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ABSTRACT 
This report describes the process of developing a motor controller for the Suaineadh 

satellite project. The problem has been worked on before but has never been finished. 

Several months was committed to completing this project and trying to make it work 

within the frames of the Suaineadh experiment. The project was changed several times 

due to specification alterations. In the end it was changed into a demonstration of some 

various functions needed in the final design. The reason for this was that there wasn’t 

enough time; other things had to take priority. Many things could have been handled 

better and this report tries to argue how whilst describing the process. 

There were many bumps and bruises and the project was changed many times. In the 

end the result of the project was a demonstration of some of the vital functions needed. 

These functions are respectively; reading data from a sensor using an I2C interface and 

controlling the rotation of a motor. Tests were also performed in order to assess and 

ensure the functionality and stability of the components. 
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INTRODUCTION 
It is common knowledge that when a drill is starting it exerts a torque on the hand holds 

it. This effect stems from the fact that every action has an equal and opposite reaction. 

When one rotates the drill bit in one direction the drill itself will be rotated in the 

opposite direction. This phenomenon is especially useful in space when one needs to 

rotate an object around its own axis. Since using thrusters easily gives a displacement in 

position and can be very complicated it can be easier for smaller crafts to use motors to 

achieve rotation.  

This project was introduced mainly for the reason of reducing the workload for some of 

the master students currently working on the Suaineadh satellite project. The goal of the 

satellite as a whole is to record data from an attempt to deploy a space-web.  

The goal was to make sure that the satellite had a working motor controller for a 

reaction wheel that will add rotational inertia so the space-web could unfold correctly. A 

control algorithm had already been developed and some hardware had also been 

created. However since the creation of the hardware there had been changes to the 

specifications and the hardware had to be reevaluated. There was already software in 

place but it only demonstrated parts of the hardware and a real control program was 

needed. 

Much of the initial difficulty was to figure out what was required for the project in order 

to setup a project plan. Later difficulties involved having to adapt to changing 

specifications. Some of the problems will be addressed in the report.  
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PLANNING 
The initial planning was optimistic relative to the difficulties and had to be changed 

many times during the course of the project. In the end the project got stretched so 

much that it had to be abandoned because of interference with other work. In retrospect 

the project should have been finalized much sooner and the problems should have been 

passed on.  

DELAYS 
The first delay was due to the gyro having to be replaced. This was not 

predicted in the initial timetable. This delay was however minor and most 

of the time went to finding and learning about the new sensor.  

Most of the delay follows from the programming aspect of the project. 

There were weeks of delays due to unknown problems with the 

microcontroller. They were as far could be seen mainly compiler related 

and many problems disappeared when switching to the Microchip C18 

compiler.  

Also some of the delays originate from specification changes mostly from 

redesigning the circuit board.  

Because of the many delays even though the project had a high priority, it 

lost focus due to other assignments that had to be dealt with. 
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METHODS 

REQUIREMENTS 
All requirements listed below must be satisfied. 

 

*Block diagram of requirements. 
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CHANGES 
The dimensions changed a few times first from 9x9.6 cm to 10x5 cm and 

later to the PC-104 standard. Environmental and software specifications 

have however been unchanged throughout the experiment.  

 

*Block diagram of requirement changes. 
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COMPONENTS 
 This is a list of all components used in the final board. 

 PIC processor (18F13K50) is the core of the controller.  

 9DOF breakout-board with an accelerometer (ADXL345) and a gyro 

(ITG-3200). 

 Faulhaber (SC2402P) brushless motor controller. 

 5 red LEDs with built in resistors (driven with 5V). 

 One 12, 3.9k and a 22Ohm resistor. 

 2 DSUB9 female connectors. 

 Two transistors BC54B. 

The following is a list of the components used in the sensor test. 

 PIC processor (18F13K50). 

 9DOF breakout-board with an accelerometer (ADXL345) and a gyro 

(ITG-3200). 

The following is a list of components used in the motor test. 

 Faulhaber 2232 012 BX4 brushless motor with HAL sensors. 

 Faulhaber SC2402P brushless motor controller. 

 PIC processor (18F13K50). 
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INITIAL CONCERNS 

MOTOR IN GENERATOR MODE  
During the flight the rocket will most likely start spinning at 4 Hz. 

This raises a concern that must be tested if it is likely that the 

motor controller will survive since it can act as a generator. This is 

however easy to test since the motor can simply be rotated at 240 

RPM and the effects can be directly measured. 

NOT CAPABLE OF REACHING CORRECT 

ROTATION 
The reaction wheel only has a few seconds to reach the correct 

angular velocity of a few RPM. It should use as low current as 

possible and still be able to accelerate the reaction wheel to the 

correct speed within the given time. It must be determined if it’s 

possible for it to accelerate to the desired velocity within the 

timeframe with the given resources. 

BOARD WILL SURVIVE VACUUM 
The previous board had a large capacitor and there was concern 

that similar components would not survive vacuum conditions. 

There is also besides the difference in pressure a big difference in 

thermal conductance from air to vacuum. This must be considered 

when designing the circuit that the thermal dissipation mainly is 

through the board. It is however difficult to determine if 

components will survive the pressure part of vacuum exposure. 

One can guess and assume but nothing is really know until it’s put 

in a vacuum chamber. 
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RESULTS AND DISCUSSION 
It was suspected that the gyro was damaged and that a new one had to be acquired. The 

hope was that the gyros breakout board was the reason for the malfunction, this had to 

be determined. This was easy to determine since the gyro had a test function and is 

analog. One only had to connect it and measure to see if the analog outputs provided the 

correct potential.  

There was also some initial concern that the motor could burn out the controller. This 

was also easy to test. The motor was rotated at high velocity and the voltage was 

measured on the controller and it was within operational parameters. 

The controller will most likely survive vacuum both the pressure difference and the loss 

of heat flow. Even though it’s very likely that it will survive the board should still be 

tested under vacuum conditions and in its operation configuration. There is a possibility 

that the other components that are near will heat and affect the controller so that it 

exceeds its operational specifications. This is not something that can be determined 

without knowing the final configuration. 
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REQUIREMENTS 
All requirements were achieved during the project. However they project 

was changed as previously mentioned into a demonstration project. Even 

though every part is upheld and software modules worked individually 

putting it all together proved to be too difficult within the time constraints. 

 

*Block diagram of requirements that were completed. 

TEST BOARD 
This was a test board that was created before the gyro had been replaced. 

Its purpose was to connect some parts of the components and to let most of 

the relevant connections be able to be added later with external connectors 

for easy experimentation. It can be seen in use in the motor test section but 

it holds no real function other than to make connection between 

components easier. 
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*Board layout exported from Eagle.  
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FIRST DESIGN 
This board was created as a final design but was changed when the project 

required a PC-104 layout. During this process the microcontroller was 

replaced in order to make it easier to interface with I2C. Many tests were 

performed on this board when it still was thought to be the final one. The 

first versions of the board found a few human errors like short circuits and 

wrong connections but they were fixed in a later version.  

 

*Board layout exported from Eagle. 
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FINAL DESIGN 
The final design of the board was made according to the PC-104 standard. 

The board was changed many times before arriving at this design. The first 

version had a SMD PIC and no capacitors. This was changed to a DIP-20 and 

capacitors where added. All connections have been tested and no errors in 

the design seem to be present. Note however that the sensor in this version 

should be placed with the components facing down on the top side of the 

board. This was to avoid short circuit with ground.  

 

*Board layout exported from Eagle. 
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The circuit and board layout were both designed in Eagle and are available 

as an appendix to this report. The board’s dimension follows the PC-104 

standard. Most of the connections just go directly between components and 

the connectors. However this is not possible with the sensor since it has to 

have a 3.3 V supply. The 5 V input is converted to 3.3 with a voltage divider 

and the IO voltage levels are converted using transistors. 

 

*Controller board schematic 
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CONNECTIONS 
There are two female DSUB-9 and a female 6 pin PIC connector. One of the 

DSUB:s supplies the controller with power and has both input and output 

pins for data. The second DSUB is to be directly connected to the motor. 

PIC  CONNECTOR  

The pic connector is a standard 6 pin connector for programming and 

supplying current to the pic and gyro. Supplying current can also be done 

through the main DSUB connector. 
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DSUB-MOTOR 

The motor contact connects the Faulhaber board with the motor as follows; 

1. VCC 

2. SGND 

3. MOTA 

4. MOTB 

5. MOTC 

6. SENSC 

7. SENSB 

8. SENSA 

*See the Faulhaber datasheet in order to know what the pins do. 
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DSUB-MAIN 

The main DSUB as shown in the board as the lower one is to be connected 

as follows; 

1. Ground 

2. +5V input 

3. UART input (transmit to controller) 

4. UART output (receive from controller) 

5. LO2 

6. PSS 

7. RWS 

8. SDA 

9. +12V input 
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TESTING 

GENERATOR MODE  
As previously written there were some initial concerns that the 

controller would not survive when the reaction wheel is spinning 

and the motor acts as a generator. It was confirmed that it will 

survive since it’s in fact a very poor generator. The reaction wheel 

was accelerated to 3400 ± 50 RPM and the maximum voltage 

generated on the input was 5 ± 1 V. Since the controller is capable 

of handling up to 12 V and it’s not going to spin with such a high 

speed it is reasonable to assume that it will survive the rotation of 

the rocket.  

Also the Faulhaber board showed no signs of overheating being in 

this mode. Because of this test however a diode was added to the 

Faulhaber controller to protect the power supply from being 

charged by the controller. 
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TESTING THE SENSOR  
It is essential to test and calibrate sensors before using them to 

ensure that they’re providing reliable data. If they weren’t they 

would literally be useless. For the accelerometer this is easy since it 

can be tested against the earth’s gravitation whilst remaining 

stationary. The gyro however should really be rotated for this with 

a known rotation in order to get the calibration value. 

 

*9DOF sensor board. 

 

  



Degree Project IT161X  
Degree Programme in Microelectronics 
Niklas Hansen, nhansen@kth.se 

Report 
2012-05-11 
 

 

22 
 

SENSOR  

The sensor as previously mentioned is the 9DOF and includes a 

compass, gyro and accelerometer. It’s driven with 3.3V and uses 

I2C for communication.  

The gyro uses 16 bits 2-complement values to represent rotation 

on every axis and it has a ± 2000 °/s measurement range. When 

measuring around zero rotation it has an initial tolerance of 40 °/s. 

Otherwise its sensitivity is 14 °/s ± 6 % for all axis. This means that 

for every bit the total rotation is ± 14 °/s ± 6 %. The gyro does not 

need to be initialized and is addressed by the I2C address 0xD0. 

There are a few parameters one can change but none that needs to 

be set before normal operation. 

Gyro Index Description 
0x1D X MSB 
0x1E X LSB 
0x1F Y MSB 
0x20 Y LSB 
0x21 Z MSB 
0x22 Z LSB 

 

The accelerometer has by default a measurement range of ± 2 g and 

gives values as 10 bits 2-complement. It has a sensitivity of about 4 

mg ± 15 % which depends on which accelerometer it is. This is the 

accelerometers scale factor meaning that one bit represents ± 4mg. 

It’s addressed by 0xA6 and it has a zero tolerance of about ± 40 mg. 

This sensor needs to be initialized otherwise it’s in a sorts of sleep 

mode. But to put it measure mode one only needs to set the 0x2D 

register to 0b00001000.  

Accelerometer Index Description 

0x2D Power-saving control 
0x32 X axis LSB 
0x33 X axis MSB 
0x34 Y axis LSB 
0x35 Y axis MSB 
0x36 Z axis LSB 
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0x37 Z axis MSB 
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PIC  I2C 

The PIC18F13K50 can work as an I2C master device and it’s 

implemented in its hardware. The benefit of this is that changing 

clock for example is easy and it’s possible to do use the 

microcontroller for other tasks whilst the I2C module is 

transmitting. It’s a simple procedure to setup for I2C 

communication. The outputs SDA and SCL on the microcontroller 

must be set as inputs and on a 16 MHz program clock SSPADD 

should be 9 in decimal in order to give a 400 kHz I2C clock. Setting 

SSPCON1 to 0b00101000 enables the module and sets it to master 

mode. Setting SSPADD and SSPCON should be enough to setup I2C. 

After this is done one has to set flags in SSPCON2 to high depending 

on what you want the module to do. Setting the SEN bit to high 

enables sends an I2C start signal and sends the content of SSPBUF. 

One needs to reset SSPBUF between each transmission. Normally 

in I2C one sends an address then a control registers then a stop and 

start signal and the address again and only after that you write or 

read a byte. But this is differs much depending on the device that 

you’re interfacing with. Lookup the I2C interface specifications and 

look in the PIC18F13K50 and sensor datasheets if you want to have 

more information on this. 
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TEST SETUP  

The test setup consists of the sensor and a PIC microcontroller. In 

this case it was an 18F13K50 PIC. The test setup is very simple as 

can be seen in the schematic below. The PIC and sensor are both 

connected to a 3.3V power supply and ground of course. Then the 

I2C lines data and clock are connected between the PIC and sensor. 

The gyro data is stored internally in the PICs EEPROM to make it 

easy to use this setup on a rotating platform. The accelerometer 

however can be tested while the test setup is stationary and the 

data is therefore read through UART with the PIC2 programmer. 

See the PIC2 programmer’s manual for instructions how to connect 

it to the PIC when in UART mode. Pull-up resistors are needed for 

I2C communication but they are not necessary in this setup since 

the sensor includes them. 

 

*Test setup schematic. 
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I2C  INTERFACE  

I2C interface is easy to test since one can simply check the quality 

of the transmission in oscilloscope as seen below. However it’s not 

required since one knows it’s working when identifier bytes can be 

read from the devices. 

 

*I2C interface test. 
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GYRO  

To test the gyro one has to rotate the sensor with a known rotation 

whilst measuring to ensure that the sensor is providing the correct 

values.  

The setup was place on a record player and a program was 

constructed to store the total rotation in the microcontroller 

EEPROM every three seconds. This is done by adding all three axis 

in the gyro and the reason for this is because the gyro wasn’t 

mounted entirely horizontally. This is however a beneficial setup 

because one can test more than one axis at a time. A wrong value in 

the added vector means that at least one axis isn’t working 

properly. 

 

*Measurement setup. 

 

*Close up of measurement setup. 
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*Measuring rotation on a record player. 

The results from the experiment were extracted using the PIC2 

programmer from the EEPROM of the microcontroller and they are 

show below. 

 

*Measuring a null rotation, hexadecimal values. 

The values 0x0D0A are only separators between the data and hold 

no significance. This first measurement was taken with no rotation 

and since the value is in 16 bit 2-complement form the decimal 

value is 144. This cannot be directly converted to decimal from 

hexadecimal because its MSB is high which indicates a negative 

value. One has to do the following conversion which gives 0x90 and 

this can be directly converted to decimal. 

 0 70 0 1 0 90xFF xFFFF x    

 

*Measurement taken from record player. 

The second measurement was taken on a record player rotation 

with the speed 200 °/s (33.33 RPM). In this case the value taken 

was in decimal form 2900. Since it was rotated at 200 °/s the 
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calibration value for the gyro should be 14.5 LSB/°/s. This is the 

scale factor and it’s the maximum resolution meaning that every bit 

has ± 14.5 °/s. Using the same method with the first measurement 

one gets 9.93 °/s but this is a valid measurement at zero rotation 

since the gyro has a zero tolerance of ± 40 °/s. Most gyros and 

accelerometers have such an offset that it cannot determine zero 

with a high accuracy. It should be noted that this is an initial offset 

and should not be added to higher values. 
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ACCELEROMETER  

The accelerometer does not need to have any special circumstances 

to be calibrated. Adding all axis whilst the sensor didn’t move gave 

the following output.  

 

*UART data received from PIC displayed in hexadecimal. 

Since the accelerometer provides 10 bit 2-complement data this 

value are 291 in decimal. It can be directly converted from 

hexadecimal to decimal because the MSB isn’t high. The 0x0DA0 is 

only there to separate the data. This means that since this is they 

total acceleration given by the gyro while it’s stationary this is the 

calibration value that gives 1 g. The calibration value for the 

accelerometer is therefore 3.44 mg/LSB which is just the inverse of 

291. This is the scale factor of the gyro meaning that every bit 

represents ±3.44 mg. Note that this will change depending on 

where you are in the world since it isn’t exactly the same 

gravitation everywhere in the world. 
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EVALUATION  

The experiment showed that the gyro and accelerometer on the 

sensor board 9DOF are most likely working and the calibration 

values are also calculated. There are a few things that should be 

considered however. These measurements took the total 

acceleration and rotation because it’s easy to test since the angle of 

the board has to be known if one wants to test all the axis 

individually. However this might be a good idea if one want’s to test 

the gyro extensively. Otherwise assuming all three axis are 

identical using this method is valid if one does not need to have 

extremely good values. If this had been the case one really should 

have calibrated for temperature drift separately on ever axis. 
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SOURCE CODE  

The source code used for the sensor testing is included below. It 

was compiled with Microchips C18 compiler for the PIC18F13K50 

microcontroller. 

 

#include <p18f13k50.h> 

 

#define true 1 

#define false 0 

 

void uart_init() 

{ 

// With 16 MHz this configuration gives 9600 baud 

SPBRGH = 0; 

SPBRG = 25;  

 

// Initializes send and receive and will 

automatically configure ports 

 

    BAUDCON = 0b01000000; 

    TXSTA = 0b00100010; 

     RCSTA = 0b10010000; 

} 

 

void uart_putc(char c) // Transmits a byte 

{ 

while(PIR1bits.TXIF == 0); 

TXREG = c; 

} 

 

char uart_getc() // Waits for one byte 

{ 

while(PIR1bits.RCIF == 0); 

return RCREG; 

} 

 

void wait() // Wait function for I2C 

{ 
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 while(PIR1bits.SSPIF == 0); 

  PIR1bits.SSPIF = 0; 

} 

 

void init_i2c() 

{ 

 SSPADD = 9; // Gives 400k on 16MHz 

 

 // Initialising I2C 

 SSPSTAT = 0x00; 

 SSPCON1 = 0b00101000; 

 SSPCON2 = 0b10000000; 

} 

 

char i2c_read(char address, char index) 

{ 

         char data; 

 

 SSPCON2bits.SEN = 1; 

 wait(); 

 

 SSPBUF = address; 

 wait(); 

 

 SSPBUF = index; 

 wait(); 

 

 SSPCON2bits.RSEN = 1; 

 wait(); 

 

 SSPBUF = address + 1; 

 wait(); 

 

 SSPCON2bits.RCEN = 1; 

 wait(); 

 

 data = SSPBUF; 

 

 SSPCON2bits.PEN = 1; 

 wait(); 
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 return data; 

} 

 

 

void i2c_write(char address, char index, char data) 

{ 

 SSPCON2bits.SEN = 1; 

 wait(); 

 

 SSPBUF = address; 

 wait(); 

 

 SSPBUF = index; 

 wait(); 

 

 SSPBUF = data; 

 wait(); 

 

 SSPCON2bits.PEN = 1; 

 wait(); 

} 

 

 

void eeprom_write(char address, char data) // Writes one 

byte to EEPROM 

{ 

    EEADR = address; 

    EEDATA = data; 

 

    EECON1bits.EEPGD = 0; // EEPROM select 

    EECON1bits.CFGS = 0; // EEPROM select 

    EECON1bits.WREN = 1; // Enable flag 

 

    // Required for writing 

    EECON2=0x55; 

    EECON2=0xaa; 

 

    EECON1bits.WR = 1; // Start writing 
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    Nop(); 

 

    while(PIR2bits.EEIF == 0) // Wait for completion 

    { 

        Nop(); 

    } 

 

    EECON1bits.WREN = 0; // Disable EEPROM write 

    PIR2bits.EEIF = 0; // Clear write flag 

} 

 

void main() 

{ 

    // Sensor address 

    char gyroadd = 0b11010000; 

    char accadd = 0xa6; 

 

    unsigned int trot; // Total rotation 

    unsigned int tmove; // Total acceleration 

    // Temp variables 

    unsigned int temp; 

    char c, count = 0; 

 

    OSCCON = 0b01110110; // Gives 16MHz clock 

 

    TRISB = 0b01110000; 

 

    ANSEL = 0x00; 

    ANSELH = 0x00; 

 

    uart_init(); 

    init_i2c(); 

 

 

    // Initializes the accelerometer in measure mode 

    i2c_write(0xa6,0x2d,0b00001000); 

 

    while(true) 

    { 

        // Reads the gyro data and stores in temp 
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        c = i2c_read(gyroadd,0x1d); // MSB x-axis 

        temp = c; 

        temp *= 256; 

        c = i2c_read(gyroadd,0x1e); // LSB 

        temp += c; 

 

        trot = temp; 

 

        // Y-axis 

        c = i2c_read(gyroadd,0x1f); 

        temp = c; 

        temp *= 256; 

        c = i2c_read(gyroadd,0x20); 

        temp += c; 

 

        // Add all the rotations together to get the 

total rotation 

        trot += temp; 

 

        // Z-axis 

        c = i2c_read(gyroadd,0x21); 

        temp = c; 

        temp *= 256; 

        c = i2c_read(gyroadd,0x22); 

        temp += c; 

        trot += temp; 

 

        // Stores the total rotation in EEPROM 

        eeprom_write(count, (char)trot/256); 

        eeprom_write(count+1, (char)trot); 

        // To see the data better 

        eeprom_write(count+2, 0x0d); 

        eeprom_write(count+3, 0x0a); 

        count += 4; 

 

 

        // Read accelerometer data and store in temp 

        c = i2c_read(accadd,0x33); // MSB x-axis 

        temp = c; 

        temp *= 256; 
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        c = i2c_read(accadd,0x32); // LSB 

        temp += c; 

 

        tmove = temp; 

 

        // The same for y-axis 

        c = i2c_read(accadd,0x35); 

        temp = c; 

        temp *= 256; 

        c = i2c_read(accadd,0x34); 

        temp += c; 

 

        // Adding upp all vectors to get the total 

acceleration 

        tmove += temp; 

 

        // The same for z-axis 

        c = i2c_read(accadd,0x37); 

        temp = c; 

        temp *= 256; 

        c = i2c_read(accadd,0x36); 

        temp += c; 

 

        tmove += temp; 

 

        // Sends the total acceleration with UART MSB 

first 

        uart_putc((char)(tmove/256)); 

        uart_putc((char)tmove); 

        // To see the data better 

        uart_putc(0x0d); 

        uart_putc(0x0a); 

 

        // At 16MHz will give roughly 3s delay between 

data acquisition 

        Delay10KTCYx(200); 

        Delay10KTCYx(200); 

        Delay10KTCYx(200); 

        Delay10KTCYx(200); 

        Delay10KTCYx(200); 
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    } 

} 

 

  



Degree Project IT161X  
Degree Programme in Microelectronics 
Niklas Hansen, nhansen@kth.se 

Report 
2012-05-11 
 

 

39 
 

DRIVING THE MOTOR 
Another vital function that was constructed is the driving of the 

motor. The motor was a Faulhaber 2232 012 BX4 and the motor 

controller was a Faulhaber SC2402P. In this section it will be 

shown how the motor can be driven and how its speed can be 

measured. 

MOTOR CONTROLLER  

The motor controller is very simple since it only needs a 12 V input, 

ground and a max 5 V DC or PWM speed control input. It also has a 

5 V pin which controls the rotation direction and an output pin 

which gives 6 pulses every revolution. But this is motor specific.  

 

*Motor controller. 
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SETUP  

The setup in this example was simple as can be seen in the 

schematic below. In this case the PIC was driven with 5V which is 

not its standard operation voltage. This was done because the 

Faulhaber controller takes a 5V PWM input for speed control. The 

PIC can withstand this voltage so there is no problem. Please note 

however that it’s not standard operation. 

 

*Schematic of test setup. 

In this case since the motor direction is irrelevant the direction pin 

does not need to be connected but it’s included because of its 

importance. Please see the datasheet for the Faulhaber controller 

in order to see the details of operation and how it should be 

connected to the motor. 
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*Motor part of the test. 

 

*Another image the motor and controller. 
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TEST  

The reaction wheel was allowed to rotate while the speed was 

measured with the PIC. It was measured once with the wheel 

rotating horizontally and once when it was on its side. The latter 

case has less friction that’s why its acceleration profile is more 

aggressive.  

 

*Speed vs. time for the reaction wheel. 

 

*UART data received from PIC displayed in hexadecimal. 

The PIC was used to measure the rotation of the reaction wheel in 

this test. The data was separated with 0x0DFF so this value has no 

worth. Every bit of the value represents approximately 16 ms of 

time. So in the case of 0x000A the time between pulses from the 

Faulhaber controller was 16*10=160 ms. Since the motors HAL 

sensors give of 6 pulses per rotation this value has to be multiplied 

by 6 and inverted in order to get the rotation in Hz. In the case of 

160 ms the rotation is equal to 1 Hz.  
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PWM 

 

*Measured PWM signal. 

The PWM signal is easy to test and it’s more than sufficient for 

giving an analog speed signal to the Faulhaber controller. The error 

was measured to a maximum of 2 % between the set value and the 

measured value in terms of duty cycle. 
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EVALUATION  

This test was done in order to see if it is possible to drive the motor 

using a PWM signal from the PIC, and at the same time use the 

pulses given by the Faulhaber controller to calculate the motors 

speed. Using this setup it’s possible to control the motor and make 

sure that it has the correct rotational velocity. 
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SOURCE CODE  

The source code that was used for the motor testing is included 

below. It was compiled with Microchips C18 compiler for the 

PIC18F13K50 microcontroller. 

 

#include <p18f13k50.h> 

#include <delays.h> 

 

#define true    1 

#define false   0 

 

char            msb; // Counters for time 

char            lsb; 

 

void uart_init() 

{ 

// With 16 MHz this configuration gives 9600 baud 

SPBRGH = 0; 

SPBRG = 25;  

 

// Initializes send and receive and will 

automatically configure ports 

 

    BAUDCON = 0b01000000; 

    TXSTA = 0b00100010; 

RCSTA = 0b10010000; 

} 

 

void uart_putc(char c) 

{ 

    while(PIR1bits.TXIF == 0); 

     TXREG = c; 

} 
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void init_pwm() 

{ 

    T2CON = 0b01111101; // Timer2 sets PWM freq 

    CCP1CON = 0b00001100; // Setup PWM on PORTC pin 5 

    CCPR1L = 0; // This is the PWM duty 

} 

 

void setduty(char pwm) // Sets PWM duty 

{ 

    CCPR1L = pwm; 

} 

 

void main() 

{ 

OSCCON = 0b01110110; // Sets the internal oscillator 

to 16Mhz 

WDTCONbits.SWDTEN = 0; // Disables WDT only works if 

WDT is on in config 

 

    ANSEL = 0x00; // Disable analog inputs 

    ANSELH = 0x00; 

 

    TRISC = 0x01; // Sets RC0 as input rest output 

    TRISB = 0b01110000; // Important is TX pin out 

 

    uart_init(); 

 

 

    RCONbits.IPEN = 1; // Priority int enable 
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    INTCONbits.GIEH = 1; // High priority int enable 

    INTCONbits.GIEL = 0;  

 

    INTCONbits.INT0IE = 1; // External pin interrupt on 

    INTCONbits.INT0IF = 0; 

 

    IPR1bits.TMR1IP = 1; // Timer1 high priority int 

    PIR1bits.TMR1IF = 0; 

    PIE1bits.TMR1IE = 1; // Timer1 int on 

T1CON = 0b00001001; // Setups timer1 to interrupt as 

many times as possible 

 

    init_pwm(); 

 

     

    lsb = 0; 

    msb = 0; 

     

    while(true) 

    { 

        setduty(127); 

        Delay1KTCYx(1); 

    } 

} 

 

 

void int_high() 

{ 

    if(PIE1bits.TMR1IE && PIR1bits.TMR1IF) 

    { 
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        lsb += 1; 

 

        if(STATUSbits.C) 

        { 

            msb += 1; 

        } 

 

        PIR1bits.TMR1IF = 0; 

    } 

 

    if(INTCONbits.INT0IE && INTCONbits.INT0IF) 

    { 

        uart_putc(0x0d); // Sends time between pulses 

        uart_putc(0xff); 

        uart_putc(msb);  

        uart_putc(lsb); 

 

        msb = 0; 

        lsb = 0; 

        TMR1L = 0; // Reset timer 

 

        INTCONbits.INT0IF = 0; 

    } 

 

    INTCONbits.GIEH = 1; // Re-enable interrupt 

} 

 

 

#pragma code high_vetor=0x8 
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void interrupt_at_high_vector(void) 

{ 

    int_high(); 

} 

#pragma code 
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PROBLEMS 
There have been many problems in this project and they are mostly related to 

programming the PIC processor. The I2C interface proved the most challenging problem 

and the solution was most likely the changing of compiler. Even though the interface on 

PIC16 and PIC18 is very sensitive and hard to program when it was solved it worked 

extremely well. 

Many of the functions were written and developed in separate programs. In the end they 

all needed to be implemented in the final program and that created a number of 

different problems. Mostly they were interrupt problems and they were solved by 

minimizing and moving between high priority and low priority interrupt.  

There was also the problem with the first gyro. It was determined that it was not a 

problem with the breakout board and that the sensor itself was broken. This is however 

not something that is easily fixed and a new sensor had to be acquired. This created new 

problems but it was never the new sensors fault.  
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ENVIRONMENTAL AND ELECTRICAL 

SPECIFICATIONS 
The final board and all its components should be able to survive temperatures from -40o 

C to 80o C which is in accordance with the specifications. It should survive vacuum 

conditions but it is recommended that it’s tested before use. There is an electrolytic 

capacitor on the Faulhaber board but it should survive low pressure since it’s small. 

Even if it malfunctions it seems to just be there for current stabilization and should not 

jeopardize the controllers operation. 

The circuit should under normal circumstances not draw more than 30 W. The motors 

maximum effect during testing was about 24 W but these kinds of motors only draw 

much during start and significantly less during normal operation. However the speed 

which the motor will be driven on is quite low and it might strain the motor somewhat 

so that it will operate on around 20 W constantly. The circuit has been designed to 

operate with this kind of current during the entire experiment in vacuum and should not 

overheat. 

The circuit is not very sensitive, neither the 12 V line nor the 5 V. The voltage can vary a 

lot before the circuit becomes unstable. The minimum voltage on the 5 V line should be 

2.6 to ensure that the processor can give logic high to the Faulhaber board in order to 

control the motors rotational direction. 

The 12 V line should not go below 10 V and 20 W since the motor may not have enough 

power to rotate in certain situations. 
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SOFTWARE 
The software is uncompleted due to lack of time. Most of the functions and algorithms 

are written. The current situation is that there are some IO problems. For example the 

PWM output becomes floating when the UART is transmitting.  

The final program it not a part of this report. Like previously stated due to lack of time 

the bugs that arose from incorporation of all the different parts have not been solved 

and the parts are presented and explained separately. Much of the code that was used 

has been removed and it has been converted into demo modules in order to make the 

code less cluttered. This will hopefully make it easier for the next developer to make 

sense of the code.  

The demo codes demonstrate the following functions. I2C, UART and PWM are hardware 

driven and it’s therefore easy to change baud-rate etc. 

 UART used to interface with test setups. 

 I2C used for reading data from sensor. 

 Reading motor speed using timers and interrupts. 

 PWM used for driving the motor. 
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FORESEEABLE PROBLEMS 
All components and wires in the latest board were designed to tolerate temperatures 

within the accepted specification. However surrounding hardware can easily heat the 

board in an undesired manner if it’s mounted with other high current modules. This may 

result in components overheating and or wires being cut. This should be considered it 

the board is used in other projects. 

Another thing that can cause serious problems is EM-interference. Even if this board 

tolerates a great deal of interference other boards may be affected by the relatively high 

current going through the board to the motor. Since it’s a brushless 3-phase motor that 

is driven by pulses it should produce considerable EM-interference. It’s however not 

been a part of this project to determine the frequency and the flux produced so it’s not 

known. 
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ERROR ANALYSIS 
Errors in this report were calculated using a standard deviation of 5 % on a normal 

distribution curve. In some cases when the measurement was taken from oscilloscopes 

the error is given as the absolute maximum value which could have been misread. The 

errors of the oscilloscopes are insignificant when dealing which such high voltages in 

comparison. 

In most cases however the error didn’t have to be calculated since it was provided by 

manufacturers in the component datasheet. No real effort has been put forth to 

determine if such deviations are correct and they’re assumed to be true. 
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CONCLUSION 
There is much that can be learned from this project but the main thing should be to have 

specifications set in stone, which should be true for every project. It’s never good to 

meddle with the goals when the project has started. One should also not be afraid to 

change approach when thinks are not progressing. Far too much time was spent on 

making I2C interface operational. One should have considered early to perhaps replace 

the sensor to an analog model similar to the first one since this reading had been 

attempted successfully. 

Hopefully this project is will be useful and it has been written in such a way that the 

demo modules can be easily understood and reproduced for other applications. Source 

code has been included and should be useful for people working with PIC18 processors. 
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APPENDIX 

INITIAL GANT CHART 

 


