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Figure 6.3: Rotation about the Z-axis, Counterclockwise
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Figure 6.4: Rotation about the Z-axis, Clockwise

53



6.2. RESULTS

0 5 10 15 20 25 30
0

1

2

3

4
Angular Speed

Time (seconds)

A
ng

ul
ar

 S
pe

ed
 (

ra
d/

se
c)

 

 
Detumbling On
Detumbling Off

0 5 10 15 20 25 30
−10

−5

0

5

10
Magnetic Field (Detumbling On)

Time (seconds)

F
ie

ld
 S

tr
en

gt
h 

(G
au

ss
)

 

 
x−axis
y−axis
z−axis

0 5 10 15 20 25 30
−3000

−2000

−1000

0

1000

2000

3000
Magnetoquer Output (Detumbling On)

Time (seconds)

O
ut

pu
t (

S
of

tw
ar

e 
In

te
ge

r)

 

 
x−coil
y−coil
z−coil

Figure 6.5: Rotation about the X-axis
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Figure 6.6: Rotation about all axes
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Chapter 7

Discussion

7.1 ADCS Module

The ADCS module was designed in the semester project, but some changes were made

during this thesis. The H-bridges was replaced by a large type that was easier to solder,

and the size of the module itself was changed a bit. The PCB board was manufactured

in China while the soldering took place in laboratory of the Department of Electronics

and Telecommunications. Once it was finished, the different hardware components had

to be tested. At first, all the main components worked except the magnetometer. A

lot of time was spent troubleshooting this component, both in software and with an

oscilloscope. After several days of work, it seemed that the only possible explanation

was bad soldering, even though it had been re-soldered twice already. Luckily, it worked

after the third time, and the module was working properly. There are two reasons for

why this was problematic. First of all, the magnetometer is very tiny and difficult to

work with. Second, the solder mask that is supposed to prevent solder from floating

between the pads was not present due to a design fault. If this were to be fixed for

the next revision it might be less problematic to do the soldering properly, but it is

difficult to know for sure. An alternative is to buy an evaluation board that can be

soldered directly to the ADCS module (see figure 7.1).

The sun sensor works, and the output from each photodiode can be measured by

the microcontroller’s Analog-to-Digital converter. However, the signal gain is much

lower than expected. It is obvious that the gain resistors selected in section 3.2 had

too low resistance, but it is not so clear why. Either the calculations are wrong, or

the test circuit was somehow unlike the final design. Although another op-amp was
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7.1. ADCS MODULE

Figure 7.1: HMC5983 Evaluation Kit

used for testing, they should work by the same principles. The issue can be resolved

by changing the six gain resistors.

The H-bridges that control the magnetorquers works as expected. They can support

a current over 8 times higher than the coils draw. They are therefore expected to stay

quite cool during normal operation in space. A fault status pin will go high in case

an error should occur. It is connected to the microcontroller but has not been tested

because it is difficult to provoke an error without the risk of damaging hardware. There

is also an input pin that control sleep mode. It is hard to say how useful this function

is. If there is a significant difference in power consumption between sleep mode and idle

it might come in handy. However, the system becomes more complex and less error

prone with this option compared to heaving the input pin connected to VCC, thus

forcing the H-bridge from going to sleep mode. Some data on the current consumption

should be acquired before a decision is made. In the current design, the sleep mode

pin is connected to a pin on the microcontroller.

The ADCS module works well enough as a prototype because all the crucial com-

ponents related to control and estimation functions. It does however not quality as

a candidate for flight hardware. The I2C interface that is supposed to be present in

the backplane connector has been left out by a design fault. It can be quick-fixed by

soldering a few wires directly to the module, but this it is generally not considered a

practice. Another issue is the connector type used for both the magnetorquer and the

photodiodes. Header connectors can easily disconnect during launch because of me-
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chanical stress. Therefor a more secure connector type must be selected for the flight

hardware.

The following list sum up issues related to the current ADCS module design.

• Use evaluation board for the magnetometer instead of soldering it directly.

• Change resistors in the sun sensor circuits for higher sensitivity.

• Make a decision whether or not it should be an option to set the H-bridges in

sleep mode.

• The I2C interface on the backplane must be connected to the microcontroller.

• The header connectors for the sun sensor and the magnetorquers must be changed

to space rated connectors.

7.2 Prototype and Flight Hardware Comparison

The construction of this ADCS prototype was done for several reasons. The most

obvious one was that it would make it possible to test the performance of estimation

and control algorithms. Now that it is finished, it is clear that it can serve this purpose.

The next reason was to get some hands-on experience before building the final flight

hardware because practical problems and issues can be difficult to foresee.

The flight hardware will share a number of similarities with the prototype. The

ADCS module will not be altered much, except for the changes listed in the previous

section. The specifications of the magnetorquers will stay the same, but the thickness of

the surrounding frames will be reduced from 3 mm to 0.5 mm. They will be attached

outside the carbon frame and not directly to the inner structure. Both the inner

structure and the magnetorquer frames will be CNC milled instead of being 3D-printed

in order to avoid outgassing from the material.

Small PCBs with a photodiode is attached to every side of the prototype. NUTS

will not have an identical setup. It is known that solar panels, and the circuits boards

they are attached to, will cover five of the six sides. The photodiodes does not take

much space and can be soldered onto the same circuit boards. It does not matter

where they are physically placed on the board. The only thing that matters is that

the x, y and z pairs are perpendicular to each other, just as they are on the prototype.

The sixth photodiode must be placed on the camera side. It is not yet decided how,
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but the same approach used for the prototype might be feasible. An issue regarding

this side of the satellite is the four ”legs” that extend from each corner that can cast

shadows over the photodiode. The ”legs” can be seen in the bottom of figure 1.1 in

chapter 1. It remains to evaluate the disadvantages of these shadows and if they can be

reduced by placing the photodiode intelligently. NUTS will carry a lot more electronics

aside from the ADCS. It is uncertain how it will influence the system, especially the

analog sensors. This is something that is difficult to test with the prototype. The

magnetometer is very sensitive to electromagnetic noise and can be affected by the two

radios or by high currents running through wires. However, interferences can go both

ways. The magnetorquers can interfere with the radios through electromagnetic noise

or through the electrical power system. These issues should be considered and tested

in the final NUTS assembly.

7.3 Test Platform

The prototype, the Helmholtz coil and a computer running LabView makes up the Test

Platform. It proved to work quite well when the B-dot control algorithm was tested.

Still, there are a few issues that must be resolved before it can do more advanced tests,

like EQUEST [23] and Non-linear Control [5]. The main problem is how the prototype

is mounted in the Helmholtz Coil. The magnetic bearing does not run freely under

the heavy weight and ”wants” to rotate to certain angles. Previously when the EiT

students created the Helmholtz Coil [3] they used a radial ball bearing. It worked

okay for them, but it does not make much sense to use radial when an axial bearing

would be much better suited. It seems natural to try and an axial ball bearing for this

setup. Another problem with the mounting is the thread. No matter how good the

bearing is, there will always be a tiny bit of friction that causes the thread to wind

up. The effect of this can be seen in figure 6.5 where the prototype start spinning

opposite direction after it has stopped. The thread also causes a lot of wobbling that

can be seen throughout the entire detumbling test. This is why it should be removed

by extending the metal rod further.
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CHAPTER 7. DISCUSSION

7.4 B-dot Detumbling Test

The tests clearly shows that the detumbling works in all scenarios. In figure 6.3 and

6.4 the rotation stops over twice as fast, 8 seconds with detumbling enabled and 20

seconds with friction alone. In the two other scenarios, it took longer time to stop,

but this is most likely because the moment of inertia is higher when the prototype is

tilted. The fact that it took longer time for it to stop without detumbling strengthens

this claim.

It is important to note that the times-scale of these experiments are shorter than

the time-scale will be of the actual detumbling. There are three reasons for this. The

first two are related to the angular acceleration that the magnetorquers can create. The

prototype has a lower moment of inertia, thus becoming easier to rotate. In addition,

the magnetic field induced by the Helmholtz Coil is much larger than the Earth’s

magnetic field, resulting in a higher torque created by the magnetorquers. From the

experiments, the average strength was found to be 6.3 Tesla. In comparison the field

strength in a 650 km polar orbit varies from 0.2 to 0.5 Tesla [6]. Let’s assume the

prototype is 5 times lighter than NUTS. Then the magnetorquers would be 60 to 160

times less efficient in a polar orbit. The final reason is that the Test Platform can

only simulate what happens when the rotating axis is perpendicular to the magnetic

field. This scenario is very unlikely to happen when NUTS is initially ejected from

launch vehicle. Because the torque is given by the cross product between the magnetic

moment and the magnetic field vector, it is impossible to stop spin about the magnetic

field vector with a set of magnetorquers. As the satellite move along its trajectory the

magnetic field will change, and eventually the B-dot controller will manage to stop the

all rotation. This is why it can take several orbital periods to complete the detumbling.

Despite the good performance, there is one issue regarding the results. A wobbling

with a certain frequency is present in several experiments, and is most prominent in

figure 6.3. At first glance, it seems to have a constant amplitude. After a closer look, it

seems to decay at a fairly slow rate. The disturbance can also be seen in the magnetic

measurements from the experiments where the detumbling was turned off. For that

reason, it is fair to assume that the wobbling is not related to the controller. It is

never visible in the axis of rotation, which indicates that it propagates through the

mounting. The whole setup is very shaky and can easily start to resonate when forces

are applied. It is worth mentioning that the magnitude was so small that is was not
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noticed during the experiments.
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Chapter 8

Conclusion

The goal of this thesis was to make a working Attitude Determination and Control

System prototype, and to test some of its capabilities. As a continuation of the semester

project [22], the thesis stared with the manufacturing of the ADCS Module. Some

problems with the magnetometer was encountered along the way, but in the end, the

module was working. In section 7.1 a few modifications were suggested for a future

design in order to a flight ready module. As for the Sun Sensors, something must have

gone wrong when selecting the gain resistors because the output was not nearly as

sensitive as expected 3.2. It is recommended to find correct values for these resistors

and modify the current module on order to get more accurate sensor readings.

The magnetorquers design was altered a tiny bit before manufacturing in order to

make room for more windings. They work as expected, and there is nothing to suggest

that they need to be revised before launch. Although, a new set of magnetorquers

must be made using a space rated material for the frames.

Then the ADCS Prototype was put together, consisting of the ADCS Module, the

three magnetorquers, six photodiodes, a 3D-printed structure and a power supply. In

this thesis, it was used to test the implementation of the B-dot control algorithm, and

the results show that it works. The Prototype’s long-term purpose is so give students a

platform for testing software, and more advanced estimation- and control- algorithms.
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Chapter 9

Future Work

A lot of work remains before the ADCS is ready for launch. Most of the hardware design

is completed, which is why the future work should focus on software and testing. This is

now possible with the ADCS Prototype developed in this thesis. NUTS will hopefully

be launched in late 2015, which means that there is little time left. The following list

contains a set of task that must be completed by then.

• Make a flight-ready iteration of the ADCS Module. See suggested modifications

in section 7.1.

• Find a way to estimate the sun vector based on photodiode measurements [19]

[20]. Find correct gain resistor (section 3.2) and do testing.

• Implement and test EQUEST using magnetometer, gyroscope and sun sensor

data [24] [16] .

• Implement and test Non-Linear control [5]. Improve the Test Platform with a

frictionless bearing.

• Define messages and implement CSP (Cubesat Space Protocol) that work over

the I2C bus [8].

• Further develop the ADCS interface in LabView. Investigate the possibilities

using the software to control the actual satellite.
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Appendix A

Digital Attachments

With this thesis follows a digital attachment, master thesis attachment-oeyvind rein.zip.

The zipped folder contains the following:

• A video showing the B-dot detumbling algorithm in action

• Source code for the ADCS Prototype. The project file is called adcs.atsln and

is opened with Atmel Studio 6

• LabView project for interfacing with the ADCS Prototype

• ADCS Module schematics and layout, designed in Altium Designer 13.1, adcs module.PrjPcb

(Available on NUTS’s SVN repository)

• Photodiode Mount schematics and Layout, designed in Altium Designer 13.1,

diode mount.PrjPcb (Available on NUTS’s SVN repository)

• Data from B-dot detumbling experiments

• MATLAB script for calculating magnetorquer properties

• Latex files and figures for this thesis

71


	
	
	
	
	

	
	
	

	
	
	

	
	
	
	

	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	
	

	
	
	
	

	
	
	

	
	
	
	
	

	
	
	

