLK, interval timer  

 WDTCTL = WDT_MDLY_32;  // WDT 32ms, SMCLK, interval timer 

 SFRIE1 |= WDTIE;   // Enable WDT interrupt 

  

 while (EnableFlag == 0) 

 { 

  ++BackTicker; 

 } 

  

 // Tasks State-machine init 

 Alpha_State_Ptr = &A0; 

 A_Task_Ptr = &A1; 

 B_Task_Ptr = &B1; 

 C_Task_Ptr = &C1; 

  

 // Initialize the PID module for I 

 pid1_i.Kp = 0.442; // for 12V DC bus 

 pid1_i.Ki = T/0.0005; 

 pid1_i.Kd = 0; 

 pid1_i.Kc = 0.2; 

 pid1_i.OutMax = 0.95; 

 pid1_i.OutMin = -0.95; 

  

 pid2_i.Kp = 0.442; // for 12V DC bus 

 pid2_i.Ki = T/0.0005; 

 pid2_i.Kd = 0; 

 pid2_i.Kc = 0.2; 
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 pid2_i.OutMax = 0.95; 

 pid2_i.OutMin = -0.95; 

  

 // Initialize the PID module for V 

 pid1_v.Kp = 0.442; // for 12V DC bus 

 pid1_v.Ki = T/0.0005; 

 pid1_v.Kd = 0; 

 pid1_v.Kc = 0.2; 

 pid1_v.OutMax = 0.95; 

 pid1_v.OutMin = -0.95; 

 

 // Set up timer A0 to count 

 TA0CTL = TASSEL_2 | MC_2 | TACLR; // SMCLK, continuous up mode, clear 

 TA0CCR1 = 1050;  // 1 ms 

  

 // Set up timer A1 and B0 

 TA1CCR0 = PWM_PERIOD-1; 

 TB0CCR0 = PWM_PERIOD-1; 

  

 TA1CCTL1 = OUTMOD_7;  // CCR1 reset/set 

 TA1CCTL2 = OUTMOD_7; 

 TB0CCTL1 = OUTMOD_7; 

 TB0CCTL2 = OUTMOD_7; 

 TB0CCTL3 = OUTMOD_7; 

 TB0CCTL5 = OUTMOD_7; 

  

 TA1CTL = TASSEL_2 | MC_1; // SMCLK, up mode 

 TB0CTL = TBSSEL_2 | MC_1; 

  

 P4DIR |= (BIT1 | BIT2 | BIT3 | BIT5); // Set P4.1,2,3,5 to output 

 P1DIR |= (BIT0 | BIT1); // Set P1.0,1 to output 

 P7DIR |= BIT3; // Set 7.3 to output (TA1.2) 

 P8DIR |= BIT6; // Set 8.6 to output (TA1.1) 

 P7SEL |= BIT3; // Set to timer 

 P8SEL |= BIT6; 

 P6DIR &= ~(BIT7); // Set P6.7 to input, A7 

 P7DIR &= ~(BIT4 | BIT5 | BIT6 | BIT7); // A12 to A15 

 P6SEL |= BIT7; // Set all to second mode, AX 

 P7SEL |= (BIT4 | BIT5 | BIT6 | BIT7); 

  

 ADC12CTL0 = ADC12SHT0_8 | ADC12ON | ADC12MSC; // Sampling time, ADC12 

on, multiple samples 

 ADC12CTL1 = ADC12SHP | ADC12CONSEQ_3;  // Use sampling timer, 

repeated-sequence mode 

  

 ADC12MCTL0 = ADC12INCH_7;   // ref+=AVcc, channel = A7 

 ADC12MCTL1 = ADC12INCH_12;   // ref+=AVcc, channel = A12 

 ADC12MCTL2 = ADC12INCH_13;   // ref+=AVcc, channel = A13 

 ADC12MCTL3 = ADC12INCH_14;   // ref+=AVcc, channel = A14 

 ADC12MCTL4 = ADC12INCH_15|ADC12EOS; // ref+=AVcc, channel = A15, end 

seq. 

 ADC12IE = ADC12IE4;   // Enable ADC12IFG4 

 ADC12CTL0 |= ADC12ENC;      // Enable 

conversion 

 ADC12CTL0 |= ADC12SC;      // Start 

 

 __bis_SR_register(GIE); // enable interrupts 
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 for (;;) 

 { 

  // MSP-EXP430F5438 has a clock speed too slow to allow for this 

  //(*Alpha_State_Ptr)(); // jump to an alpha state (A0, B0, ...) 

 } 

  

} 

 

// Framework 

void A0(void) 

{ 

 // if 1 ms has passed 

 if (TA0CCTL1 & TAIFG) 

 { 

  ++A_count; 

  TA0CCTL1 &= ~(TAIFG); // clear interrupt 

  TA0R = 0; 

  (*A_Task_Ptr)(); // jump to A task (A1,A2,...) 

  ++VTimer0; 

 } 

 Alpha_State_Ptr = &B0; // Comment to only allow A state tasks 

} 

 

void B0(void) 

{ 

 // if 5 ms has passed 

 if (A_count >= 5) 

 { 

  A_count = 0; 

  ++B_count; 

  (*B_Task_Ptr)(); 

  ++VTimer1; 

 } 

 Alpha_State_Ptr = &C0; // allow C state tasks 

} 

 

void C0(void) 

{ 

 // if 50 ms has passed 

 if (B_count >= 10) 

 { 

  B_count = 0; 

  (*C_Task_Ptr)(); 

  ++VTimer2; 

 } 

 Alpha_State_Ptr = &A0; 

} 

 

// A-tasks (1 ms) 

void A1(void) 

{ 

 A_Task_Ptr = &A2; 

} 

void A2(void) 

{ 

 A_Task_Ptr = &A3; 
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} 

void A3(void) 

{ 

 A_Task_Ptr = &A1; 

} 

 

// B-tasks (5 ms) 

void B1(void) 

{ 

 B_Task_Ptr = &B2; 

} 

void B2(void) 

{ 

 B_Task_Ptr = &B3; 

} 

void B3(void) 

{ 

 B_Task_Ptr = &B1; 

} 

 

// C-tasks (50 ms) 

void C1(void) 

{ 

 // Blink LED1 

 P1OUT ^= BIT0; 

 C_Task_Ptr = &C2; 

} 

void C2(void) 

{ 

 C_Task_Ptr = &C3; 

} 

void C3(void) 

{ 

 C_Task_Ptr = &C1; 

} 

 

// Store ADC values 

#pragma vector=ADC12_VECTOR 

interrupt void ADC12ISR (void) 

{ 

 // When A15 finishes converting 

 if (ADC12IFG4) 

 { 

  ADCResultPot = ADC12MEM0;//P5.1 

  ADCResultIFdbk1a = ADC12MEM1;//P7.4 

  ADCResultIFdbk1b = ADC12MEM2;//P7.5 

  ADCResultIFdbk2c = ADC12MEM3;//P7.6 

  ADCResultIFdbk2d = ADC12MEM4;//P7.7 

 } 

} 

 

// Trigger interrupts from WDT, every 60.23us (19.9kHz) 

#pragma vector = WDT_VECTOR 

interrupt void MainISR(void) 

{ 

 // Verifying the ISR 

 ++IsrTicker; 
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#if (BUILDLEVEL == LEVEL1) 

 

 // Connect inputs of RMP_CNTL module and call ramp control macro 

 rc1.TargetValue = VRef1; 

 RC_MACRO(rc1) 

  

 // Set rotation and pins based on rc1 

 if (Motor == 1) 

 { 

  // P4.1 is A, P4.2 is B 

  if (rc1.SetpointValue < 0) 

  { 

   Rotation1 = 0; 

   // Set A to low 

   P4SEL &= ~BIT1; // Set P4.1 to GPIO 

   P4OUT &= ~BIT1; // Ground P4.1 

   CCRValue = (-rc1.SetpointValue * PWM_PERIOD); 

   TB0CCR2 = CCRValue; 

   P4SEL |= BIT2; // Set P4.2 to TB0.2 

  } 

  else if (rc1.SetpointValue > 0) 

  { 

   Rotation1 = 1; 

   // Set B to low 

   P4SEL &= ~BIT2; // Set P4.2 to GPIO 

   P4OUT &= ~BIT2; // Ground P4.2 

   CCRValue = rc1.SetpointValue * PWM_PERIOD; 

   TB0CCR1 = CCRValue; 

   P4SEL |= BIT1; // Set P4.1 to TB0.1 

  } 

  else 

  { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT1 | BIT2); 

   P4OUT &= ~(BIT1 | BIT2); 

   CCRValue = 0; 

  } 

 } 

 else if (Motor == 2) 

 { 

  // Set rotation and pins based on rc1 

  // P4.3 is C, P4.5 is D 

  if (rc1.SetpointValue < 0) 

  { 

   Rotation1 = 0; 

   // Set C to low 

   P4SEL &= ~BIT3; // Set P4.1 to GPIO 

   P4OUT &= ~BIT3; // Ground P4.1 

   CCRValue = (-rc1.SetpointValue * PWM_PERIOD); 

   TB0CCR5 = CCRValue; 

   P4SEL |= BIT5; // Set P4.2 to TB0.2 

  } 

  else if (rc1.SetpointValue > 0) 

  { 

   Rotation1 = 1; 
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   // Set D to low 

   P4SEL &= ~BIT5; // Set P4.2 to GPIO 

   P4OUT &= ~BIT5; // Ground P4.2 

   CCRValue = rc1.SetpointValue * PWM_PERIOD; 

   TB0CCR3 = CCRValue; 

   P4SEL |= BIT3; // Set P4.1 to TB0.1 

  } 

  else 

  { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT3 | BIT5); 

   P4OUT &= ~(BIT3 | BIT5); 

   CCRValue = 0; 

  } 

 } 

  

 // PWMDAC outputs VRef1, rc1.SetpointValue 

 // PWMDAC1 is TA1.1, PWMDAC2 is TA1.2 

 // Both go from -1 to 1 

 // Normalize 

 TA1CCR1 = ((VRef1 + 1)/2)*PWM_PERIOD; 

 TA1CCR2 = ((rc1.SetpointValue + 1)/2)*PWM_PERIOD; 

 

#endif // BUILDLEVEL == LEVEL1 

 

#if (BUILDLEVEL == LEVEL2) 

 

 // Connect inputs of RMP_CNTL module and call ramp control macro 

 rc1.TargetValue = VRef1; 

 RC_MACRO(rc1) 

  

 // Get ADC results (normalize from (0 to 4095) to -1 to 1 

 if (Motor == 1) 

 { 

  IFdbk1b = (ADCResultIFdbk1b*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk1a*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

 } 

 else if (Motor == 2) 

 { 

  IFdbk1b = (ADCResultIFdbk2d*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk2c*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

 } 

  

 // Set rotation and pins based on rc1 

 if (Motor == 1) 

 { 

  // P4.1 is A, P4.2 is B 

  if (rc1.SetpointValue < 0) 

  { 

   Rotation1 = 0; 

   // Set A to low 

   P4SEL &= ~BIT1; // Set P4.1 to GPIO 

   P4OUT &= ~BIT1; // Ground P4.1 

   CCRValue = (-rc1.SetpointValue * PWM_PERIOD); 
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   TB0CCR2 = CCRValue; 

   P4SEL |= BIT2; // Set P4.2 to TB0.2 

  } 

  else if (rc1.SetpointValue > 0) 

  { 

   Rotation1 = 1; 

   // Set B to low 

   P4SEL &= ~BIT2; // Set P4.2 to GPIO 

   P4OUT &= ~BIT2; // Ground P4.2 

   CCRValue = rc1.SetpointValue * PWM_PERIOD; 

   TB0CCR1 = CCRValue; 

   P4SEL |= BIT1; // Set P4.1 to TB0.1 

  } 

  else 

  { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT1 | BIT2); 

   P4OUT &= ~(BIT1 | BIT2); 

   CCRValue = 0; 

  } 

 } 

 else if (Motor == 2) 

 { 

  // Set rotation and pins based on rc1 

  // P4.3 is C, P4.5 is D 

  if (rc1.SetpointValue < 0) 

  { 

   Rotation1 = 0; 

   // Set C to low 

   P4SEL &= ~BIT3; // Set P4.1 to GPIO 

   P4OUT &= ~BIT3; // Ground P4.1 

   CCRValue = (-rc1.SetpointValue * PWM_PERIOD); 

   TB0CCR5 = CCRValue; 

   P4SEL |= BIT5; // Set P4.2 to TB0.2 

  } 

  else if (rc1.SetpointValue > 0) 

  { 

   Rotation1 = 1; 

   // Set D to low 

   P4SEL &= ~BIT5; // Set P4.2 to GPIO 

   P4OUT &= ~BIT5; // Ground P4.2 

   CCRValue = rc1.SetpointValue * PWM_PERIOD; 

   TB0CCR3 = CCRValue; 

   P4SEL |= BIT3; // Set P4.1 to TB0.1 

  } 

  else 

  { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT3 | BIT5); 

   P4OUT &= ~(BIT3 | BIT5); 

   CCRValue = 0; 

  } 

 } 

  

 // PWMDAC outputs rc1.SetpointValue, IFdbk1 
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 // PWMDAC1 is TA1.1, PWMDAC2 is TA1.2 

 // Both go from -1 to 1 

 // Normalize 

 TA1CCR1 = ((rc1.SetpointValue + 1)/2)*PWM_PERIOD; 

 TA1CCR2 = ((IFdbk1 + 1)/2)*PWM_PERIOD; 

 

#endif // BUILDLEVEL == LEVEL2 

 

#if (BUILDLEVEL == LEVEL3) 

 

 // Connect inputs of RMP_CNTL module and call ramp control macro 

 rc1.TargetValue = IRef1; 

 RC_MACRO(rc1) 

  

 // Get ADC results (normalize from (0 to 4095) to -1 to 1 

 if (Motor == 1) 

 { 

  IFdbk1b = (ADCResultIFdbk1b*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk1a*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

 } 

 else if (Motor == 2) 

 { 

  IFdbk1b = (ADCResultIFdbk2d*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk2c*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

 } 

  

 // Connect PID_REG3 object 

 pid1_i.Ref = rc1.TargetValue; 

 pid1_i.Fdb = IFdbk1; 

 PID_MACRO(pid1_i); 

  

 // Set rotation and pins based on pid1_i 

 if (Motor == 1) 

 { 

  // P4.1 is A, P4.2 is B 

  if (pid1_i.Out < 0) 

  { 

   Rotation1 = 0; 

   // Set A to low 

   P4SEL &= ~BIT1; // Set P4.1 to GPIO 

   P4OUT &= ~BIT1; // Ground P4.1 

   CCRValue = -(pid1_i.Out * PWM_PERIOD); 

   TB0CCR2 = CCRValue; 

   P4SEL |= BIT2; // Set P4.2 to TB0.2 

  } 

  else if (pid1_i.Out > 0) 

  { 

   Rotation1 = 1; 

   // Set B to low 

   P4SEL &= ~BIT2; // Set P4.2 to GPIO 

   P4OUT &= ~BIT2; // Ground P4.2 

   CCRValue = pid1_i.Out * PWM_PERIOD; 

   TB0CCR1 = CCRValue; 

   P4SEL |= BIT1; // Set P4.1 to TB0.1 

  } 
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  else 

  { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT1 | BIT2); 

   P4OUT &= ~(BIT1 | BIT2); 

   CCRValue = 0; 

  } 

 } 

 else if (Motor == 2) 

 { 

  // P4.3 is C, P4.5 is D 

  if (pid1_i.Out < 0) 

  { 

   Rotation1 = 0; 

   // Set C to low 

   P4SEL &= ~BIT3; // Set P4.1 to GPIO 

   P4OUT &= ~BIT3; // Ground P4.1 

   CCRValue = -(pid1_i.Out * PWM_PERIOD); 

   TB0CCR5 = CCRValue; 

   P4SEL |= BIT5; // Set P4.2 to TB0.2 

  } 

  else if (pid1_i.Out > 0) 

  { 

   Rotation1 = 1; 

   // Set D to low 

   P4SEL &= ~BIT5; // Set P4.2 to GPIO 

   P4OUT &= ~BIT5; // Ground P4.2 

   CCRValue = pid1_i.Out * PWM_PERIOD; 

   TB0CCR3 = CCRValue; 

   P4SEL |= BIT3; // Set P4.1 to TB0.1 

  } 

  else 

  { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT3 | BIT5); 

   P4OUT &= ~(BIT3 | BIT5); 

   CCRValue = 0; 

  } 

 } 

  

 // PWMDAC outputs rc1.SetpointValue, IFdbk1 

 // PWMDAC1 is TA1.1, PWMDAC2 is TA1.2 

 // Both go from -1 to 1 

 // Normalize 

 TA1CCR1 = ((rc1.SetpointValue + 1)/2)*PWM_PERIOD; 

 TA1CCR2 = ((IFdbk1 + 1)/2)*PWM_PERIOD; 

 

#endif // BUILDLEVEL == LEVEL3 

 

#if (BUILDLEVEL == LEVEL4) 

 

 // Connect inputs of RMP_CNTL module and call ramp control macro 

 rc1.TargetValue = IRef1; 

 RC_MACRO(rc1) 

 rc2.TargetValue = IRef2; 
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 RC_MACRO(rc2) 

  

 // Get ADC results (normalize from (0 to 4095) to -1 to 1 

 IFdbk1b = (ADCResultIFdbk1b*2.0/4095.0)-1; 

 IFdbk1a = (ADCResultIFdbk1a*2.0/4095.0)-1; 

 IFdbk1 = IFdbk1a - IFdbk1b; 

 

 IFdbk2d = (ADCResultIFdbk2d*2.0/4095.0)-1; 

 IFdbk2c = (ADCResultIFdbk2c*2.0/4095.0)-1; 

 IFdbk2 = IFdbk2c - IFdbk2d; 

  

 // Connect PID_REG3 object 

 pid1_i.Ref = rc1.TargetValue; 

 pid1_i.Fdb = IFdbk1; 

 PID_MACRO(pid1_i); 

  

 pid2_i.Ref = rc2.TargetValue; 

 pid2_i.Fdb = IFdbk2; 

 PID_MACRO(pid2_i); 

  

 // Set Motor 1 

 // P4.1 is A, P4.2 is B 

 if (pid1_i.Out < 0) 

 { 

  Rotation1 = 0; 

  // Set A to low 

  P4SEL &= ~BIT1; // Set P4.1 to GPIO 

  P4OUT &= ~BIT1; // Ground P4.1 

  CCRValue = -(pid1_i.Out * PWM_PERIOD); 

  TB0CCR2 = CCRValue; 

  P4SEL |= BIT2; // Set P4.2 to TB0.2 

 } 

 else if (pid1_i.Out > 0) 

 { 

  Rotation1 = 1; 

  // Set B to low 

  P4SEL &= ~BIT2; // Set P4.2 to GPIO 

  P4OUT &= ~BIT2; // Ground P4.2 

  CCRValue = pid1_i.Out * PWM_PERIOD; 

  TB0CCR1 = CCRValue; 

  P4SEL |= BIT1; // Set P4.1 to TB0.1 

 } 

 else 

 { 

  Rotation1 = -1; 

  // Ground both 

  P4SEL &= ~(BIT1 | BIT2); 

  P4OUT &= ~(BIT1 | BIT2); 

  CCRValue = 0; 

 } 

  

 // Set Motor 2 

 // P4.3 is C, P4.5 is D 

 if (pid2_i.Out < 0) 

 { 

  Rotation2 = 0; 

  // Set C to low 
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  P4SEL &= ~BIT3; // Set P4.1 to GPIO 

  P4OUT &= ~BIT3; // Ground P4.1 

  CCRValue = -(pid2_i.Out * PWM_PERIOD); 

  TB0CCR5 = CCRValue; 

  P4SEL |= BIT5; // Set P4.2 to TB0.2 

 } 

 else if (pid2_i.Out > 0) 

 { 

  Rotation2 = 1; 

  // Set D to low 

  P4SEL &= ~BIT5; // Set P4.2 to GPIO 

  P4OUT &= ~BIT5; // Ground P4.2 

  CCRValue = pid2_i.Out * PWM_PERIOD; 

  TB0CCR3 = CCRValue; 

  P4SEL |= BIT3; // Set P4.1 to TB0.1 

 } 

 else 

 { 

  Rotation2 = -1; 

  // Ground both 

  P4SEL &= ~(BIT3 | BIT5); 

  P4OUT &= ~(BIT3 | BIT5); 

  CCRValue = 0; 

 } 

  

 // PWMDAC outputs IFdbk1, IFdbk2 

 // PWMDAC1 is TA1.1, PWMDAC2 is TA1.2 

 // Both go from -1 to 1 

 // Normalize 

 TA1CCR1 = ((IFdbk1 + 1)/2)*PWM_PERIOD; 

 TA1CCR2 = ((IFdbk2 + 1)/2)*PWM_PERIOD; 

 

#endif // BUILDLEVEL == LEVEL4 

 

// Drive the motor based on POT value 

#if (BUILDLEVEL == LEVEL5) 

 

 // Connect inputs of RMP_CNTL module and call ramp control macro 

 rc1.TargetValue = (ADCResultPot*2.0/4095.0)-1;//Set voltage based on 

pot position. Normalized from -1 to 1 

 RC_MACRO(rc1) 

  

 // Get ADC results (normalize from (0 to 4095) to -1 to 1 

 if (Motor == 1) 

 { 

  IFdbk1b = (ADCResultIFdbk1b*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk1a*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

 } 

 else if (Motor == 2) 

 { 

  IFdbk1b = (ADCResultIFdbk2d*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk2c*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

 } 

  

 // Set rotation and pins based on rc1 
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 if (Motor == 1) 

 { 

  // P4.1 is A, P4.2 is B 

  if (rc1.SetpointValue < 0) 

  { 

   Rotation1 = 0; 

   // Set A to low 

   P4SEL &= ~BIT1; // Set P4.1 to GPIO 

   P4OUT &= ~BIT1; // Ground P4.1 

   CCRValue = (-rc1.SetpointValue * PWM_PERIOD); 

   TB0CCR2 = CCRValue; 

   P4SEL |= BIT2; // Set P4.2 to TB0.2 

  } 

  else if (rc1.SetpointValue > 0) 

  { 

   Rotation1 = 1; 

   // Set B to low 

   P4SEL &= ~BIT2; // Set P4.2 to GPIO 

   P4OUT &= ~BIT2; // Ground P4.2 

   CCRValue = rc1.SetpointValue * PWM_PERIOD; 

   TB0CCR1 = CCRValue; 

   P4SEL |= BIT1; // Set P4.1 to TB0.1 

  } 

  else 

  { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT1 | BIT2); 

   P4OUT &= ~(BIT1 | BIT2); 

   CCRValue = 0; 

  } 

 } 

 else if (Motor == 2) 

 { 

  // Set rotation and pins based on rc1 

  // P4.3 is C, P4.5 is D 

  if (rc1.SetpointValue < 0) 

  { 

   Rotation1 = 0; 

   // Set C to low 

   P4SEL &= ~BIT3; // Set P4.1 to GPIO 

   P4OUT &= ~BIT3; // Ground P4.1 

   CCRValue = (-rc1.SetpointValue * PWM_PERIOD); 

   TB0CCR5 = CCRValue; 

   P4SEL |= BIT5; // Set P4.2 to TB0.2 

  } 

  else if (rc1.SetpointValue > 0) 

  { 

   Rotation1 = 1; 

   // Set D to low 

   P4SEL &= ~BIT5; // Set P4.2 to GPIO 

   P4OUT &= ~BIT5; // Ground P4.2 

   CCRValue = rc1.SetpointValue * PWM_PERIOD; 

   TB0CCR3 = CCRValue; 

   P4SEL |= BIT3; // Set P4.1 to TB0.1 

  } 

  else 
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  { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT3 | BIT5); 

   P4OUT &= ~(BIT3 | BIT5); 

   CCRValue = 0; 

  } 

 } 

  

 // PWMDAC outputs rc1.SetpointValue, IFdbk1 

 // PWMDAC1 is TA1.1, PWMDAC2 is TA1.2 

 // Both go from -1 to 1 

 // Normalize 

 TA1CCR1 = ((rc1.SetpointValue + 1)/2)*PWM_PERIOD; 

 TA1CCR2 = ((IFdbk1 + 1)/2)*PWM_PERIOD; 

 

#endif // BUILDLEVEL == LEVEL5 

 

// Drive the motor (as in LEVEL3) based on POT value 

#if (BUILDLEVEL == LEVEL6) 

 

 // Connect inputs of RMP_CNTL module and call ramp control macro 

 rc1.TargetValue = (ADCResultPot*2.0/4095.0)-1; 

 RC_MACRO(rc1) 

  

 // Get ADC results (normalize from (0 to 4095) to -1 to 1 

 if (Motor == 1) 

 { 

  IFdbk1b = (ADCResultIFdbk1b*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk1a*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

 } 

 else if (Motor == 2) 

 { 

  IFdbk1b = (ADCResultIFdbk2d*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk2c*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

 } 

  

 // Connect PID_REG3 object 

 pid1_i.Ref = rc1.TargetValue; 

 pid1_i.Fdb = IFdbk1; 

 PID_MACRO(pid1_i); 

  

 // Set rotation and pins based on pid1_i 

 if (Motor == 1) 

 { 

  // P4.1 is A, P4.2 is B 

  if (pid1_i.Out < 0) 

  { 

   Rotation1 = 0; 

   // Set A to low 

   P4SEL &= ~BIT1; // Set P4.1 to GPIO 

   P4OUT &= ~BIT1; // Ground P4.1 

   CCRValue = -(pid1_i.Out * PWM_PERIOD); 

   TB0CCR2 = CCRValue; 

   P4SEL |= BIT2; // Set P4.2 to TB0.2 
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  } 

  else if (pid1_i.Out > 0) 

  { 

   Rotation1 = 1; 

   // Set B to low 

   P4SEL &= ~BIT2; // Set P4.2 to GPIO 

   P4OUT &= ~BIT2; // Ground P4.2 

   CCRValue = pid1_i.Out * PWM_PERIOD; 

   TB0CCR1 = CCRValue; 

   P4SEL |= BIT1; // Set P4.1 to TB0.1 

  } 

  else 

  { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT1 | BIT2); 

   P4OUT &= ~(BIT1 | BIT2); 

   CCRValue = 0; 

  } 

 } 

 else if (Motor == 2) 

 { 

  // P4.3 is C, P4.5 is D 

  if (pid1_i.Out < 0) 

  { 

   Rotation1 = 0; 

   // Set C to low 

   P4SEL &= ~BIT3; // Set P4.1 to GPIO 

   P4OUT &= ~BIT3; // Ground P4.1 

   CCRValue = -(pid1_i.Out * PWM_PERIOD); 

   TB0CCR5 = CCRValue; 

   P4SEL |= BIT5; // Set P4.2 to TB0.2 

  } 

  else if (pid1_i.Out > 0) 

  { 

   Rotation1 = 1; 

   // Set D to low 

   P4SEL &= ~BIT5; // Set P4.2 to GPIO 

   P4OUT &= ~BIT5; // Ground P4.2 

   CCRValue = pid1_i.Out * PWM_PERIOD; 

   TB0CCR3 = CCRValue; 

   P4SEL |= BIT3; // Set P4.1 to TB0.1 

  } 

  else 

  { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT3 | BIT5); 

   P4OUT &= ~(BIT3 | BIT5); 

   CCRValue = 0; 

  } 

 } 

  

 // PWMDAC outputs rc1.SetpointValue, IFdbk1 

 // PWMDAC1 is TA1.1, PWMDAC2 is TA1.2 

 // Both go from -1 to 1 

 // Normalize 
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 TA1CCR1 = ((rc1.SetpointValue + 1)/2)*PWM_PERIOD; 

 TA1CCR2 = ((IFdbk1 + 1)/2)*PWM_PERIOD; 

 

#endif // BUILDLEVEL == LEVEL6 

 

} 
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MSP-EXP430F5438 – Stepper Motor Code – main.c 

// Coded by: Roy Dong 

 

#include "msp430.h" 

 

#include "rmp_cntl_MSP430.h" 

#include "pidreg3_MSP430.h" 

#include "rampgen_MSP430.h" 

#include "sin_cos_table_MSP430.h" 

 

#include "Stepper_MSP430.h" 

 

interrupt void ADC12ISR(void); 

interrupt void MainISR(void); 

 

// State machine function prototypes 

void A0(void); 

void B0(void); 

void C0(void); 

 

void A1(void); 

void A2(void); 

void A3(void); 

 

void B1(void); 

void B2(void); 

void B3(void); 

 

void C1(void); 

void C2(void); 

void C3(void); 

 

void (*Alpha_State_Ptr)(void); // Base states pointer 

void (*A_Task_Ptr)(void); // State pointer A branch 

void (*B_Task_Ptr)(void); // State pointer B branch 

void (*C_Task_Ptr)(void); // State pointer C branch 

 

unsigned int A_count = 0; // counts how many Ax states execute 

unsigned int B_count = 0; // counts how many Bx states execute 

 

unsigned int VTimer0; 

unsigned int VTimer1; 

unsigned int VTimer2; 

 

double SpeedRef = 0.25; 

double VRef = 0.25; // Motor voltage reference (pu) 

double IRef = 0.25; // Motor current reference (pu) 

 

unsigned int ADCResultPot; 

unsigned int ADCResultIFdbk1a; 

unsigned int ADCResultIFdbk1b; 

unsigned int ADCResultIFdbk2c; 

unsigned int ADCResultIFdbk2d; 

 

double IFdbk1; // Motor 1 current feedback (pu) 
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double IFdbk1a; // Phase 1 current feedback (pu) 

double IFdbk1b; // Phase 1 current feedback (pu) 

 

double IFdbk2; // Motor 2 current feedback (pu) 

double IFdbk2c; // Phase 2 current feedback (pu) 

double IFdbk2d; // Phase 2 current feedback (pu) 

 

int Rotation1 = 1; // Motor 1 PWM direction 

int Rotation2 = 1; // Motor 2 PWM direction 

 

int IsrTicker = 0; 

int BackTicker = 0; 

 

int CCRValue = 0; 

 

volatile int EnableFlag = 1; 

 

float T = 0.001/ISR_FREQUENCY; // Sampling period (sec) 

 

PIDREG3 pid1_i = PIDREG3_DEFAULTS; 

PIDREG3 pid2_i = PIDREG3_DEFAULTS; 

 

RMPCNTL rc1 = RMPCNTL_DEFAULTS; 

 

RAMPGEN rg1 = RAMPGEN_DEFAULTS; 

 

SINCOSTBL st1 = SINCOSTBL_DEFAULTS; 

 

void main(void) 

{ 

  

 // Use WDT to trigger MainISR interrupt 

// WDTCTL = WDT_MDLY_0_064; // WDT 0.064ms, SMCLK, interval timer  

 WDTCTL = WDT_MDLY_0_5; // WDT 0.5ms, SMCLK, interval timer  

// WDTCTL = WDT_MDLY_32; 

 SFRIE1 |= WDTIE;   // Enable WDT interrupt 

  

 while (EnableFlag == 0) 

 { 

  ++BackTicker; 

 } 

  

 // Tasks State-machine init 

 Alpha_State_Ptr = &A0; 

 A_Task_Ptr = &A1; 

 B_Task_Ptr = &B1; 

 C_Task_Ptr = &C1; 

  

 // Initialize the PID module for I 

 pid1_i.Kp = 2.0; // for 12V DC bus 

 pid1_i.Ki = T*128.1; 

 pid1_i.Kd = 0; 

 pid1_i.Kc = 0.006; 

 pid1_i.OutMax = 0.95; 

 pid1_i.OutMin = -0.95; 

  

 pid2_i.Kp = 2.0; // for 12V DC bus 
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 pid2_i.Ki = T*128.1; 

 pid2_i.Kd = 0; 

 pid2_i.Kc = 0.006; 

 pid2_i.OutMax = 0.95; 

 pid2_i.OutMin = -0.95; 

  

 // Initialize ramp control 

 rg1.StepAngleMax = BASE_FREQ*T; 

  

 // Initialize SINTBL 

 //512 is max resolution of of table 

 st1.AngleShift = 1 << MICROSTEPS; // 2 ^ MICROSTEPS 

 

 // Set up timer A0 to count 

 TA0CTL = TASSEL_2 | MC_2 | TACLR; // SMCLK, continuous up mode, clear 

 TA0CCR1 = 1050;  // 1 ms 

  

 // Set up timer A1 and B0 

 TA1CCR0 = PWM_PERIOD-1; 

 TB0CCR0 = PWM_PERIOD-1; 

  

 TA1CCTL1 = OUTMOD_7;  // CCR1 reset/set 

 TA1CCTL2 = OUTMOD_7; 

 TB0CCTL1 = OUTMOD_7; 

 TB0CCTL2 = OUTMOD_7; 

 TB0CCTL3 = OUTMOD_7; 

 TB0CCTL5 = OUTMOD_7; 

  

 TA1CTL = TASSEL_2 | MC_1; // SMCLK, up mode 

 TB0CTL = TBSSEL_2 | MC_1; 

  

 P4DIR |= (BIT1 | BIT2 | BIT3 | BIT5); // Set P4.1,2,3,5 to output 

 P1DIR |= (BIT0 | BIT1); // Set P1.0,1 to output 

 P7DIR |= BIT3; // Set 7.3 to output (TA1.2) 

 P8DIR |= BIT6; // Set 8.6 to output (TA1.1) 

 P7SEL |= BIT3; // Set to timer 

 P8SEL |= BIT6; 

 P6DIR &= ~(BIT7); // Set P6.7 to input, A7 

 P7DIR &= ~(BIT4 | BIT5 | BIT6 | BIT7); // A12 to A15 

 P6SEL |= BIT7; // Set all to second mode, AX 

 P7SEL |= (BIT4 | BIT5 | BIT6 | BIT7); 

  

 ADC12CTL0 = ADC12SHT0_8 | ADC12ON | ADC12MSC; // Sampling time, ADC12 

on, multiple samples 

 ADC12CTL1 = ADC12SHP | ADC12CONSEQ_3;  // Use sampling timer, 

repeated-sequence mode 

  

 ADC12MCTL0 = ADC12INCH_7;   // ref+=AVcc, channel = A7 

 ADC12MCTL1 = ADC12INCH_12;   // ref+=AVcc, channel = A12 

 ADC12MCTL2 = ADC12INCH_13;   // ref+=AVcc, channel = A13 

 ADC12MCTL3 = ADC12INCH_14;   // ref+=AVcc, channel = A14 

 ADC12MCTL4 = ADC12INCH_15|ADC12EOS; // ref+=AVcc, channel = A15, end 

seq. 

 ADC12IE = ADC12IE4;   // Enable ADC12IFG4 

 ADC12CTL0 |= ADC12ENC;      // Enable 

conversion 

 ADC12CTL0 |= ADC12SC;      // Start 
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 __bis_SR_register(GIE); // enable interrupts 

  

 for (;;) 

 { 

  // MSP-EXP430F5438 has a clock speed too slow to allow for this 

  //(*Alpha_State_Ptr)(); // jump to an alpha state (A0, B0, ...) 

 } 

  

} 

 

// Framework 

void A0(void) 

{ 

 // if 1 ms has passed 

 if (TA0CCTL1 & TAIFG) 

 { 

  ++A_count; 

  TA0CCTL1 &= ~(TAIFG); // clear interrupt 

  TA0R = 0; 

  (*A_Task_Ptr)(); // jump to A task (A1,A2,...) 

  ++VTimer0; 

 } 

 Alpha_State_Ptr = &B0; // Comment to only allow A state tasks 

} 

 

void B0(void) 

{ 

 // if 5 ms has passed 

 if (A_count >= 5) 

 { 

  A_count = 0; 

  ++B_count; 

  (*B_Task_Ptr)(); 

  ++VTimer1; 

 } 

 Alpha_State_Ptr = &C0; // allow C state tasks 

} 

 

void C0(void) 

{ 

 // if 50 ms has passed 

 if (B_count >= 10) 

 { 

  B_count = 0; 

  (*C_Task_Ptr)(); 

  ++VTimer2; 

 } 

 Alpha_State_Ptr = &A0; 

} 

 

// A-tasks (1 ms) 

void A1(void) 

{ 

 A_Task_Ptr = &A2; 

} 

void A2(void) 
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{ 

 A_Task_Ptr = &A3; 

} 

void A3(void) 

{ 

 A_Task_Ptr = &A1; 

} 

 

// B-tasks (5 ms) 

void B1(void) 

{ 

 B_Task_Ptr = &B2; 

} 

void B2(void) 

{ 

 B_Task_Ptr = &B3; 

} 

void B3(void) 

{ 

 B_Task_Ptr = &B1; 

} 

 

// C-tasks (50 ms) 

void C1(void) 

{ 

 // Blink LED1 

 P1OUT ^= BIT0; 

 C_Task_Ptr = &C2; 

} 

void C2(void) 

{ 

 C_Task_Ptr = &C3; 

} 

void C3(void) 

{ 

 C_Task_Ptr = &C1; 

} 

 

// Store ADC values 

#pragma vector=ADC12_VECTOR 

interrupt void ADC12ISR (void) 

{ 

 // When A15 finishes converting 

 if (ADC12IFG4) 

 { 

  ADCResultPot = ADC12MEM0;//P5.1 

  ADCResultIFdbk1a = ADC12MEM1;//P7.4 

  ADCResultIFdbk1b = ADC12MEM2;//P7.5 

  ADCResultIFdbk2c = ADC12MEM3;//P7.6 

  ADCResultIFdbk2d = ADC12MEM4;//P7.7 

 } 

} 

 

// Trigger interrupts from WDT, every 60.23us (19.9kHz) 

#pragma vector = WDT_VECTOR 

interrupt void MainISR(void) 

{ 
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 // Verifying the ISR 

 ++IsrTicker; 

 

// SpeedRef not currently used, rc1 not used 

#if (BUILDLEVEL == LEVEL1) 

 

 // Connect inputs of RMP_CNTL module and call ramp control macro 

 rc1.TargetValue = SpeedRef; 

 RC_MACRO(rc1) 

  

 // Connect inputs of RAMPGEN module and call the ramp generator macro 

 rg1.Freq = rc1.SetpointValue; 

 RG_MACRO(rg1) 

  

 // Connect inputs of the SINCOSTBL module and call the sine table macro 

 st1.Angle = (int)rg1.Out; 

 SINCOSTBL_MACRO(st1) 

  

 // st1.CosOut is Aout 

 if (st1.CosOut < 0) 

 { 

  Rotation1 = 0; 

   // Set A to low 

   P4SEL &= ~BIT1; // Set P4.1 to GPIO 

   P4OUT &= ~BIT1; // Ground P4.1 

   TB0CCR2 = -st1.CosOut; 

   P4SEL |= BIT2; // Set P4.2 to TB0.2 

 } 

 else if (st1.CosOut > 0) 

 { 

  Rotation1 = 1; 

   // Set B to low 

   P4SEL &= ~BIT2; // Set P4.2 to GPIO 

   P4OUT &= ~BIT2; // Ground P4.2 

   TB0CCR1 = st1.CosOut; 

   P4SEL |= BIT1; // Set P4.1 to TB0.1 

 } 

 else 

 { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT1 | BIT2); 

   P4OUT &= ~(BIT1 | BIT2); 

 } 

  

 // st1.SinOut is Bout 

 if (st1.SinOut < 0) 

 { 

   Rotation2 = 0; 

   // Set C to low 

   P4SEL &= ~BIT3; // Set P4.1 to GPIO 

   P4OUT &= ~BIT3; // Ground P4.1 

   TB0CCR5 = -st1.SinOut; 

   P4SEL |= BIT5; // Set P4.2 to TB0.2 

 } 

 else if (st1.SinOut > 0) 

 { 
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   Rotation2 = 1; 

   // Set D to low 

   P4SEL &= ~BIT5; // Set P4.2 to GPIO 

   P4OUT &= ~BIT5; // Ground P4.2 

   TB0CCR3 = st1.SinOut; 

   P4SEL |= BIT3; // Set P4.1 to TB0.1 

   

 } 

 else 

 { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT3 | BIT5); 

   P4OUT &= ~(BIT3 | BIT5); 

 } 

  

 // PWMDAC outputs 

 // PWMDAC1 is TA1.1, PWMDAC2 is TA1.2 

 // Both go from -100 to 100 

 // Normalize 

 TA1CCR1 = (st1.CosOut+100)/200; 

 TA1CCR2 = (st1.SinOut+100)/200; 

 

#endif // BUILDLEVEL == LEVEL1 

 

// SpeedRef not currently used, rc1 not used 

#if (BUILDLEVEL == LEVEL2) 

 

 // Connect inputs of RMP_CNTL module and call ramp control macro 

 rc1.TargetValue = SpeedRef; 

 RC_MACRO(rc1) 

  

 // Connect inputs of RAMPGEN module and call the ramp generator macro 

 rg1.Freq = rc1.SetpointValue; 

 RG_MACRO(rg1) 

  

 // Connect inputs of the SINCOSTBL module and call the sine table macro 

 st1.Angle = (int)rg1.Out; 

 SINCOSTBL_MACRO(st1) 

  

 // Get ADC results (normalize from (0 to 4095) to -1 to 1 

  IFdbk1b = (ADCResultIFdbk1b*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk1a*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

   

  IFdbk1b = (ADCResultIFdbk2d*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk2c*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

  

 // st1.CosOut is Aout 

 if (st1.CosOut < 0) 

 { 

  Rotation1 = 0; 

   // Set A to low 

   P4SEL &= ~BIT1; // Set P4.1 to GPIO 

   P4OUT &= ~BIT1; // Ground P4.1 

   TB0CCR2 = -st1.CosOut; 
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   P4SEL |= BIT2; // Set P4.2 to TB0.2 

 } 

 else if (st1.CosOut > 0) 

 { 

  Rotation1 = 1; 

   // Set B to low 

   P4SEL &= ~BIT2; // Set P4.2 to GPIO 

   P4OUT &= ~BIT2; // Ground P4.2 

   TB0CCR1 = st1.CosOut; 

   P4SEL |= BIT1; // Set P4.1 to TB0.1 

 } 

 else 

 { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT1 | BIT2); 

   P4OUT &= ~(BIT1 | BIT2); 

 } 

  

 // st1.SinOut is Bout 

 if (st1.SinOut < 0) 

 { 

   Rotation2 = 0; 

   // Set C to low 

   P4SEL &= ~BIT3; // Set P4.1 to GPIO 

   P4OUT &= ~BIT3; // Ground P4.1 

   TB0CCR5 = -st1.SinOut; 

   P4SEL |= BIT5; // Set P4.2 to TB0.2 

 } 

 else if (st1.SinOut > 0) 

 { 

   Rotation2 = 1; 

   // Set D to low 

   P4SEL &= ~BIT5; // Set P4.2 to GPIO 

   P4OUT &= ~BIT5; // Ground P4.2 

   TB0CCR3 = st1.SinOut; 

   P4SEL |= BIT3; // Set P4.1 to TB0.1 

   

 } 

 else 

 { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT3 | BIT5); 

   P4OUT &= ~(BIT3 | BIT5); 

 } 

  

 // PWMDAC outputs IFdbk1, IFdbk2 

 // PWMDAC1 is TA1.1, PWMDAC2 is TA1.2 

 // Both go from -1 to 1 

 // Normalize 

 TA1CCR1 = ((IFdbk1 + 1)/2)*PWM_PERIOD; 

 TA1CCR2 = ((IFdbk2 + 1)/2)*PWM_PERIOD; 

 

#endif // BUILDLEVEL == LEVEL2 

 

// PID (incomplete) 
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#if (BUILDLEVEL == LEVEL3) 

 

 // Connect inputs of RMP_CNTL module and call ramp control macro 

 rc1.TargetValue = SpeedRef; 

 RC_MACRO(rc1) 

  

 // Connect inputs of RAMPGEN module and call the ramp generator macro 

 rg1.Freq = rc1.SetpointValue; 

 RG_MACRO(rg1) 

  

 // Connect inputs of the SINCOSTBL module and call the sine table macro 

 st1.Angle = (int)rg1.Out; 

 SINCOSTBL_MACRO(st1) 

  

 // Get ADC results (normalize from (0 to 4095) to -1 to 1 

  IFdbk1b = (ADCResultIFdbk1b*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk1a*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

   

  IFdbk1b = (ADCResultIFdbk2d*2.0/4095.0)-1; 

  IFdbk1a = (ADCResultIFdbk2c*2.0/4095.0)-1; 

  IFdbk1 = IFdbk1a - IFdbk1b; 

  

 // st1.CosOut is Aout 

 if (st1.CosOut < 0) 

 { 

  Rotation1 = 0; 

   // Set A to low 

   P4SEL &= ~BIT1; // Set P4.1 to GPIO 

   P4OUT &= ~BIT1; // Ground P4.1 

   TB0CCR2 = -st1.CosOut; 

   P4SEL |= BIT2; // Set P4.2 to TB0.2 

 } 

 else if (st1.CosOut > 0) 

 { 

  Rotation1 = 1; 

   // Set B to low 

   P4SEL &= ~BIT2; // Set P4.2 to GPIO 

   P4OUT &= ~BIT2; // Ground P4.2 

   TB0CCR1 = st1.CosOut; 

   P4SEL |= BIT1; // Set P4.1 to TB0.1 

 } 

 else 

 { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT1 | BIT2); 

   P4OUT &= ~(BIT1 | BIT2); 

 } 

  

 // st1.SinOut is Bout 

 if (st1.SinOut < 0) 

 { 

   Rotation2 = 0; 

   // Set C to low 

   P4SEL &= ~BIT3; // Set P4.1 to GPIO 

   P4OUT &= ~BIT3; // Ground P4.1 
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   TB0CCR5 = -st1.SinOut; 

   P4SEL |= BIT5; // Set P4.2 to TB0.2 

 } 

 else if (st1.SinOut > 0) 

 { 

   Rotation2 = 1; 

   // Set D to low 

   P4SEL &= ~BIT5; // Set P4.2 to GPIO 

   P4OUT &= ~BIT5; // Ground P4.2 

   TB0CCR3 = st1.SinOut; 

   P4SEL |= BIT3; // Set P4.1 to TB0.1 

   

 } 

 else 

 { 

   Rotation1 = -1; 

   // Ground both 

   P4SEL &= ~(BIT3 | BIT5); 

   P4OUT &= ~(BIT3 | BIT5); 

 } 

  

 // PWMDAC outputs IFdbk1, IFdbk2 

 // PWMDAC1 is TA1.1, PWMDAC2 is TA1.2 

 // Both go from -1 to 1 

 // Normalize 

 TA1CCR1 = ((IFdbk1 + 1)/2)*PWM_PERIOD; 

 TA1CCR2 = ((IFdbk2 + 1)/2)*PWM_PERIOD; 

 

#endif // BUILDLEVEL == LEVEL3 

 

} 
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MSP430 – Motor Code – Supplementary – rmp_cntl.h  

// Coded by: Andrew Kleeves, Roy Dong 

 

#ifndef RMP_CNTL_MSP430_H_ 

#define RMP_CNTL_MSP430_H_ 

 

#define RMP_CNTL_RESOLUTION .00390625 

// the equivalent of 0.0000305 in IQ15 

 

typedef struct { double TargetValue; // Input: Target input (pu) 

   int RampDelayMax; // Parameter: Maximum delay rate   

   double RampLowLimit; // Parameter: Minimum limit (pu)    

   double RampHighLimit; // Parameter: Maximum limit (pu) 

   int RampDelayCount; // Variable: Incremental delay  

   double SetpointValue; // Output: Target output (pu)    

   int EqualFlag; // Output: Flag output (1 if equal) 

   } RMPCNTL; 

 

//typedef RMPCNTL *RMPCNTL_handle; 

 

// Default initializer for RMPCNTL 

#define RMPCNTL_DEFAULTS { 0, 1, -1, 1, 0, 0, 1 } 

 

// RC_MACRO definition 

double rc_tmp; 

#define RC_MACRO(v)         \ 

 rc_tmp = v.TargetValue - v.SetpointValue;  \ 

 if (rc_tmp < 0) rc_tmp *= -1;     \ 

 if (rc_tmp > RMP_CNTL_RESOLUTION)    \ 

 {           

 \ 

  v.EqualFlag = 0;       \ 

  v.RampDelayCount += 1;      \ 

  if (v.RampDelayCount >= v.RampDelayMax) \ 

  {          

 \ 

   v.RampDelayCount = 0;     \ 

   if (v.TargetValue >= v.SetpointValue)  \ 

   {          

 \ 

    v.SetpointValue += RMP_CNTL_RESOLUTION; \ 

    if (v.SetpointValue > v.RampHighLimit) \ 

     v.SetpointValue = v.RampHighLimit; \ 

   }          

 \ 

   else         

 \ 

   {          

 \ 

    v.SetpointValue -= RMP_CNTL_RESOLUTION; \ 

    if (v.SetpointValue < v.RampLowLimit) \ 

     v.SetpointValue = v.RampLowLimit; \ 

   }          

 \ 
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  }          

 \ 

 }           

 \ 

 else v.EqualFlag = 1; 

 

#endif /*RMP_CNTL_MSP430_H_*/ 
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MSP430 – Motor Code – Supplementary – pidreg3.h  

// Coded by: Roy Dong 

 

#ifndef PIDREG3_MSP430_H_ 

#define PIDREG3_MSP430_H_ 

 

typedef struct { double Ref;  // Input: Reference input 

   double Fdb;  // Input: Feedback input 

   double Err;  // Variable: Error 

   double Kp;  // Parameter: Proportional gain 

   double Up;  // Variable: Proportional output 

   double Ui;  // Variable: Integral output 

   double Ud;  // Variable: Derivative output  

   double OutPreSat;  // Variable: Pre-saturated output 

   double OutMax;  // Parameter: Maximum output 

   double OutMin;  // Parameter: Minimum output 

   double Out;  // Output: PID output 

   double SatErr;  // Variable: Saturated difference 

   double Ki;  // Parameter: Integral gain 

   double Kc;  // Parameter: Integral correction gain 

   double Kd;  // Parameter: Derivative gain 

   double Up1;  // History: Previous proportional output 

   } PIDREG3;   

 

//typedef PIDREG3 *PIDREG3_handle; 

 

// Default initializer for PIDREG3 

#define PIDREG3_DEFAULTS { 0, 0, 0, 1.3, 0, 0, 0, 0, 1, -1, 0, 0, 0.02, 0.5, 

1.05, 0 } 

 

// PID_MACRO definition 

#define PID_MACRO(v)          

   \ 

 v.Err = v.Ref - v.Fdb; /* Compute the error */     

 \ 

 v.Up = v.Kp * v.Err; /* Compute Up */      

 \ 

 v.Ui = v.Ui + v.Ki*v.Up + v.Kc*v.SatErr; /* Compute Ui */  \ 

 v.OutPreSat = v.Up + v.Ui; /* Compute pre-saturated output */ 

 \ 

 if (v.OutPreSat > v.OutMax) /* Saturate output */    

 \ 

 {            

     \ 

  v.Out = v.OutMax;         

   \ 

 }            

     \ 

 else if (v.OutPreSat < v.OutMin)       

  \ 

 {            

     \ 

  v.Out = v.OutMin;         

   \ 
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 }            

     \ 

 else            

    \ 

 {            

     \ 

  v.Out = v.OutPreSat;        

   \ 

 }            

     \ 

 v.SatErr = v.Out - v.OutPreSat; /* Compute saturate difference */

 \ 

 v.Up1 = v.Up; 

 

// Add the lines below if derivative output is needed following the integral 

update 

// v.Ud = v.Kd * (v.Up - v.Up1); 

// v.OutPreSat = v.Up + v.Ui + v.Ud; 

 

#endif /*PIDREG3_MSP430_H_*/ 
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MSP430 – Motor Code – Supplementary – rampgen.h  

// Coded by: Roy Dong 

 

#ifndef RAMPGEN_MSP430_H_ 

#define RAMPGEN_MSP430_H_ 

 

typedef struct { double Freq;   // Input: Ramp frequency (pu)   

     double StepAngleMax; // Parameter: Maximum step angle 

(pu)   

      double Angle;  // Variable: Step angle (pu)  

     

    double Gain;   // Input: Ramp gain (pu) 

    double Out;    // Output: Ramp signal (pu)   

    double Offset;  // Input: Ramp offset (pu)   

    

      } RAMPGEN; 

       

#define RAMPGEN_DEFAULTS {0, 0, 0, 1, 0, 1} 

 

// Ramp (sawtooth) generator macro 

#define RG_MACRO(v)        \ 

            

 \ 

/* Compute the angle rate */      \ 

 v.Angle += v.StepAngleMax*v.Freq;    \ 

            

 \ 

/* Saturate the angle rate within (-1,1) */   \ 

 if (v.Angle>1.0)        \ 

  v.Angle -= 1.0;        \ 

 else if (v.Angle<-1.0)       \ 

 v.Angle += 1.0;         \ 

            

 \ 

/* Compute the ramp output */      \ 

 v.Out = v.Angle*v.Gain + v.Offset;    \ 

/* Saturate the ramp output within (-1,1) */  \ 

 if (v.Out>1.0)         \ 

  v.Out -= 1.0;        \ 

 else if (v.Out<-1.0)       \ 

  v.Out += 1.0; 

 

#endif /*RAMPGEN_MSP430_H_*/ 

 

  



93 

 

MSP430 – Motor Code – Supplementary – sin_cos_table.h 

// Coded by: Roy Dong 

 

#ifndef SIN_COS_TABLE_MSP430_H_ 

#define SIN_COS_TABLE_MSP430_H_ 

 

#include "SineTable_MSP430.h" 

 

typedef struct { 

  unsigned int AngleShift; // Input: scale angle to modulo 512 

(length of table)  

 int Angle;  // Input: angle (just count) 

 int SinOut;   // Output: Sin (GLOBAL_Q)  

 int CosOut;   // Output: Cos (GLOBAL_Q) 

 } SINCOSTBL ; 

 

#define SINCOSTBL_DEFAULTS { 0,0,0,0 } 

 

extern int SineTable[]; 

extern int CosineTable[]; 

 

unsigned int Angle; 

 

// Sine and Cosine lookup table 

#define SINCOSTBL_MACRO(st)         

     \ 

             

       \ 

 /* amount to increment by */        

    \ 

 Angle = (st.Angle % st.AngleShift) * (512/st.AngleShift);   

  \ 

             

       \ 

 /* grab sin output from table */       

    \ 

 st.SinOut = SineTable[Angle];        

    \ 

             

       \ 

 /* grab cos output from table */       

    \ 

 if ((Angle + 128) < 512)        

     \ 

 {            

       \ 

  st.CosOut = SineTable[Angle + 128];      

    \ 

 }            

       \ 

 else            

      \ 

 {            

       \ 



94 

 

  st.CosOut = SineTable[Angle + 128 - 512];     

   \ 

 }            

       \ 

 

#endif /*SIN_COS_TABLE_MSP430_H_*/ 

 


