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Abstract  

The Floating Satellite (FloatSat) system project which has been developed at the ‘Department 

of Aerospace Information Technology - University of Würzburg’ is used to test, develop and 

implement various attitude control algorithms and strategies for small satellites [1]. The 

FloatSat project is designed to operate on a Frictionless air bearing surface that works with 

compressed air flowing distributed on a hemisphere. This hemisphere is used to replicate the 

space environment required for a satellite to perform its attitude control, solar panel 

deployment and payload mission, the FloatSat basically consist of 1 axis control and 

stabilization with reaction wheel. Taking FloatSat to the next level, the aim of the Thesis is to 

Design, Fabricate and Model a three-axis controllable FloatSat that can be contained in a 

Sphere for free rotation and movement. The best feature of FloatSat is that they are plug & 

play, easily accessible and compact size; retaining all these features in the design and extending 

the functionality of the product proves to be challenging. Furthermore, in the thesis it will be 

explained in detail about the various design consideration and selection of most feasible method 

on producing the final product. After the preliminary research for the design characteristics it 

was clear that the new FloatSat will be equipped with a controllable center of gravity 

mechanism that will provide balancing in any desired orientation. To obtain this feature three 

controllable moving masses are to be used in each axis of reaction wheel position. With Three 

reaction wheels and three moving masses to be equipped in the FloatSat the design challenges 

were high as considering the Sphere diameter is only 198mm.  

The various successful 3 axis satellite simulators are either huge or they are constrained in any 

one of the axis where it is positioned. On doing literature research it became clear that the 

sphere configuration with the given size has never been documented with promising results. It 

makes this thesis work to be first of its kind to perform 3 Axis FloatSat stabilization in a sphere 

of 198mm diameter. The FloatSat components include microcontroller STM32F4, Wi-Fi 

module for communication, three reaction wheel motors, three axial moving mass motor, 

Lithium Polymer batteries and motor controllers.  
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Chapter-1 

1. Introduction 

In designing a commercial spacecraft or satellite it is necessary to have a high accuracy level 

in every dimension and constrains of the design. The accuracy also should be on the on-board 

processing of control of the satellite.  This implies also for the various satellite applications like 

planet observation using optical telescope, formation flying as swarms and their docking 

methods with existing satellites to perform repair or servicing. To achieve this high accuracy 

levels a satellite must be tested before it reaches a space grade functioning. To test the space 

grade of a satellite it is required to operate in a low torque environment [2].  

One method that was proposed in early stages of satellite testing was using the neutral 

buoyancy [3]. The satellites were submerged in to water after water proofing it and testing their 

functions inside the low torque environment. This method had their own constraints like the 

water proofing of satellite just for the testing purpose was difficult and exhaust for thrusters 

were difficult to test. 

Another method used in satellite testing is based on the drop test or its famously called as free 

fall test of satellites [4]. A satellite is dropped from a certain height and their free fall is captured 

in a high-speed camera. The satellites are caught with a soft surface like cushion bed or nets 

based on the structural strength of the satellite. While in free fall the attitude control of satellite 

is performed and the recorded results from the high-speed camera is analyzed. The difficulty 

in this method was the limited operation time and lack of data accuracy.    

A method where a satellite can be tested without drowning it in water or dropping it in air that 

must minimize the risks and increase the frequency of testing was realized. That testing method 

is to use the air as the viscous medium and to float the satellite in air. This method is called as 

air bearing satellite testing, where the pressurized air flow through a spherical stator is used. 

The air bearing testing does have effect of gravity to it but it provides a low torque testing 

environment with more feasibility and easy operation method.  

This testing method of floating a satellite on air in a controlled manner is called as Floating 

Satellite testing or FloatSat testing. The design inspiration for a Floating Satellite (FloatSat) 

came from the concept of CanSat which was an initiative of European Space Agency [5]. The 

inspiration was taken due to the small and compact size of satellites that will be easy for testing 

purposes. The CanSat is a soft drink body or a small sized can that will house the electronics 

used to simulate a real satellite operation, CanSat is launched in to atmosphere over few 

hundred meters by a rocket or helium balloon. After the launch CanSat operations will begin 

with the free fall, they perform scientific experiments based on the available on board 

equipment, for example Camera sensors, communication and telemetry data, control of 

orientation and various other experiments.   
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The dimensions of CanSat are approximately 66mm diameter and 115mm height weighing less 

than 350g [5]. The CanSat dimensions are based on adaptability inside the Sounding rocket, 

Each CanSat is equipped with antennas either inside or outside. The CanSat has parachutes to 

limit the damage upon the landing on ground.  

1.1 CanSat 

The traditional CanSat elements are as follows [6] 

Microcontroller 

It is the brain component of the satellite that will perform the sensor data processing, telemetry 

data storage and transmission process. There are various processors used in CanSat like 

Arduino, AVR, and ARM.  

Battery 

The main power supply of the satellite are the lithium-polymer batteries, they are with long 

term performance and high current-weight ratio. They are also easy for charging and 

discharging.  

Barometer 

Barometer sensors are used to calculate the altitude or height from ground level, it uses pressure 

measuring cell with a microcontroller that sends signal with a voltage value as per the pressure 

of the atmosphere. 

GPS module 

Finding the position of the fallen CanSat with the help of Global Position System (GPS) is an 

efficient method. A receiver uses the signal transmitted from satellite network orbiting around 

the earth; using the received data the position of the CanSat will be triangulated. The positon 

data is send to the microcontroller by a serial port as a data line.  

Camera 

A camera sensor is equipped in the CanSat to photograph the earth or specific region on the 

surface of earth during the free fall. The camera will be set to operate based on timer or could 

record continuous data till the end. The data will be stored in external storage fitted with the 

camera or with the microcontroller.  
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Accelerometer 

The acceleration of a CanSat or to determine the free fall speed an accelerometer sensors is 

used, it is called Inertial Navigation System. The integration of accelerometer, electronic 

compass and GPS sensor together helps in determining CanSat position making it immune to 

any magnetic interference.  

1.2 FloatSat 

The Floating Satellite (FloatSat) is the same concept of CanSat with different platform for its 

functions. The FloatSat uses Hemisphere made of glass or Acrylic plastic which is hollow 

inside, the hollow space is used to equip all the electronics components and mission payload 

[1]. The hemisphere is floating inside a spherical air bearing unit showed in the Figure 1, the 

idea here is to compressed air through tiny holes along the surface of the air bearing unit. 

 

Figure 1: Air Bearing for FloatSat [1]. 

Compressed air flows around the hemisphere making it float frictionless. This frictionless 

motion of the hemisphere helps in movement based on reaction wheels easy and fluid. The 

Figure 2 shows the image of FloatSat designs that are currently in operation, the components 

of the current FloatSat will be explained further in the section.  
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Figure 2: Standard FloatSat design for star tracking [1]. 

1.3 FloatSat Component 

The basic elements in a FloatSat are as follows 

Microcontroller  

The microcontroller used in the FloatSat program is STM 32F4 Discovery Board. It includes a 

ST-Link debug tool, one ST-MEMS digital accelerometer, a digital microphone, one audio 

DAC with integrated class D speaker driver, LEDs, push buttons and an USB OTG micro-AB 

connector. The STM 32F4 is connected with an extension board which provides 4 H-Bridges 

and Wi-Fi connectivity for extended usage.   

Reaction Wheels  

The reaction wheels are used in satellites for attitude control and are used in different 

configuration based on satellite structure. The Reaction wheel consists of a Flywheel connected 

to the DC motor, when the motor is powered ON it will spin the fly wheel producing an angular 

momentum in one direction and the spacecraft will rotate in another direction. This angular 

momentum conversion is used as a base method of orientation in every satellite model, the 

reaction wheels are usually placed in 3 axes respectively.  

The FloatSat uses one reaction wheel aligned in Z axis giving it one axis control as shown in 

Figure 3. The placement of the wheel is more towards the negative Z axis as the center gravity 

in a FloatSat is preferred to be as low as possible giving it an advantage of less wobble and 

more stability. The FloatSat height is based on different mission functions and varies mostly in 

the height around the Z axis as shown in Figure 3. The figure also shows how the axis are 
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aligned to the satellite. It represents the same methodology used in understanding the 

orientation of any moving object, each axis represents Pitch, Roll and Yaw. In a FloatSat pitch 

is aligned to X axis, roll is aligned to the Y axis and yaw is aligned to the Z axis. The only 

possible motion done by the FloatSat is rotation or yawing on its Z axis as the other two axes 

are constrained due to the shape in the air bearing.     

 

Figure 3: Floating satellite with height operating mission 

Sensors  

The basic sensor used for attitude control is Inertial Measurement Unit Sensor (IMU); they 

measure angular rate and magnetic field. They operate with a combination of accelerometer, 

magnetometer and gyroscope. The IMU in the FloatSat is used to determine the orientation 

around the 3-axis and change in the orientation around the Z axis as the FloatSat operates in 

that axis. The microcontroller sends commands to operate the reaction wheel and to retain the 

desired position the IMU is used to get the orientation feedback.  

The next sensor used is Light Dependent Resister (LDR). It is positioned in the XY plane of 

the FloatSat to detect the High light source (usually presumed as sun). While operating the 

reaction wheel in the process of finding the sun the LDR will pick up the high point of light 
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source and the data will be sent to the microcontroller. The microcontroller will do a cross 

examination of the LDR sensor data against the IMU orientation angle data to record the 

position of Sun.  After the post processing, the sun’s position is determined and it will command 

the reaction wheel to position FloatSat towards the sun.  

Deployment of Solar Panels 

 Once the FloatSat is oriented towards the sun, the microcontroller will command the Thermal 

Knife (resistor). The Thermal Knife will produce a higher temperature on its metal head with 

high current supply from batteries. This heat will burn the wire connecting the solar panels that 

are bestowed with the FloatSat body. The result of hot wire cutting will make the Solar Panels 

deploy using the spring joint attachment. This deplanement will make the solar panels to face 

the Sun and start charging process of the batteries.  

Batteries 

The batteries used here are Lithium Polymer (Li-Po), which are the most common type of 

batteries from the small satellites. They produce high current with a voltage of 12V, could be 

charged and discharged easily as it has a high charge-discharge cycle. Usually the solar panels 

used in the FloatSat produce relatively small amount of current making it fail to charge the 

attached Li-Po batteries, so an external charger is used.  

Camera 

As a very base mission payload cameras are attached as a mandatory unit in every FloatSat. 

They are also used exclusively for the star tracking missions and planetary imaging mission. 

Some designs were made to determine the 3D image of planets using various position of camera 

giving it a more depth of view.  

The mission could be any but these components are used in FloatSat for their basic functionality 

and control of the mission.  As explained above the typical FloatSat is operated only in one 

plane (XY) and to increase its functionality the design of FloatSat should be fitted with three 

reaction wheels.  
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Chapter 2 

2.1 Literature References  

When it comes to small satellites for space researches the CubeSats are the easy, efficient and 

budget product. The standard dimension of a CubeSat is 10x10x11.35cm and weighs around 

1Kgs [7]. CubeSat shape is more compact with all the components like payload, electronics, 

battery and solar panel integrated in the given dimensions. But for the design of this thesis 

CubeSat proves to be bigger by few inches and the structure design of CubeSat is equally 

dimensioned cube which in our case it’s a sphere. Even though the structural requirements are 

different some designs that were useful are explained below.  

2.1.1 Standard CubeSat design   

The Innovative Solutions in Space (ISIS) is a company producing commercial small satellites 

for research and testing. Their most basic and successful design for the CubeSat is shown in 

Figure 4 

 

Figure 4: ISIS CubeSat structure [8] 

The compact assembly of components can be seen in Figure 4, as complex as it is for our thesis 

there is not much complicated components to be miniaturized but assembling all the electronic 

components will be a difficult task.  The electronic components are assembled inside the cube 

with the help of slots. These slots will be used in this thesis electronic designing.  

2.1.2 Cubli 

From the institute of ETH Zurich presenting a very impressive and a tiny Cube that performs 

functions related to attitude control of a satellite, but it does that in a unique way. The Cubli is 
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15x15x15cm cube that performs jumping and balance on its flat surface using its 3 reaction 

wheels are mounted in the faces [9]. The same principle of a reaction wheel that is used in 

satellites for attitude control is also used here. Instead of rotating its body with the angular 

momentum, Cubli just builds up the angular moment and brakes immediately. This immediate 

breaking while building angular momentum transfers the moment from the wheels to the whole 

structure causing it to jump or to roll on it cube sides [9]. The techniques help in performing 

jumps, balancing on sides/edges and controlled falling, the manufacturing company call this as 

“Cubli Walk”.  

 

Figure 5: Cubli CAD model [9]. 

The Dimension of Cubli doesn’t suit the requirement of our thesis but still the functioning with 

reaction wheels as main source of movement/orientation helps in understanding operations 

based on gravity inputs. After understanding the Cubli structure its electronic components 

placement and reaction wheel placement will be used as a reference in building of structure for 

this Thesis.  

2.1.3 Sphero  

Sphero is a small sized toy project that can be controlled with a smartphone. It is a sphere-

shaped toy that can be controlled to move on flat surfaces in any direction [10]. It has two 

wheels controlled omnidirectional to preform straight, curve and rotate on spot. Equipped with 

inductive charging Sphero can be charged wirelessly.  
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Figure 6: The image shows Sphero skeleton and its wireless charging sphere bearing.  [11] 

The principle of operation in Sphero is to get controls from the smartphone via Bluetooth and 

power the wheels; they rotate the sphere which in turn rotates the sphere performing it to move 

in the desired direction. The control board and the internal components stay aligned to the axis 

always with the help of gravity, the force pulls down the Control board down while stopping 

the internals from rotating itself. From Sphero, there was not much to be implemented in the 

thesis but the construction and mechanism were useful to understand the concept of compact 

structure design inside a sphere.  

2.1.4 SimSat II  

The Simulation Satellite or SimSat is a project carried out by Airforce Institute of Technology 

in Wright-Patterson Air Force Base, Ohio. The Main objective of the project was to develop a 

3-axis satellite simulator that will be using reaction wheels. The objectives match a lot with the 

objective of our FloatSat project but has different methods of attitude control system ACS [3]. 

In SimSat II ACS uses reaction wheels and to support the function of reaction wheel the fan 

thrusters are used. The reason behind double ACS mechanism is the attachment point or 

fixation point. As shown in Figure 7 the mechanical attachment of the SimSat is to be made on 

a spherical air bearing system which uses compressed air as cushion to rest the spear and give 

zero friction operation. Again, this air bearing concept is similar to our FloatSat project but the 

operation method again varies with both projects. While the objective of our FloatSat is to have 

all components inside a sphere, the SimSat II is a design placed on top of the air bearing as 

shown in Figure 8.   
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Figure 7: Spherical Air Bearing [3] 

Unlike FloatSat, SimSat II is huge in size and it’s a big circular sheet that houses all the ACS 

components including the electronics. This size of SimSat II which restricts the 3600 operation 

of SimSat II, as shown in the middle sphere is the air bear assembly and the circular disk is the 

satellite structure. Due to this design format the SimSat II operates only in ±90º in 3-axis [3]. 

The main objective of the project is to evaluate the reaction wheel operation when operated in 

a space environment. The SimSat II helps in understanding the spacecraft dynamics, PID 

attitude control and Space function accuracy.     

 

 

Figure 8: SimSat II 

After doing research on the SimSat II project it gave an insight about the various other 

platforms that can be used in testing a satellite based on air bearing technology. To name few 

techniques  

 Dumbbell air bearing  

 Table top air bearing  

 Umbrella air bearing  

The technique used in SimSat II is table top air bearing technique. SimSat II used a simple 

methodology of testing with one axis reaction wheel on air bearings. Then the results from the 

one axis testing was studied and results were used to build 3 axis reaction wheel assembly. The 
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Attitude Control System of SimSat II was evaluated with series of experiments and the results 

were derived.  

The results of SimSat II setup provided the attitude holding accuracy as ±0.01º but the holding 

accuracy changed as the testing extended from 1 axis to 3 axes. The position holding based on 

a specific angle exceeded the 10s thresholds for rest to rest maneuvering [3].  The rest to rest 

maneuvering is a method where the satellite should start from rest, perform the coded 

maneuvering and end in the positioned desired by the user. The positioning accuracy and time 

taken for maneuvering provided the concept proof of a functioning 3-axis satellite attitude 

control system. The results of SimSat II gained more accuracy during the PID control tuning. 

The efficiency of function in each axis increased with a proper iterative PID tuning [3]. The 

team SimSat II concludes by stating that the operation performed on the table top air bearing 

gives them a biased result due to its structure. The control of SimSat II was easy on the Z axis 

rotation as it is the only attachment point, but at the same time the control in the other two axes 

were difficult due to same attachment point. This attachment constrain will not occur in the 

Floating Satellite project as it functions inside the sphere with no external disturbances.    

2.1.4 DSACSS (Distributed Spacecraft Attitude Control System Simulator) 

This is a project developed by Virginia Tech to test their Spacecraft attitude control systems 

using air bearing platform [12]. The test bed used for the project consist of two types, Table 

top and Dumbbell, to perform attitude control they use multiple type of actuators. The actuator 

used are momentum/ reaction wheels, control moment gyros (CMG) and thrusters. The control 

moment gyros are like reaction wheels but they are spinning the wheels constantly while a 

gimbal is used to tilt the wheels; the tilting of the wheels provide a gyroscopic torque [13]. 

These gyroscopic torques will as an effect of Newton’s third law will transfer the force to the 

supporting body which in this case is a satellite.  

They built two experimental platforms for two test beds and both were also tested for formation 

flying algorithms. Whorl-I and Whorl-II are the two platforms with attitude control systems on 

top of them*. In one of their test beds instead of air bearing they tested the functionality of 

Magnetic bearing, with used the electromagnetic forces to levitate a rotor. This technique is 

based on the idea when a stator coils are assembled radially energizing the coils will provide 

magnetic force on the stator positioned above them. This force could be either attraction or 

push force depends on the coil polarity, for magnetic bearing push force is incorporated for 

levitation purpose [14]. By this method, the Virginia Tech reduced the friction due to heavy 

weight of the experimental set up. They managed to simulate and test the following functions 

using this project [12]  

 Relative positions between the satellites in formation  

 Formation Control in separation of the satellites  

 Commination band width for data transfer   

 Orientation relativity between satellites  

*Images of Whorl-I and Whorl-II are available in Appendix section 
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2.1.5 FACE – Facility for Attitude Control Experiments 

The German Aerospace Center (DLR) in Bremen, Germany has been experimenting about 

Attitude Determination and Control Systems (ADCS) for low earth orbiting satellites. One of 

their experiments involves the Facility for Attitude Control Experiments (FACE) project. 

FACE is a huge hemispherical air-bearing platform to housing the satellite components [15]. 

The setup has an automated Center of Mass calibration technique to stabilize the platform with 

minimal friction acting on the 3 axes. Apart from the automated Center of mass calibration the 

setup also provides solar simulator and magnetic field simulator for the testing of different type 

of satellites developed by DLR.  

With FACE the attitude control algorithms can be tested and FACE can simulate the attitude 

dynamics of a satellite per their types. The Magnetic simulator consist of 3 pairs of Helmholtz 

coil which cancels the local magnetic field and provides with a simulation of magnetic field in 

space [15]. The experimental set up is 60X60X60 cm3 where a self-sustained satellite can be 

placed for testing which will undergo various experiments.  The FACE uses air bearing 

technique for their setup which allows the operation in Pitch and Roll axis with ±20 limiting 

and the Yaw axis with no limits.   

After doing researches on technologies and methods available in testing Attitude Control 

Systems it is clear now that the common way of testing is with the help of air bearings. As 

bearing test best provides zero friction and high test accuracy. While the already available 

experiments are big in size and has some functioning constrains related to attachment points. 

The approach of placing a functioning attitude control inside is sphere is only available in 

Sphero (2.1.3) whereas it fulfils only as a kid’s toy and for kids programing education.  

The FloatSat to be developed by this thesis work is an approach that follows the best test 

method (air bearing) while developing a unique design that shows no restrictions in simulating 

the ADCS of a satellite.  
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Chapter 3 

3.1 Design steps and design finalization  

To begin with designing it is necessary to know the needs or the constraints that will be faced 

during designing stages. These constraints are as follows  

 The design must be made inside a sphere of size 198mm diameter.  

 The design must house 3 DC motors in each axis of x, y and z respectively.  

 The design must house 3 stepper motors in each axis of x, y and z respectively.  

 The design must be properly balanced to keep the center of gravity in the center of the 

design. 

 By operating the stepper motors the design must change its center of gravity to a user 

desired position.  

 The DC motor along with reaction wheel must rotate the FloatSat at least one revolution 

per minute.   

After understanding these requirements, it was important to decide the required components to 

fulfill these requirements. The department of Informatik VIII in university of Würzburg has 

been working with FloatSat for about 5 years now. Their projects with similar related functions 

use DC motors and metal reaction wheel for orientation and displacement purpose. These 

components are tested for the compatibility with this thesis project and are used in the final 

design.  

 To perform a CAD (Computer Aided Design) model AutoDesk Inventor 2016 software was 

used. While the designing stages of the thesis it was necessary to perform various design 

iterations to reduce the complexity in each design. These iterations helped in finding the 

suitable Center of Gravity (CG) for that respected design. To begin with, the components 

required are 3 DC motors, 3 linear actuating stepper motors to displace the center of gravity 

(CG) and STM 32 M4 mini a 50mm small sized controller that is suitable to be fixed in a small 

dimension constrain. The 3 DC motors which will be controlling the reaction wheels are the 

biggest component (by size) in the thesis. The positioning of a heavy component as well as 

placing all other components to keep the CG in the middle of the sphere was very challenging.  
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The idea was to fix the microcontroller and all the electronics in a cube structure located at the 

center of sphere as the microcontroller is only 50X18mm in dimension. The DC motors with 

reaction wheels will be facing away from the microcontroller to reduce the magnetic 

disturbance from metal mass rotating at high speed. There are three axial moving masses that 

will be fixed at the opposite side of the reaction wheels in the concern axis. The idea with the 

moving mass is to adjust the center of gravity (CG) whenever the orientation of sphere is 

changed. With all the electronic and electrical components connected via wires it will be 

obvious that the CG keeps changing every time the wires are drawn due to gravity so the 

moving mass will be very helpful. The batteries required to power the whole system plays a 

big role in the weight distribution around the design, as per the base voltage requirement it 

must be 12-16V so 3 cell Li-Po batteries are used.  

3.1.1 Fist Iteration  

 

Figure 9: first design trial 

The Autodesk inventor 2016 was used to design the whole computer aided design (CAD) 

structure model. The first iteration design was just a basic concept without any design 

dimensions. 3 stepper motors are used at the extreme edges and the 3 axial motors at the 

opposite sides. The housing structure will run across the sphere holding the stepper motors and 

axial motors together. The center hub design was not yet designed as the number of components 

to be placed inside was not decided at the time. As in Figure 9 it is noticeable that the stepper 

motors were attached to the main housing of the design. A gear strip around the housing can 

be related to ring gears, where gears run through inner-side or above a circular surface. This 

design was then scrapped due to its designing constrains and wiring difficulties.  
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3.1.2 Second iteration 

 

Figure 10: Second Iteration 

The second iteration has no roots from the first; it was design with a totally different concept. 

The golden colored structures as shown in the Figure 10 are the reaction wheels. The stepper 

motors are colored in black and the blue colored structures are the batteries. There is a center 

hub which will hold every component together. The reaction wheels are connected in each axis 

with the axial motors placed at the opposite ends. This design was more promising compared 

to the last iterating. Meanwhile, the distributed battery system gave a clear view of weight 

balancing.  

The Batteries were designed in a way that they could be easily removed which makes this 

design more compatible as Plug and Play. This design failed in few aspects during its CG 

testing, like there was no proper support for the axial moving mass and to add extra weights 

the deign had no features. So, it became necessary to re-construct the design with missing 

features.  

3.1.3 Third Iteration  

The third iteration of design took all the missing features of the previous designs and was ready 

for the final production. The final design from the Autodesk Inventor software is shown in 

Figure 11. Cube structure in the center has dimensions 50x50x50 empty cube, where all the 

electronic components are fixed.  
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Figure 11 Third Iteration 

The reaction wheels are connected facing the cube, initially the assumptions were made that 

placing reaction wheel towards IMU will cause any disturbance to the readings. In the second 

iteration as shown in Figure 11 the reaction wheels were placed at the possible extent from the 

center, it caused the CG to be difficult to position it at the center of origin. The reason for this 

uncertainty was the placement of heavy reaction wheel at that point. The measured CG values 

and moment calculations are discussed in the Angular momentum calculation section.   

The battery attachment in the top is designed as plug and play, it also holds the moving axial 

stepper motor in its place. Also, the attachments are made in a way to hold two “1 cell” batteries 

together. The top cover has provision to add extra dead weights if necessary.   

3.1.4 Center of Mass 

The Center of Mass (COM) is a simple quantification of mass distribution in a body regarding 

some reference frame. While the design was made using a x-y-z coordinate frame, a default 

setting in the software AutoDesk Inventor 2016 software. With this coordinate system, we try 

to understand the mass distribution in xy, yz and xz planes as shown in Figure 12. It is important 

to understand the difference between center of gravity and center of mass, center of gravity is 

the point of mass concertation based on the gravitational force meanwhile center mass is the 

average position of masses in or around an axis. In the following section the gravity gradient 

is not considered in calculation because to understand the center of mass and moment of inertia 

of the third iteration design.   



 

17 

 

Figure 12: Reference Planes for the design 

After knowing the mass distribution, we can calculate the moment of inertia of each plane using 

the following mathematical equations. 

Ixx = ∑ 𝑚𝑖 (𝑦𝑖
2 + 𝑧𝑖

2)𝑁
𝑖=1  

Iyy = ∑ 𝑚𝑖 (𝑥𝑖
2 + 𝑧𝑖

2)𝑁
𝑖=1  

Izz = ∑ 𝑚𝑖 (𝑥𝑖
2 + 𝑦𝑖

2)𝑁
𝑖=1  

The above equation explains if we increase the mass or move the mass from a point will change 

the moment of inertia of the rigid body about that axis. Keeping the same reference planes the 

product of inertia of the design can be determined using the following equations.  

Ixz = ∑ 𝑚𝑛
𝑖=1 𝑖

𝑥𝑖𝑦𝑖= Iyz 

Ixz = ∑ 𝑚𝑛
𝑖=1 𝑖

𝑥𝑖𝑧𝑖= Izx 

Iyz = ∑ 𝑚𝑛
𝑖=1 𝑖

𝑧𝑖𝑦𝑖= Izy 
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The product of inertia explains about the symmetrical properties of a rigid body, symmetry in 

the xy plane will make Izz and Iyz equal to zero; the xz plane will make Ixy and Iyz equal to 

zero; the plane yz will make Ixy and Ixz equal to yero. When we merge the product of inertia 

and mass of inertia into a rotational matrix we get the following.  

 

I = [

𝐼𝑥𝑥 𝐼𝑥𝑦 𝐼𝑥𝑧
𝐼𝑦𝑥 𝐼𝑦𝑦 𝐼𝑦𝑧
𝐼𝑧𝑥 𝐼𝑧𝑦 𝐼𝑧𝑧

] 

When the rigid body is symmetric with its 3 axes then the product of inertia becomes zero as 

mentioned earlier. Due to this reason the only remaining elements in the matrix is the 

moment of inertia Ixx, Iyy and Izz.  

I = [
𝐼𝑥𝑥 𝐼0 0
0 𝐼𝑦𝑦 0
0 0 𝐼𝑧𝑧

] 

Autodesk Inventor 2016 provides the moment of inertia for the drawn design as shown in 

Figure 13 . Substituting the value in the moment of inertia matrix. 

I = [
0.004 0 0

0 0.004 0
0 0 0.004

] kg m2 

The above matrix is the Moment of inertia in each principal axis. From the design the center 

of gravity shows negligible variations, taking the fact that center of gravity changes marginally 

when it comes to real design; the CG values provided by the Inventor software is approximately 

positioned at the center of the structure. The mass of the whole design is 1.324kg which is 

obtained by entering the weights of each components individually. In real measurements, the 

weight may change as wire and electronics are still yet to be fixed.   As seen in Figure 13 the 

center of gravity of the design shows values close to the origin.  

X = 0.008 m 

Y = -0.003 m 

Z = -0.003 m 

 



 

19 

 

Figure 13: Moment of Inertia vales from Autodesk Inventor 
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Chapter 4 

4.1 Mechanical Briefing and Calculations  

4.1.1 DC motor  

 

Figure 14: DC motor 37Dmm metal Gearmotor with color coded wires 

This DC motor measures 107g in weight, 34.5mm in diameter and 46.5mm in length. Motor is 

fitted with a 64 CPR (Counts Per Revolution) quadrature encoder, motor operates in 12 v 

maximum and 5A stall. The Spec sheet of the DC motor is available in appendices. The 

maximum revolutions per minute with the peak 12 V is 11,000, the stall current at 12v is 5A 

which was tested for its functioning with the reaction wheel and results are discussed with 

reaction wheel specs. The DC motor have in total 6 wire connection as shown in Figure 14, 

encoder could operate between 3.5v to 20v drawing not more than 10mA current. The A and 

B encoder output from wires Yellow and White which gives a quadrature output equals to 64 

counts per revolution of the motor shaft [16].  

4.1.2 Linear Actuating Stepper Motor  

The stepper motor used for this project works as a linear actuator, this actuation is important 

part of this whole project. The linear movement of this actuator will change the center of gravity 

for whole structure as an act to balance the center of gravity. As the Figure 11 shows actuator 

is positioned opposite to the side of DC motor which will balance the weight of the structure 

in every axis of its placement X, Y and Z axis respectively.  
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Figure 15: Linear Stepper Motor 

About the motor, it is a bipolar stepper motor with a screw of 3.5mm as main shaft. The Lead 

screw can move in both ways as a free motion, physically there is no stopping for the screw to 

move out. The motor has 4 wire outputs, Red – Red/white and Green – Green/white. Each color 

set is made as separate windings around the shaft, the winding arrangement is shown in Figure 

16.  

 

Figure 16: Schematic of Stepper motor [17] 
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4.1.3 Reaction Wheel  

The reaction wheel used in the project is made of brass, the density of this brass type is 8620 

Kg/m3. The reaction wheel is developed by the Department of Informatik VIII for common 

FloatSat purpose. It measures 35mm in diameter and 8mm in thickness, it weighs 64.8 grams.  

 

Figure 17: Reaction Wheel 

This reaction wheel is connected to the motor mentioned in section 4.1.1, the angular 

momentum of this setup should be theoretically higher than the angular momentum required to 

rotate the FloatSat. When body with certain mass is rotated around any axis with a certain 

velocity it produces moment of inertia around the rotating axis; the velocity of rotation is called 

angular velocity. As the mass being rotated around a certain axis the momentum produce will 

be the product of moment of inertia (I) and the angular velocity (�⃗⃗� ).  

�⃗⃗� = 𝐼�⃗⃗�  

To calculate the moment of inertia (I) of the given reaction wheel and the whole sphere of the 

project it is important to know the physical properties like mass, size and shape of the objects. 

The moment of inertia calculation based on different shapes of object is shown below in Figure 

18.  
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Figure 18: Moment of Inertia for Disk and Sphere 

M- mass of the object  

R-  radius from center of the axis 

Moment of Inertia of the disk  

1

2
 𝑀𝑅2 

Mass of the given reaction wheel disk = 64.8 grams 

Radius of the given reaction wheel disk = 17.5 mm  

Inserting then to the equation we get moment of inertia of the disk = 9922.5 g-mm2  

Moment of Inertia of the Sphere  

2

5
 𝑀𝑅2 

Mass of the given sphere (derived mass from software model) = 1480 grams 

Radius of the given Sphere = 101.5 mm  

Inserting then to the equation we get moment of inertia of the Sphere = 609,8932.0 g-mm2  

With the moment of inertia calculated we need to find the angular velocity of the disk. The 

angular velocity of any given circular object is measured based on how fast the object is 

rotating. In our case, angular velocity depends on the speed of the motor, which is 11,000 RPM 

at maximum of 12V. The reason to take the maximum RPM for calculation is to find the Stall 
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angular momentum that can be provided by the current reaction wheel and motor setup. So, 

with the provided information we derive the angular velocity as follows,  

Angular Velocity (�⃗⃗� ) = 
𝐴𝑛𝑔𝑙𝑒 𝑟𝑜𝑡𝑎𝑡𝑒𝑑

𝑡𝑖𝑚𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑
  = 

𝑑𝜃

𝑑𝑡
 

As the RPM of the DC motor is available from the Spec sheet, the above equation is modified 

as,  

Angle rotated 𝑑𝜃 in a minute = 
2×𝜋×𝑅𝑃𝑀

60
 

Solving the equation with the values we get Angular velocity (�⃗⃗� ) = 1151.33 rad/s 

Angular Momentum (�⃗⃗� ) =9922.5 × 1151.33 = 11424071.925 g-mm2/s= 11.42 ×106g-mm2/s  

The Angular Momentum (�⃗⃗� ) of the Circular Disk is calculated as 11.42 ×106g-mm2/s. 

To calculate the Angular Momentum (�⃗⃗� ) of the Sphere it was assumed that sphere will do one 

revolution in a minute around one axis, which gives us 1RPM around one axis. In this case the 

required Angular Velocity (�⃗⃗� ) will be 0.104 rad/s. Substituting this value we can derive the 

Angular momentum required to rotate sphere for one complete revolution.  

Angular Momentum (�⃗⃗� ) =609,8932.0× 0.104 = g-mm2/s= 0.634288× 106g-mm2/s  

Comparing the Angular Momentum (�⃗⃗� ) calculated for both Disk and sphere it was concluded 

that the required Angular Momentum (�⃗⃗� ) of the sphere for one rotation can be provided by the 

current Reaction Wheel and DC motor setup. Even considering the fact of Half throttle or Half 

Duty Cycle for the DC motor the Angular Momentum (�⃗⃗� ) still stays higher that the required 

rate of rotation for the sphere around one axis.  

The change in angular momentum with respect to time is called Torque. When the reaction 

wheel of the satellite is changing its angular momentum in each axis it produces enough torque 

to rotate the satellite, torque is considered as a twisting force that causes rotation about any 

circular object. In the design of the FloatSat the 3 DC motors are fixed in each axis as shown 

in the Figure 19. 
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Figure 19: 3 Axis reaction wheel assembly 

Conventional calculation of torque for a satellite needs to consider foreign disturbances like 

gravity gradient, atmospheric drag, internal vents and leaks; but in this case of 3 axis satellite 

where the whole structure is fixed inside an air tight transparent sphere it was understandable 

to neglect the disturbances like atmospheric drag, internal forces and leaks. While the 

mentioned disturbances do not occur inside a closed room, the gravity gradient stands as one 

of the most important and high source of disturbance for the torque produced by the satellite. 

As explained in the section 1.2 FloatSat the test bed is an air bearing with tiny holes which 

spray high pressure compressed air along the curved surface acting as an airbed. When the 

satellite inside the sphere is placed on it, this air bed is not enough to create a zero-friction 

surface for the testing simulating space atmosphere. Efforts were made to determine the friction 

caused by this effect but it proved to be too low to determine it quantitatively. Reason for the 

inconvenience in determining the friction was discovered later as; the friction was too low, so 

this effect was considered as minor disturbance and neglected.  

Still the Gravity gradient has a big reason to cause Torque disturbances; for example, a body 

balanced on one point with 2 equal weights among their edges won’t have any motion but when 

the weights are different the gravity pull will change the balance of the body. Now imagining 

the same example for a body rotating around the axis of balance the results will be different. 

To understand a rotating body, we could consider a spinning top as shown in Figure 20. 
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Figure 20: Spinning Top 

A top without any spin will fall over due to the force of gravity and this same top when given 

a spin it will generate a force around the vertical axis causing it to have higher force than the 

gravity force acting on it. This higher force than the gravity gradient in this case is what we 

know as angular momentum. But the same angular momentum if not applied on an axis and is 

being applied in an inclined axis then the top will have an effect of wobbling to it. This 

wobbling is a result of unbalanced masses from the center, in other words center of gravity 

(CG). The center of gravity for this design must be aligned perfectly in all axis so the spinning 

effect does not cause any wobble. As the design is equipped with stepper motors, each motor 

will act as a mass to displace the center of gravity.  

During the design stages, it was assumed that the designing software gives the center of gravity 

with respect to real world forces. But in later period it became clear that the Autodesk Inventor 

was not giving the correct Center of gravity values as it considered the density of a material to 

be uniformly distributed. Except a full infilled solid structure, it is impossible for any other 

structure to have a uniform distributed density. The Software does give us a warning as shown 

in Figure 13 “Values do not reflect user-overridden mass or volume”, this may be a misleading 

definition. The exam meaning of the statement is that the mass or density provided by the user 

is only valid for a part file or single component, it does not reflect the gravitational pull on an 

assemble design. This designing constrain is available in almost all commercial designing 

software, to avoid this people depend on CFD (Computational Fluid Dynamics) or FEM (Finite 

Element Method) to analyze the missing real world force effects in a CAD model.  

 This uncertainty was realized when the design was printed and assembled, to overcome this 

error extra dead weights were added after physical testing of the design. The required torque 

of the FloatSat is accurate but a brief calculation with the available values are made to 

understand the required torque and produced torque and later these torque values will be 

verified using mechanical testing of the final design. 

To obtain the torque we could use the following equations  
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𝜏  = 
𝑑�⃗⃗� 

𝑑𝑡
 

𝜏 = 𝐼 ⃗⃗ × 𝛼   

Where 𝛼  is the angular velocity, assuming the FloatSat rotating at 1 rotation per minute i.e. 

0.016 deg/sec.  

𝜏 = 9922.5 g − 𝑚𝑚2 × 0.016 deg/sec2  

𝜏 = 158.76 g𝑚𝑚2/sec2  

Torque produced by the reaction wheels at full efficiency is calculated with angular velocity 

of the motor, which is 11,000 deg/sec2  

𝜏 = 9922.5 g − 𝑚𝑚2 × 11,000/sec2  

𝜏 = 10.91 × 107 g𝑚𝑚2/sec2  

By comparing the values it’s clear that the torque produced by the motor satisfies the torque 

required to rotate the FloatSat.  
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Chapter 5 

5.1 Electrical Components and Circuits 

The project has significant importance to electronics and circuit designing. When a satellite is 

built with 3 Reaction wheel DC motors and 3 Linear actuating stepper motors it is important 

to connect them with suitable drivers. As explained earlier in section 3.4 the size available for 

the Microcontroller, drivers, voltage regulator and Wi-Fi module is constrained in a small size 

of 55mm2, it’s the size of the center cube in final design as shown in Figure 11. To solder all 

the components together an experimental board of 55×55 mm was used as shown in Figure 22. 

In the mechanical design, there were suitable slots made that holds the Experimental board in 

position. The following sections will explain the chosen electronic components for the project, 

their description, functionality and their connections in a circuit.  

5.1.1 Battery  

Let us begin the electronic section with the batteries, as batteries was selected not only based 

on power requirement but also based on the size, weight and accessibility so it will be suitable 

for our current design. To power the DC motors (4.1.1) we needed battery setup providing 

minimum of 11V and maximum of 13V. Keeping this voltage requirement with the 

requirement to balance weight in design was difficult. After the weight calculation of DC motor 

along with the Reaction wheel to one side of the cube it was sure the battery must weigh about 

the same in the other side. So, after some online research for batteries Nano Tech 1 cell 3.7V 

Lithium Polymer battery was chosen.  

 

Figure 21: Li-Po battery 1 cell 

This battery is compact small and gave suitable weight balance with the stepper motor to be 

fixed in the other side of the cube. As the battery describes each battery provides only 3.7V 
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with 750mAh, but the required voltage is 12V. A 3 cell configuration can provide around 12V 

but the battery capacity only reaches 750 mAh. In total 6 batteries are connected where each 2 

cells are connected in parallel to form 1 cell with 1500 mAh and later related to 2 other 3.7V 

1500 mAh to form 11.1 V 1500 mAh. The circuit diagram of battery wire connection is shown 

in Figure 23. 

 

Figure 22: Experimental board with battery input and output connections 

 

Figure 23: Circuit Diagram for & battery setup 
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5.1.2 Microcontroller 

 The main requirements for microcontroller are small and powerful enough to support all the 

components connected with it. Mini-M4 as shown in Figure 24 is a development board 

containing STM32F415RG microcontroller with ARM® Cortex™ -M4 processor.  The board 

is equipped with 32.768KHz crystal used for internal RTCC module and 16MHz SMR crystal 

oscillator. The Microcontroller is powered with 3.3V through pins available on the board, the 

STM32 has 3 LED – Red, Yellow and Green, by default Red indicates Power of board, Green 

indicated DATA processing and Yellow indicates the status. The microcontroller pin 

connections are discussed further in the report after choosing electronic components. The 

microcontroller consumed 800mA and dimensions 50.8×17.78mm and weighs only 6g [18].  

 

Figure 24: STM32 pinouts 

5.1.3 Step-Down Voltage Regulator  

The operating voltage of the project is 11V while to power up the microcontroller 3.3V is 

required. D24V22F3 Stepdown voltage regulator is used to reduce 11V to 3.3V with 2.6A. The 

regulator operates from 4V to 36V, it measures 17.8×17.8×8mm and weighs only 10g 

(including connector pins). The regulator has 5 electrical nodes to it, power good (PG), enable 

(EN), input voltage (VIN), ground (GND) and output voltage (VOUT) as shown in Figure 25. 
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Figure 25: Voltage regulator [19] 

By default, the regulator is enabled with a 270 kΩ pull up resistor connecting the EN pin in 

reverse to the VIN, if the EN pin is set high then the regulator will operate in low power state. 

The PG pin which is power good pin will give a low output when the total voltage of the VOUT 

drops to 85% of nominal voltage and the PG pin goes high when the output voltage is raised to 

90% [19], using an eternal pull up resistor this pin can be used to detect the voltage drop which 

in turn will indicate the voltage drop of the batteries. As the voltage regulator get hot during its 

operation as it was mentioned by the manufacturer [19] the placement of this regulator is done 

a bit far away from the microcontroller. A power switch is connected to the input wires of the 

regulator which cut the voltage out completely allowing the batteries to charge without being 

connected to the circuit, the connection images will be added later in the circuit for reference.  

5.1.4 Wi-Fi Module  

For Communication with the ground station Wi-Fi network is chosen as it has higher data 

transfer rate, stable connection, long ranged and power optimized compared to Bluetooth 

connections. The basic concept of this thesis uses the Wi-Fi module only for Telemetry purpose 

but in future if a camera is connected then the Wi-Fi network will be more useful for live data 

streaming because of their high data transfer rate. Furthermore, the Wi-Fi module 

comparatively uses less power and gives high range, this helps in extended usage of the satellite 

and will be suitable for remote cockpit operation. The remote cockpit operation room has been 

setup by the department of Informatik VIII in university of Würzburg for many ground station 

operations.  
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Figure 26: Wi-Fi module ESP8266 ESP-01S [20]. 

The WiFi module chosen for this project is ESP8266 ESP-01S from SPARKFUN electronics 

[20]. The module is a self-contained system on chip (SOC) with TCP/IP protocol stack, this 

module will be connected to the STM32 mini-m4 microcontroller to provide the board with 

Wi-Fi network. The module out of the box comes with pre-programmed firmware with AT 

commands. Figure 26 shows the Wi-Fi module and its pinouts, as the Pinouts shows the module 

supports to two GPIO pins which could support sensors and applications which needs WIFI 

network directly. The size of the module is comparatively small suitable to be used inside the 

center cube design of the project, the input power of the Wi-Fi is 3.3V which is provided from 

the Voltage regulator.  ESP8266 module contains a self-calibrated RF allowing so it could work 

under any operating system and it does not require any external RF parts.  

5.1.5 Inertial Measurement Unit  

Every satellite needs an inertial measurement unit to know its attitude with respect to any 

movement. An IMU detects the current rate of acceleration using the accelerometers, detects 

the roll, pitch and yaw using the gyroscopes and detect the orientation based on the values from 

magnetometer that works referring the earth magnetic field. The angular acceleration is one 

important aspect that must be measured precisely for better operation of this project. To 

measure the angular acceleration the accelerometer and the magnetometer works together as a 

function to determine the angular acceleration on our case rotational speed or rotational rate of 

the satellite in an axis. Linear acceleration is not required to be measures as the satellite stays 

still in a position, to measure all these an IMU was chosen.  

BNO055 9-DOF IMU is purchased for this project and will be explained.  This IMU is a circuit 

that combines BOSCH MEMS accelerometer, magnetometer and gyroscope with an ARM 

cortex-M10 processor. The output data provided by this sensor is in the form of quaternions, 

Euler angles or vectors. The IMU data values can be accessed using I2C connections. The 

operating voltage is 3.3 V, has a logic level converter for reset and required I2C pins. There is 
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an in-built 32.768KHz crystal oscillator that provided a high refreshing rate of all sensor 

measurements for a good real time operation. 

 

Figure 27: IMU with its pin outs 

5.1.6 DC motor driver 

To control the DC motor (4.1.1) a H bridge is required. H bridge is a simple circuit with 4 

switches, the switches when connected in circuit looks like ‘H’. The switches are bi-polar or 

FET transistors connected across battery as shown in Figure 28.  

          

Figure 28: H-bridge configuration 

As shown in figure 29 D1, D2, D3, D4 are the diodes that are connected as switches in the 

circuit, the M is the motor will be act as Load. To spin the motor the current starts flowing 

through the circuit with switches Q3 and Q2 set high, to spin the motor in other direction 

switches Q1 and Q4 is set high. By this method, a motor’s spinning direction can be changed 

by switching respective diodes ON. If the diodes in same side is turned on it may cause short 

circuit of the battery leading to damage.  

This Project has 3 DC motors which needs to be connected with H bridges, after some online 

research the TB6612FNG Dual Motor Driver Carrier is chosen as it has capability of 

controlling two DC motors at the same time with two independent H bridges in one circuit 
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board. This driver operates from 4.5V to 13.5V supply to the motor with 3A current output per 

motor. This H bridge is MOSFET based which is efficient that the BJT based H bridges 

allowing to operate with high current output and less logic supply draw [21]. The driver is 

designed in a way that power connection can be made on one side and control connections in 

the other side as shown in Figure 29.  

 

Figure 29: TB6612FNG Dual Motor Driver Carrier [16] 

Initially all control pins are pulled low in the driver, each motor channels have two control pins 

and two speed control pin for each motor that is operated with PWM signal, the PWM input 

operates with the frequency up to 100 kHz. The STBY is standby pin which initially pulled 

low, driver is enabled when STBY pin is pulled high. This driver can also be used for running 

one bipolar stepper motor, the pins VCC needs to be connected to logic voltage 2.7V to 5.5V 

which is connected with the voltage regulator output 3.3V.  

5.1.7 Stepper Motor Driver Carrier 

To control the 3 stepper motors, it is required to have 3 stepper motor drivers. The stepper 

motor driver is also a H-bridge configuration which controls the motor by passing desired 

voltage through the motor windings. The stepper motor used for the project is bi-polar stepper 

motor that means motor has two windings to magnetize the core, so total of 4 wires (2 for each 

winding) comes as power cables shown in Figure 16. After online research A4988 stepper 

motor driver carrier was chosen to power the stepper motors. A4988 driver has 5 steps of 

operations: full-step, half-step, quarter-step, eighth-step, and sixteenth-step; in short, the driver 

allows a stepper to operate in micro steps. The operating voltage of the driver operates from 

8V to 35V and delivers 2A per coil.  

The VMOT will be connected to the 12V of the direct power supply, 1A/1B, 2A/2B are the 

motor winding wires that will supply voltage in a pulsating source. VDD/GND is the logic 

power supply of the circuit which is 3.3V from voltage regulator. STEP pin and DIR direction 

pin is connected to the microcontroller where STEP pin will be highs and lows value that will 
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power the motor windings accordingly. This step pin will be connected to PWM output of the 

microcontroller which also provides a pulsating highs and lows. DIR pin will change the 

direction of the stepper motor in the desired direction. 

 

Figure 30: Stepper motor driver [22] 

To enable the driver pins STEP and RESET are connected with each other as instructed by the 

manufacturer [22]. The stepper motor used in our project has 1.8° step revolution or rotation 

resolution, so 200 steps with 1.8° displacement will give one full revolution of the motor shaft. 

The step size is decided based on the PINs available on board namely MS1, MS2 and MS3. 

MS1 and MS3 has been pulled down with 100kΩ resistor and MS2 is pulled down with 50kΩ 

resistor, this way the driver is set to full step mode as shown in Figure 31.  

 

Figure 31: Step resolution of the Driver [22] 

To increase the performance of a stepper motor maximum rated voltage can be provided 

leading to high step rates and stepping torque but that also means the current in the coil will 

change rapidly after each step. To avoid this rapid increase of current passing through the coil 

a current limiter is required in the circuit before connecting to motor. The A4988 driver already 
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is equipped internally with a current limiter, and setting a desired current is very important as 

it varies based on different stepper motor types. To set the current limit of the driver the 

manufacturer has provided instructions which is explained per our stepper motor specification. 

As per the stepper motor specs 4.1.3 the rated current phase is 0.5A, that means current limit 

of 0.5A must be set to the motor driver.  

To check the current flowing through the motor wires we could use a multimeter between the 

wire and the driver. While measuring the current we could adjust the trimmer potentiometer 

placed on top of the driver as the driver is operating in full step mode, i.e. all MS pins set low 

or un connected. The manufacture indicates a 70% of current output is always provided instead 

of 100%, this is due to the operation of both coils in full step mode. For this driver, the formula 

to find the maximum current is as follows,  

I MAX = 
𝑉𝑟𝑒𝑓

8𝑋𝑅𝑐𝑠
 

Where Vref is the reference voltage and RCS is the current sense resistance. The board has a 

0.068Ω current sense resistor fitted on board, which makes more of adjustment in 

potentiometers range. To have a current limit of 0.5A we do the following  

Current after 70% output = 
0.5

0.7
 = 0.714A 

Vref = 0.714 × 8 × 68m Ω = 272mV = 0.27V 

Now with this above calculation the potentiometer is trimmed to get 0.27V which will be giving 

a limited current of 0.5A through the circuit.  The trimming of the stepper motor driver was 

done using a Multimeter and connecting it between the potentiometer and GND. The 

potentiometer itself is a metal surface, placing the multimeter on top of the potentiometer will 

provide the current passing through it.  
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Chapter 6 

6.1 Mechanical Production and Assembly  

6.1.1 Designing of the Center Cube 

                   

 

Figure 32: Center Cube section 1 

The Figure 32 shows center cube section that will house the 4 batteries in the battery slot with 

dimension 11.5mm X 24.5mm. The center cylindrical extension with a hole of 4mm for a depth 

of 2mm will hold the stepper motor screw with 3.54mm diameter. This hole for the screw is 

design 0.46mm bigger to help the screw rotate freely when the stepper motors are activated. 

This cylindrical extension is also used to add dead weights like nuts if required. The height of 

the cylindrical extension in 20mm which will support the 50mm stepper motor screw.  

The cut slots in the center cube is used to allow the wires from the electronics to its desired 

connections, like motor wires and stepper motor wires. These slots also allow the battery wires 

to connect with their circuit pins. Each slot is calibrated accordingly to allow the battery pins 

to the adjacent circuit pins. In the bottom 4 corners the screw hole attachment will allow the 

two cubes to be fastened together, they are compatible for 3mm screws and this half of the 

center cube is attached with the next half on center cube shown in Figure 33. 
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Figure 33: Center cube section 2 

The second half of the center cube houses 3 DC motors with the help of motor plate, 2.5mm 

screws are used to fasten the motor to the center cube. The 3-D printed parts are not accurate 

in following a circular dimension, they are produces with 0.5~0.2 mm irregularity. So, a 2.5mm 

hole should be produced around 2.3mm diameter which allows to screw the 2.5mm screw 

creating an internal threading in the printed part. This created threading will act as a nut and 

helps in fastening the screws every time it is used.  

 

Figure 34: Slots for experimental board inside the center cube 

The interior of the center cube is to house the experimental boards. These experimental boards 

will be used to solder the microcontroller, Wi-Fi, voltage regulator, Inertial Measurement Unit, 

DC motor dual drivers and stepper motor drivers. In design, there are three slots are made 

which later can be neglected if not needed. The slot dimension is 2.5mm whereas the 

experimental board thickness is 2.3mm, this offset will help in easy movement of board through 

the slot. The distance between the top and bottom slot is 25mm, which should be enough to 

allow the wire connections between these slots.  
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6.1.2 Designing of the battery and stepper motor attachment 

The battery attachment is designed to be easily removable without any screw attachments so 

that the batteries can be removed without at hustle. The design is a simple cover that will hold 

two batteries together and constrain the stepper motor in its place.  

                

 

Figure 35: Top Attachment for battery and stepper motor 

The top axial attach depends on friction in the point of contact and pressure from the sphere to 

hold its position. The slot for stepper motor screw is at the top middle of the design and the top 

corners of the design has 4 holes to add extra dead weights to it, the hole dimension is 5mm. 

After designing all the required support structure, it is time to assemble them with proper 

constraints. These constrains will act as a refence while doing the physical assembly. The 

assembled CAD design model with the project components is shown in the Figure 36. 
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Figure 36: Assembled CAD model designed using Autodesk Inventor 2016 
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6.2 Assembly of Produced components 

6.2.1 Reaction Wheel and Motor Assembly  

The Parts were manufactured using a Makerbot replicator 2X 3D printer as shown in Figure 

38, all the parts required for the project is 3D printed with Acrylonitrile butadiene styrene 

(ABS) plastic. As mentioned earlier in the report the designing was made based on plug and 

play methodology, design has very less number of screws and bolts. The motor setup is shown 

in Figure 37 where the motor is screwed to the motor plate with 2 screws and washers.  

 

Figure 37: Motor with motor plate and reaction wheel 

The designs center cube can be split into two equal halves, Figure 37shows the assembly of all 

three motors with its concern reaction wheels. The motor plate also connects the two center 

cubs together when fastened with screws and bolts. As seen the Figure 37 the 3D printed parts 

are not smooth and good looking, the reason behind this is the production method of 3D 

printers. A 3D printed is mainly a machine that melts plastic filament and makes desired 

structure, it’s a bottom up process where the extruder controlled by 3 stepper motors will guide 

the filament extrusion on top of a heat plate. While doing this, if the design come across a 

floating a structure or a structure with cantilever attachments then a dummy thin layer of 

supports is made until the cantilever structure is reached. The straight lines that are seen in the 

Figure 39 is the end of supports that occurred during the manufacturing process.  

There is no such way to stop printing of these structures as it is a part of manufacturing 

procedure shown in Figure 39, but there are few ways with which these un-uniformities can be 
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fixed. Filing is a simple method to smoothen the surface of the structure with ugly looking 

supports but in this design filing was difficult to reach small closed areas, the next method is 

to do Acetone smoothing. It is an organic solvent that has properties to etch the ABS plastic if 

exposed to its gas or vapor.  Acetone is also a volatile liquid which helps in easy vapor 

formation around whole structure of printed part.  

 

Figure 38: 3D printer from Makerbot 

The Figure 39 is the software preview of how a part will be printed by the 3D printer and as 

the figure shows every part hanging from its main structure needs a numerous support lines to 

hold it high. There is also a thick sheet layer at the bottom of the structure, it is called as raft. 

The raft helps the structure to be easily removable from the hot plate of the 3 D printer. The 

printed supports are easily breakable with hand or with some tools. The problem is the remains 

left behind by the supports that are giving few millimeters of extra plastic stuck around.  

 

Figure 39: 3D printer preview with supports 

6.2.2 Assembling of batteries with its cover  

The project uses 6 batteries and 2 of them is placed in one side of the cube. The batteries are 

secure with a top cover, the top cover has facilities to fix extra dead weights in the means of 
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screws and bolts. The stepper motor is also fixed in between the batteries and sandwiched 

between the top cover as shown in figure 36. The stepper motor screws are fixed in a way so it 

can spin with less friction and doesn’t disturb the attachment of batteries and top cover. It is 

very important to note the fact that there is no physical stopper for the stepper motors, it is 

recommended to note the end points of the printed top cover. The movement of stepper motor 

is possible between 40 - 45mm. without touching or disturbing any walls (Figure 40).  

 

Figure 40: Stepper motor connection with batteries and top cover 

The battery attachment is made using cushion tapes to give it a bit of friction, also the top cover 

holds the battery in its positioning so it doesn’t move.   

6.2.3 Electrical Circuit making  

As the section 5.1 explained about all the electronic components available it was time to fix all 

the components in a single functioning circuit. The center cube has slot facility for the 

Experimental board to slide in, there were two Experimental board layers used for to hold all 

the electronic components in place. The First Experimental board contains the microcontroller 

STM 32, Voltage regulator 3.3V and the Inertial Measurement unit. There is a main power 

switch attached to the wall of the Cube and the switch is between direct battery supply and the 

voltage regulator. The Figure 41 shows the top Experimental board attachment, the battery wire 

connections also close to the microcontroller and the bottom side of the Experimental board 

has the voltage regulator.  
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Figure 41: Top Experimental board attachment 

The second layer of the Experimental board holds all the drivers for the DC motors and the 

stepper motors with the Wi-Fi module. All the electrical components in the second 

Experimental board are in similar size as shown Figure 42. 

 

Figure 42: Bottom Experimental board with 3 stepper motor drivers, dual motor driver with Wi-Fi module 

The following will be the circuit connections based on the STM 32 pin outs, in this STM 32 

M4 mini there are total 11 PWM output pins available by default, 2 I2C pins, 2 UART pin sets 

and 1 CAN pin set, while remaining are General Purpose Input Output pins. For easy 

understandability, the pin circuit lines are color coded and captioned as shown in Figure 43. 

The Figure 43 shows all the electrical components that are used in building the circuit; except 

the batteries. The most common color coding is used for the power supply that is red and black, 

the voltage of that specific power input is specified next to every connection points. The green 

lines used in the circuit always denotes the PWM (Pulse Width Modulation) pins. For this 
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project, there are total 6 PWM connections used in which 3 is for the DC motors and 3 for the 

stepper motors. These PWM pins are connected to the respective driver input points as shown 

in Figure 43. The yellow lines from the stepper motor driver denotes the direction pins, initially 

the pins are set to low output. For the direction change of the DC motor the pins named 

AIN1/AIN2 is connected to the microcontroller which is shown in purple lines in the Figure 

43. The IMU is connected to the I2C bus ports of PB10 and PB11, the Wi-Fi module is 

connected to pins PB7 and PB6 which are the UART ports of the STM 32 microcontroller. 

From the Stepper motor driver pins 1A/1B and 2A/2B they are connected to the stepper motor 

wires colored with red/red-white and green/green-white. These wires are soldered directly to 

the motor driver so that they remain unchanged. In the stepper motor driver, the pins RESET 

and SLEEP are connected as it is recommended by the manufacturer [22]. After making all 

connections the circuit was tested for short circuits or wrong attachments using a multimeter. 

Once after all connections are tested the DC motors and stepper motors are connected to its 

respective ports.  
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Figure 43: Circuit Connections and Schematics 
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6.2.4 Final Assembly and Adjustments  

 

Figure 44: Final Assembled design 

As shown in Figure 44, it is the final assembled floating satellite. The components are fixed, 

connections are made and the everything is placed inside the sphere and locked firmly. There 

are only 13 screws used in the design to hold everything together and to access the center cube 

only 5 of them should be removed. The batteries and stepper motors are hold in place with the 

help of pressure from the sphere.  

Extra dead weights are fixed after the best-balanced CG position. These dead weights can be 

added and removed on requirement. There is a small sponge attached to the top of the battery 

cover, it is to provide a bit of cushion between the printed parts and the sphere. Problems were 

noted when the sphere was directly attached it tends to deform the sphere by few millimeters. 

This deformation is not noted when the air bearing is operating with full open air flow, but 

when the air flow is reduced the deformed sphere gets frictions on movement. The connections 

to every stepper motor and DC motor are numbered based on the Pin-Outs as shown in Figure 
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43. The stepper motor wires contain 4 different wires respectively. The wires from the center 

cube matches only one stepper motor wire set, they are arranged and attached accordingly. The 

battery connections are made to its respective pins, but it is very important to note that the 

battery wire should always have red wire as top connection. Any change in this wire could 

cause short circuit leading to battery damage or burnt wires.  

To charge the batteries there are two-point connection available, one point is the balance charge 

point where there are five pins available and the second point is the two-pin full voltage output. 

The five-pin connection has each cell voltage and it is recommended to measure the positive 

and negative output for first time charging. A mini-USB connection slot is available in the cube 

which will help in flashing the microcontroller, connect the wire slowly as there is a battery 

connection pin stands next to it. The first 3 seconds of USB connection enables the bootloader 

mode for STM32 m4 mini, connect with the bootloader software in this time gap or else it is 

necessary to reset the board with the rest button. The reset button is hard to access as it is placed 

deeper inside the center cube. Any longer pins used to reset must be nonconductive to avoid 

short circuiting.  

When all components and connections are made, then center-cube is fastened with 4 screws at 

the corner edges of each cube side. This finalizes the FloatSat assembly and it is ready for 

operation.  
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Chapter 7 

7.1 Run-Time Calculation 
To determine the run-time of the FloatSat there were some assumptions made.  

Assumptions  

 DC motors running at full power 

 Stepper motors considered to be stationary  

 All electronic components combined has very less power consumption 

With these assumptions, it is possible to find the minimum run-time of the FLOATSAT. 

Available battery capacity is 1500mah and as it is a Lithum-Polymer battery the depth of 

discharge is 80%, the current available for discharge is 1200mah. Before calculating the 

minimum run time the standby power consumption is calculated by connecting the 

FLOATSAT to an external DC power supply.  

 

Figure 45: Standby power consumption 

Standby Run-Time = 
1.5𝐴ℎ

0.05𝐴
 = 30 hours.  

The standby time of the satellite is around 30 hours before required for charging. Next 

Testing is to check the run time when the 3 DC motors are running at full speed.  
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Figure 46: DC motors running at full speed, 1.4Ah current consumed. 

Figure 46 shows the power consumed by the satellite by operating 3 DC motors at full speed. 

The power consumed is 1.4A and with this minimum run time of the satellite is calculated 

below,  

Minimum Run-Time = 
1.5𝐴ℎ

1.45𝐴
 = 62.02 minutes.  

The minimum operation time of the satellite is 62.02 minutes. The charging time of the batteries 

are approximately 18 minutes depending on the charging current. The charging of this battery 

is done with a Li-Po charger where balance charging is used. The balanced charging provides 

with equal voltage distribution of each cells preserving its life cycle.   
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Chapter 8 

8.1 Mechanical Testing  
To perform the mechanical testing, a set C++ codes were written using RODOS Operating 

System and flashed in to the microcontroller. The testing results produced in the results are 

visual based as the Attitude and Heading Reference System (AHRS) in the FloatSat was not 

yet implemented. The results are not to provide a scientific data but to realize the functioning 

of FloatSat for the future. The first testing is to run the reaction wheel at any one axis and 

record the reactions of the sphere. For this testing the duty cycle or the PWM output was set to 

maximum for 15 seconds and number of rotation performed by FloatSat is counted.  

DC3.write(1000); 
AT(NOW()+15*SECONDS); 

DC3.write(0); 

The FloatSat completed 3 full rotation in the respective axis of reaction wheel, but the full 

speed rotation of reaction wheel was not only spinning the FloatSat, it was also building up the 

angular momentum. As the above codes show the motor is cut off immediately after 15 

seconds. At this moment, FloatSat without being influenced by any external or internal forces, 

started spinning in the opposite direction releasing the built up angular momentum. This 

rotation proved that the reaction wheel can produce enough angular momentum to rotate the 

FloatSat.   

The next mechanical testing is for the movable center of gravity of the FloatSat. For this test 

the stepper motor in one axis is moved to its maximum extents towards and away from center 

of the structure. Before giving the PWM commends it is necessary to enable the stepper motor 

driver.  

EN1.init(true, 1, 0); 
AT(NOW()+10*SECONDS); 
DS1.setPins(1); 
Motor1.write(10); 
AT(NOW()+2.6*SECONDS); 
Motor1.write(0); 
EN1.init(true, 1, 1); 
 
EN1.init(true, 1, 0); 
AT(NOW()+1*SECONDS); 
DS1.setPins(0); 
Motor1.write(10); 

AT(NOW()+4.6*SECONDS); 
Motor1.write(0); 
EN1.init(true, 1, 1); 
 
 
EN1.init(true, 1, 0); 
AT(NOW()+1*SECONDS); 
DS1.setPins(1); 
Motor1.write(10); 
AT(NOW()+2*SECONDS); 
Motor1.write(0); 
EN1.init(true, 1, 1); 

 

 

/*Stepper motor is 
operated for 2.6seconds in 

one direction */ 

/*Stepper motor is 
operated for 4.6seconds in 

the opposite direction */ 

/*Stepper motor is 

operated for 2 seconds to 

return to its original 
position */ 
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The Figure 47 shows the standby mode of the FloatSat on the air bearing test bed without any 

external influence. The joining point of the transparent sphere is taken as the reference line to 

calculate change in angle.  

 

Figure 47: FloatSat in Standby mode 

As the stepper motor moves away from the center it was noted that sphere leans to the direction 

of stepper motor as shown in Figure 48. Here it is noted that the change in angle of that axis is 

60º approximately.  

 

Figure 48: stepper motor in the left extent 

Now moving the stepper motor towards the center and the resulting image is shown Figure 49. 

Here it is noted that the change in angle is around 60º approximately in the other direction. 



 

53 

 

Figure 49: Stepper motor to the right extent 

By comparing the images, it can be concluded that, changing the stepper motor’s location the 

FloatSat can be manipulated about ±60º.  

It is important to note that when the stepper motor is given a PWM signal for 1.5 seconds the 

motor displacement is about 5mm approximately. As the stepper motor, doesn’t have any 

position feedback system the Duty cycle time should be counted to know its positon. The motor 

must be restricted at point before it hits the walls because of the stepper motor’s high torque 

capability it could damage the sphere or the 3-D printed structure.  

To determine the Center of Mass (COM) that displaced during the mechanical testing, the 

components in one axis is referred. After the final assembly of the FloatSat the components 

available in the axis are stated below  

 Reaction Wheel: 65g 

 DC motor:  107g 

 Stepper motor:  45g 

 2 Batteries:   40g 

 Dead weights:  64g 

 Supporting structure: 20g 

The weights arranged in an axis as per their distance from center of origin is shown Figure 50. 

The distance shown in the figure is obtained from the CAD model to have easy understanding. 

To check the displacement in center of mass the following equation is used  

M1R1 = M2R2 
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Figure 50: Center of Mass due to weight distribution 

The combined mass of reaction wheel and DC motor is to the left side of the figure and the 

combined mass of stepper motors, 2 batteries, dead weights and supporting structure is to the 

right side of the figure. This is the standby mode of FloatSat where all the components are 

balanced, when the stepper motor moves to the maximum extent we know the provided duty 

cycle of PWM output is for 2.6 second. And as mentioned earlier for every 1.5 seconds of 

PWM output the stepper motor moves 5mm so for 2.6 second stepper motor moves 8.6mm. 

The displacement of center of mass with respect to the movement of stepper motor is 8.6mm, 

this conclusion was made based on the already balanced structure of FloatSat.  

It is very important to verify the results provided in this section with the AHRS output when 

implemented. Due to the time constrain of the thesis the AHRS implementation was not 

possible.  
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Chapter 9 

9.1 Future Work and Recommendations  
The next step in this project will be to implement Attitude Control System with the help of 

IMU installed in the design. The project is not used to its potential until control algorithms are 

implemented, this project is tested only for its component operations and then tested for its 

mechanical objectives. All components work good and the objective to perform attitude control 

of the FloatSat is proved possible with the mechanical testing. The next possible development 

must be in programing the microcontroller to operate the FloatSat with Telecommands 

provided through the Wi-Fi module.  

The Mechanical Results provided are only visual based, when an Attitude and Heading 

Reference System (AHRS) is implemented for the better and exact measurement it will help in 

recording the performance of FloatSat. The change in angle due to the change in center of mass 

while stepper motor movement can be quantitively recorded with the help of IMU after AHRS 

implementation.  

In mere future, the design of the FloatSat could be changed or altered by adding more features 

to it. In the beginning of this project, it has been mentioned that parts provided based on their 

popularity in various projects of Informatik VIII. To point out the DC motors has been used in 

various other projects conducted by the Department of informatics VIII and due to their 

popularity, it was provided also for this project. The motors are huge, heavy and has no easy 

attachment facilities, the DC motors can be replaced by a different type of motors which is 

more compact and has enough torque to rotate the FloatSat.  

During the designing stage, it was mentioned that the AutoDesk Inventor had problems in 

calculating center of Gravity. The design had to be modified after it was manufactured to 

balance the CG in center. This modification includes adding extra weight to its opposite side 

of the reaction wheels. These extra weights can be removed, measured and instead of them a 

capacity increased battery can be used. This high capacity battery should be able to balance the 

CG at the same time should also provide more run time for the FloatSat.  

While working with the linear actuating stepper motor the screw length used by it had 100mm. 

These screws are specific for this stepper motors and it wasn’t easy to find a replacement. 

Unfortunately, one of the screws went missing and was left with 2 full length screw and 3 
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stepper motors. Due to the budget reasons, adjustment had to be made with the available setup 

which led to cutting of available screws to half (50mm). This dimension changes constrain the 

stepper motor operation by half, which limits the CG balancing in the FloatSat to half of its 

extent. In future when new stepper motors are purchased the design could be redone to get 

extended CG displacement function through the stepper motors.  

From the final design, the stepper motors operate without any support to a fixed object. A 

support structure can be made to guide the stepper motor and stop it from rotating instead of 

moving. This rotation causes loss of motion and duty cycle calculation changes. It is suggested 

to add a switch at the ends of stepper motor operation points that allows to get a feedback while 

the stepper motors reach their extent points.  

The center cube consists of all electronic components but these components are manually 

soldered and connections are made using attachment pins. This increased a lot of complication 

in connections and made a mess inside the cube. It is suggested to design an PCB with all the 

components for the FloatSat which will reduce unwanted connection pins and gives more space 

for new component assembly.  

The structure is designed to fit inside the transparent sphere of 198mm as diameter. To provide 

a cushion between the point of contact of sphere and the parts, it is recommended to use rubber 

cushions as they are more durable and standard method of cushioning.  

The STM 32 F4 microcontroller has 3 LEDs but it is not visible when lit due to its positioning 

inside the center cube. It is recommended to make a new LED output from the unused pin of 

STM 32 F4 to have better monitoring. There is no low voltage indicator available in the design. 

This could cause batteries to discharge below their limit causing permanent battery damage. 

To avoid this external battery monitoring circuit can be used to indicate low battery status 

where it should trigger a light indicator or a beeper. Due to time constrain the low battery 

indicator was not integrated to the design but it’s the most priority modification for the future 

work.   
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Chapter 10  

10.1 Conclusion  
The objective of this thesis is to Design, Fabricate and Model a Three Axis Floating Satellite 

Simulator that is operated on an air bearing stand which uses compressed air flow to give a 

zero-friction test platform. The floating of a satellite model on the air bearing is the reason to 

call this satellite type as FloatSat. The satellite simulator is housed inside a 200mm diameter 

transparent sphere that also provide an air tight shielding to the satellite simulator.  

The FloatSat allows to be operated with 3 Degrees of Freedom (DOF) in Pitch, Roll and Yaw 

axes. There is no physical constrain or frictional force in movements of the satellite operating 

on the air bearing. This provides as a great platform for 3 axis Attitude Control testing platform 

for satellites. With some additional payloads, for example cameras, sensors, lights, magnets 

etc. this FloatSat can be used in different space related applications. Due to the addition of 

movable center of gravity, this simulator supports various payloads to be added and removed 

without any change in the design. In future, the new version of 3-axis FloatSat will be able to 

house different payloads and simulate the functions of a real earth satellites.  

To conclude with, it is proven possible to design a 3-axis satellite simulator within a small sized 

sphere and It is the first of its kind satellite simulator that has been completed and documented 

successfully.  
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Appendices 
 

Programmed codes  
 
 
#include "rodos.h" 
#include <stdio.h> 
#include "hal.h" 
#include "math.h" 
 
static Application module01("Template", 2001); 
 
#define LEDY GPIO_044 
#define LEDR GPIO_045 
HAL_PWM Motor1(PWM_IDX05); 
HAL_PWM Motor2(PWM_IDX06); 
HAL_PWM Motor3(PWM_IDX07); 
HAL_PWM DC1(PWM_IDX04); 
HAL_PWM DC2(PWM_IDX10); 
HAL_PWM DC3(PWM_IDX11); 
 
HAL_GPIO DS1(GPIO_032); 
HAL_GPIO DS2(GPIO_028); 
HAL_GPIO DS3(GPIO_033); 
 
HAL_GPIO EN2(GPIO_014); 
HAL_GPIO EN3(GPIO_013); 
HAL_GPIO EN1(GPIO_036); 
 
HAL_GPIO HBRIDGE1_EN(GPIO_006); 
HAL_GPIO HBRIDGE2_EN(GPIO_007); 
 
HAL_GPIO DCM1_AIN1(GPIO_005); 
HAL_GPIO DCM1_AIN2(GPIO_004); 
 
HAL_GPIO DCM2_AIN1(GPIO_031); 
HAL_GPIO DCM2_AIN2(GPIO_030); 
 
HAL_GPIO DCM3_AIN1(GPIO_043); 
HAL_GPIO DCM3_AIN2(GPIO_042); 
 
HAL_GPIO ledy(LEDY); 
HAL_GPIO ledr(LEDR); 
 
/*#define WIFI_UART UART_IDX1*/ 
#define USB_UART UART_IDX3 
 
#define IMU_I2C I2C_IDX2 
 
HAL_UART WIFI(UART_IDX1); 
 
struct SensorData{ 
 
}; 
 
Topic<SensorData> SensorDataTopic(-1, "Sensor Data"); 
CommBuffer<SensorData> SensorDataBuffer; 
Subscriber SensorDataSubscriber(SensorDataTopic, SensorDataBuffer); 
 
 
class Telemetry: public Thread { 
 
public: 
 
 Telemetry(const char* name) : Thread(name) { 
 } 
 
 void init() { 
 
  DS1.init(true, 1, 0); 
  DS2.init(true, 1, 0); 
  DS3.init(true, 1, 0); 
 
   
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
EN1.init(true, 1, 1); 
EN2.init(true, 1, 1); 
   
 
EN3.init(true, 1, 1); 
 
ledy.init(true, 1, 1); 
ledr.init(true, 1, 1); 
 
Motor1.init(500, 1000); 
Motor2.init(500, 1000); 
Motor3.init(500, 1000); 
 
DC1.init(500, 1000); 
DCM1_AIN1.init(true, 1, 0); 
DCM1_AIN2.init(true, 1, 1); 
 
DC2.init(500, 1000); 
DCM2_AIN1.init(true, 1, 0); 
DCM2_AIN2.init(true, 1, 1); 
 
DC3.init(500, 1000); 
DCM3_AIN1.init(true, 1, 0); 
DCM3_AIN2.init(true, 1, 1); 
 
HBRIDGE1_EN.init(true, 1, 1); 
HBRIDGE2_EN.init(true, 1, 1); 
 
WIFI.init(115200); 
 
} 
 
void run() { 
int i; 
 
while(1){ 
 
DC1.write(1000); 
DC2.write(1000); 
DC3.write(1000); 
AT(5*SECONDS); 
DC1.write(0); 
DC2.write(0); 
DC3.write(0); 

EN1.init(true, 1, 0); 
AT(NOW()+10*SECONDS); 
DS1.setPins(1); 
Motor1.write(10); 
AT(NOW()+2.8*SECONDS); 
Motor1.write(0); 
EN1.init(true, 1, 1); 

EN2.init(true, 1, 0); 
AT(NOW()+10*SECONDS); 
DS2.setPins(1); 
Motor1.write(10); 
AT(NOW()+2.8*SECONDS); 
Motor1.write(0); 
EN2.init(true, 1, 1); 

EN3.init(true, 1, 0); 
AT(NOW()+10*SECONDS); 
DS3.setPins(1); 
Motor1.write(10); 
AT(NOW()+2.8*SECONDS); 
Motor1.write(0); 
EN3.init(true, 1, 1); 

ledr.setPins(~(ledr.readPins())); 
ledy.setPins(~(ledy.readPins())); 
} 
} 
}; 
Telemetry Telemetry("Telemetry"); 
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A.1 Different types of spherical air bearing 

 

A.2 DC motor Specifications 

Gear ratio:                 1:12 

Free-run speed @ 6V: 5500 rpm3 

Free-run current @ 6V: 250 mA3 

Stall current @ 6V:                 2500 mA3 

Stall torque @ 6V:                 2.5 oz·in3 

Free-run speed @ 12V: 11000 rpm 

Free-run current @ 12V: 300 mA 

Stall current @ 12V: 5000 mA 

Stall torque @ 12V: 5 oz·in 

Lead length:                 279.4 mm 
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A.3 Motor Performance Plot 

 

A.3 Stepper motor Specifications  

Rated current/phase 0.5 A Motor phase 2 

Resistance/phase 5.1 ±10%Ω Step angle 1.8 DEG 

Inductance/phase 1.5 ±20% mH Linear travel per 

step 

0.0061mm/step 

Rated voltage 2.5 V Lead screw 

diameter 

Φ3.5 mm 

Insulation resistance 100MΩ(500VDC) Lead screw lead 1.2192 mm 

Insulation class B Heat rise 80℃ 

Motor weight 0.05 kg   
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A.4 Battery connected for charging  

 

 A.5 STM 32 mini-M4 Specifications 

 

 

Architecture                  ARM (32-bit) 

MCU                             STM32F415RG 

MCU speed                 168MHz 

MCU Memory     1MB of Flash, 192+4KB of RAM 

On-board modules         3 x LEDs, 1 x Reset Button, USB 2.0 OTG connector 

Programming                 Comes preprogrammed with USB HID bootloader 

Key Features                 Supports CAN communication 

Integration                 Pin compatible with PIC16F887 and PIC18(L)F45K20 in DIP40 

packaging 

Power Supply                 5V (via USB) or 3.3V (via external source) 
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A.6 STM 32 circuit Schematics  
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A.7 Wi-Fi module Specifications  

Features: 

 802.11 b/g/n 

 Wi-Fi Direct (P2P), soft-AP 

 Integrated TCP/IP protocol stack 

 Integrated TR switch, balun, LNA, power amplifier and matching network 

 Integrated PLLs, regulators, DCXO and power management units 

 +19.5dBm output power in 802.11b mode 

 Power down leakage current of <10uA 

 1MB Flash Memory 

 Integrated low power 32-bit CPU could be used as application processor 

 SDIO 1.1 / 2.0, SPI, UART 

 STBC, 1×1 MIMO, 2×1 MIMO 

 A-MPDU & A-MSDU aggregation & 0.4ms guard interval 

 Wake up and transmit packets in < 2ms 

Standby power consumption of < 1.0mW (DTIM3) 

 

A.8 Inertial Measurement Unit Specifications  

Characteristics: 

 Absolute orientation (Euler vector, 100Hz) 3-axis orientation data on a 360 ° sphere 

 Absolute orientation (quaternion, 100Hz), 4-point quaternion output for more accurate 

data manipulation 

 Angular velocity vector (20Hz) 3-axis rotational speed in rad / s 

 Magnetic field strength vector (100Hz) 3-axis magnetic field measurement in micro-

Tesla (μT) 

 Linear acceleration vector (100Hz) 3-axis Linear acceleration (acceleration - gravitation) 

in m/s² 
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 Gravitation vector (100Hz) 3-axis gravitational acceleration (minus any motion) in m/s² 

 Temperature (1Hz) Ambient temperature in Celsius. 

     Technical details: 

 Dimensions: 20mm x 27mm x 4mm / 0.8 "x 1.1" x 0.2 " 

 I2C Address 0x28 (default) or 0x29 

 Weight: 3g  

 

A.9 DC motor Driver Schematics  
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A.10 Whorl I and Whorl II From section 2.1.4 

  

  Whorl I       Whorl II 

 

A.11 DC motor Wire color specification  

  

 

 

 

 

 

 

 

 

 

 

 

 

Color Function 

Red motor power (connects to one motor 

terminal) 

Black motor power (connects to the other 

motor terminal) 

Green encoder GND 

Blue encoder Vcc (3.5 – 20 V) 

Yellow encoder A output 

White encoder B output 
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A.12 FloatSat iterations 
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A.13 FACE-Facility for Attitude Control Experiments setup 
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A.13 FloatSat Fleet of Informatik VIII department  
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