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Design and mechatronic integration of a drone launcher
DANIEL VALERO BELTRA

Department of Electrical Engineering

Chalmers University of Technology

Abstract

This thesis is part of a drone launcher project developed by the Swedish Sea Rescue
Society (SSRS). The objective of the project is to have a fixed drone launcher that
could be installed next to the coast to be ready to send a drone anytime it is
needed. The drone will be used to monitor and to gather information during sea
rescue missions.

The upper capsule where the drone is installed and its launching mechanism have
already been designed, but this capsule needs to move to be able to make a success-
ful launch. There are three necessary movements that need to be implemented: a
vertical displacement to increase and reduce height, a rotation to establish the di-
rection of the launch and a pitch that modifies the angle with the ground, depending
on the wind.

To fulfil these requirements, different types of mechanisms were designed in this
thesis. They were analysed to test their viability and, once one is chosen, a working
prototype was built based on it. The control system implemented is based on a
Raspberry Pi and two motor controllers, used to control a linear actuator, a lifting
column and two DC motors. In order to control the position, encoders were used.
In the next iterations of the project, a communication platform between various
drone launchers needs to be implemented, also the mechanism for the capsule aper-
ture has to be designed, and it is possible to integrate solar cells for powering the
launcher.

Keywords: mechatronics, drone, launcher, linear actuator, control, Flask, Swedish
Sea Rescue Society.
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1

Introduction

1.1 Background

In the last years, an important growth on the number of developments focused on
drones has been experienced. With the maturity of these technologies new usages for
the drones have appeared and nowadays it is possible to see them in many different
tasks.

The Swedish Sea Rescue Society (SSRS) is an organization focused on search and
rescue missions all over Sweden. Since it does not receive any money from the
government, all the operations are financed by its members and they are possible
thanks to the work of the volunteers. Despite this fact, the society is responsible
for more than 70 percent of all sea rescues in Sweden, covering most of the rescues
except for the ones where another equipment, like a helicopter, is needed.

The intention of SSRS with this project is to increase their possibilities during sea
rescues by launching a drone before the arrival of the rescue team. The drone,
equipped with several sensors and a camera, could record a video that could be
broadcast to all the stations. With this video, the team could be capable of evalu-
ating in a more appropriate way the cause and urgency of the situation, and also be
able to monitor the whole operation from the air.

But the drone and its launcher can have other purposes than just being used in the
rescue missions. With a good design and presentation, they could also be used as
an advertisement for the organisation, helping to gather more donations, increasing
the number of volunteers and even showing the society the continuous innovations
done by their team to deliver a better service.

However, the idea of using drones for sea rescue is not new and it is just a result of
the proliferation of drones to different areas. In the scenario of sea rescue missions,
it makes sense to use drones because of their agility, autonomous behaviour and
capability to mount different sensors. Another critical point is the general acceptance
that they have in the society. A survey showed that 88 percent of civilian accept
the usage of drones in search and rescue missions [1].

In some countries, like Belgium, the Royal Military Academy developed a project
named ICARUS that gives robotic support for marine search and rescue operations.
In this programme the drones detect and track the victims before the arrival of
human workers, increasing the chances of survival [2]. This only proves the validity
of drones in this type of rescue missions.

Regarding the mechatronic integration of the launcher, it is possible to find some
resemblances with other projects like the solar tracking systems used in photovoltaic
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cells to obtain the maximum efficiency point. In this kind of projects, there is also a
tower with different movements to point the cells, and these movements are similar
to the ones that the launcher should be able to do. For these tracking systems,
usually DC motors are used to control the linear and rotation movements [3].
Other previous works have been developed for this drone launcher. Some examples
of them would be the development of a method to connect the drones via internet
instead of radio or the design of the launcher, including its new launch method
based on a sled. There is also a thesis where the design of the launcher is discussed,
offering three different possibilities and finally choosing one. The location for the
final installation is also considered, exposing positive and negative aspects of every
location. Additionally, the materials needed for every piece and the mechanisms
that can be used to make it move are debated too, and these conclusions will be
used in this thesis to complete the mechatronic integration. [4]

1.2 Purpose and scope

The main purpose of this thesis is to design, build and test a working prototype
of the launcher, including all the necessary mechanisms and sensors to provide the
movements needed for a successful launch under different conditions.

The thesis will focus on the design of the different mechanisms necessary to per-
form a successful launch, which are pitch, lifting and rotation. After the design is
completed and validated, the building of the prototype and the development of the
control system are included as part of the project. Furthermore, the control system
should be able to control the launcher from an external device, which includes the
development of a Human Machine Interface (HMI) to command it in an easier way.

1.3 Ethical and Sustainability Issues

The aim of this thesis is the mechatronic integration of the drone launcher, however,
the distinct parts involved in the project lead us to some ethical issues.

One of the examples of these ethical challenges is related with the usage of cameras,
whether they are installed on the launcher or the drone itself. Privacy has been
specially discussed in the last years because of the proliferation of different devices
with embedded cameras, and how the information obtained from them can affect
the privacy of the population. Including a camera should always come along with a
report where it explains the usage of all the information acquired and the cause of
its existence. In this case, it will help to detect the existence of any kind of danger
around before the launching operation, such as persons or animals, but there should
exist an indicator to show that the cameras are recording.

Another issue is related with the main function of the drone, which is helping in sea
rescues. Since it involves people’s lives, there is an important responsibility and not
failure should be allowed. All the mechanisms should be trustworthy, so the experts
can rely on them without caring about the conditions or the time elapsed since the
last usage. Also, every system should be fast and easy to deploy because time is a
very important factor in this type of rescues.
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Furthermore, sustainability issues must be taken into consideration, because the
drone launcher is intended to share spaces with humans, and also to work with
them.

Linked with sharing spaces is the fact that the launcher must be installed outside,
near the coast, which can have an impact on the environment. And not only because
it can be dangerous, but also because it affects visually the landscape. The visual
impact should not be underestimated and must be consequent with the surrounding
area, trying to integrate it visually, as well as taking care of the sounds that might
be emitted and the materials used.

The economical point of view is important too, especially in a society with no
government funding. Although a fast return of the money is not expected in this
project, the fact that it can improve the sea rescues by using the resources of the
society in a better way can mean a reduction of the costs in future operations.
Finally, the social aspects of this project are directly linked with the quality of the
sea rescues. If the drone manages to improve the reaction capacity of the Swedish
Sea Rescue Society and to offer a better service for everyone on the sea, it would
mean a step forward in this field.

1.4 Report structure

This thesis is divided in four parts. The first one, design, covers the conception of
different mechanism to move the launcher, and also an analysis of its viability and
component selection. The main focus of this part is to reflect the real design work,
based on modifications and iterations to arrive to the final solution, and also expose
the reasons behind these changes.

After that, in the control section, the control system developed is explained. After-
wards, the results of the real prototype are shown in the results part, and finally, in
the conclusion, the disadvantages and the recommended improvements for further
stages of the project are indicated.
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Design

2.1 Movement requirements

2.1.1 Pitch

Depending on the wind force and direction, the launcher should be able to calculate
the most convenient pitch angle to launch the drone. On the standby position, the
capsule must remain perpendicular to the floor.

Regarding the speed, it should be higher than 3 °/s, meaning that it can move 90°
in 30 seconds.

2.1.2 Rotation

As in the pitch movement, the launcher needs to rotate to point to the most appro-
priate direction depending on the wind. The movement needs to cover a full rotation
of 360°, not only to face the launch direction, but also to protect the drone from
external threats such as the sun or the wind. A movement where the launcher fol-
lows the position of a person when they look at it can also be studied for marketing
purposes.

The necessary speed should be around 6 °/s so it can rotate completely in one
minute.

2.1.3 Lift

Based on previous tests and prototypes, the capsule containing the drone should
remain 1,2 m above the floor when it is in the standby position. When it is in this
state, the drone can be shown to the people nearby and the launcher can also be
used for advertisement.

During the launch, the capsule should remain a minimum of 2,4 m above the floor
to assure that no one can reach the upper part, leading to a dangerous situation.
The elapsed time to extend the column should be less than a minute, meaning that
the speed should be around 20 mm/s.

Finally, the column should be able to lift 1000 N and support a minimum momentum
of 1000 Nm.
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2.1.4 Speed consideration

For every different movement, the speed requirements have been specified, however,
the final speed will depend on the slowest movement. Consequently, it is possible to
choose slower movements that the listed if they move and finish at the same time as
the slowest one. Nonetheless all the movements must be finished before one minute,
because speed is a critical factor for the launcher to be useful.

2.2 Worm gearbox mechanism

2.2.1 Working principle

This mechanism is based on the usage of DC motor and gearboxes to provide the
movement. Since the nominal torque of these motors is not very high, gearboxes
need to be included to fulfil the requirements. This design was developed by a former
master student, Filip Svalander.

Figure 2.1: Isometric view of the worm gearbox launcher, designed with Onshape.

2.2.1.1 Pitch

The pitch movement is achieved with a worm gearbox, where the capsule is attached
to it. The worm gearbox is powered by a DC motor attached to a gearbox on the
back part. The horizontal axis is supported by two columns on both sides, with a
bearing inside each column.

6
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(a) Back view (b) Left view

Figure 2.2: Worm gearbox launcher pitch mechanism.

2.2.1.2 Rotation

The rotation is provided by another DC motor and a gearbox. The output of the
gearbox is attached to a gear, connected to a bigger gear using a belt. This bigger
gear is mounted on the base of a rotation platform linked with its upper part as well.
In between these two platforms there is a bearing that makes possible the rotation
movement. The inner part of the bearing is attached to the base and the upper
platforms and the exterior is mounted on an intermediate platform.

(a) Isometric view (b) Section view

Figure 2.3: Worm gearbox launcher rotation mechanism.

2.2.1.3 Lift

A commercial lifting column can be used to lift the capsule. It will provide better
results than designing a specific column for the prototype because it is a standard
technology widely used in industrial environments.

2.2.1.4 Launch

This is the only part of the project that has been built and tested. It consists on
a Siboni DC motor that transmits the movement to a platform using a belt. This

7
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platform carries the drone and slides along two rails to launch it. The platform is
stopped using an elastic rope attached to the back part.

Figure 2.4: Launch capsule.

2.2.2 Component selection

2.2.2.1 Pitch motor and gearbox

For the calculation of the pitch motor, two assumptions will be made:

« Mass of the capsule (mcapsute) is 100 kg.

o Centre of mass (dyass) is at 0,6 m.
These two assumptions are higher than the expected final result. The weight of the
capsule is expected to be reduced to 70 kg and most of the weight is located on the
back, meaning that the distance to the centre of mass would be shorter. The reason
to calculate with these numbers is to add a safety factor to the components.

Mrequired = Mecapsule * dmass g = 100 - 07 6 - 97 81 = 5887 6 Nm (21)

The worm gearbox selected is Hydro-Mec Worm gearbox B 110 FB 53,00 C D -M
V5.
Hydro-Mec Worm gearbox B 110 FB 53,00 C D -M V5 technical specifications:

e Output torque: Myorm o = 620 N.

o Gear ratio: iyerm = 93.

Mworm (0] 2
Mypgprm § = —2orm o — 65?? = 11,89 Nm (2.2)

Zworm

The motors that have already been pre-selected are Maxon DC motors from the
RE program. To not alter the previous design, a motor from that program will
be selected. Most of the alternatives have similar specifications and prices, for that
reason, the 24 V is selected. This motor is consistent with the rest of the components
because they all operate under 24 V, which can help to simplify the installation not
having to transform different voltages. The motor selected is Maxon RE40 148867.
Maxon RE40 148867 technical specifications:
o Nominal speed: nyetor = 6940 rpm.
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e Nominal torque: Myotor = 0,177 Nm.

. Mworm ) 117 89
Ipgearbox — -
P ’ Mmotor Oa ]-77

The closest gearbox compatible with the motor is Maxon 203122.
Maxon 203122 technical specifications:

o Gear ratio: ip gearbox = 66.
Using this configuration, the final pitch specifications are:

= 67,17 (2.3)

Myorm f= Mmotor - Z‘p gearbox * lworm = 0,177 -66 - 53 = 619, 15 Nm (24)

The final torque is above the required torque (619,15 Nm > 588,6 Nm).
To determine if the speed is enough, the time required is:

Nomotor 6940
Voiten = ; » = =1,98 =11,9° 2.5
piteh (2% gearbox * Lworm 66 - 53 rpm /8 ( )
90 90
Thiten 90 = 37— = 7775 = 156 2.6
el %0 Vpiten 11,9 5 (2.6)

The time required is acceptable for the operation of launching the drone.

2.2.2.2 Rotation motor and gearbox

As in the previous case, there are two assumptions used for the calculation:

» Mass of the capsule (mcapsute) is 100 kg.

o Measures of the capsule are 1,4 x 1,4 x 0,22 m.

o Rotation of the capsule is centred on the column.
For the same reasons as in the pitch calculation, a Maxon DC 24 V from the RE
program is tested. Since there is only one 24 V motor in this program, the motor
selected is the same that in the pitch movement (Maxon RE40 148867).
All the Maxon gearbox compatible with this motor have a maximum torque input
of 15 Nm.

. Mmamgearboz 15
rgearbox = = = 84, 745 2.7
Prgeart Mmotor 07 177 ( )

The closest gearbox compatible with the motor is Maxon 203124.
Maxon 203124 technical specifications:
o Gear ratio: iy gearbox = 81.
Based on the sizes of the gears from the rotation mechanism, its gear ratio is 5.
With all the gear ratios, the final torque and speed can be calculated:

Mf = Mmotor ' Z.rgearbox ' Z-beltgeows = 07 177-81-5= 717 685 Nm (28)

motor 6940 o
Tmot = P = 17,136 rpm = 1,794 rad/s = 102,814 °/s

(2.9)

V;‘otation = :
Ur gearbox * Ubelt gears 81 -
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To calculate the moment of inertia of the capsule that contains the drone, it can be
approximated as a rectangular prism that rotates along its centre.

1 100
Leapsute = 75 + 100 (1? +w?) = ST (1,42 +0,22%) = 16,736 kg -m*>  (2.10)

Using the torque and the inertia, it is possible to calculate the angular acceleration
and the time to reach the nominal speed:

Mf = [capsule * Omagx (211)
71,685 = 16, 736 - aumas

Qmae = 4,283 rad/s?
Which means that the nominal speed can be reached in:

1,794
4,283

Trotation = =0,41 s (2.12)
It is not necessary to reach the acceleration of 4,283 rad/s?, which means that the
torque is higher than necessary. However, taking into account that no frictions have
been calculated and the small difference in price by choosing a smaller motor, it is
recommended to select the listed components.

The final speed of 102,814 °/s is too fast, but it can be controlled using a motor
controller.

2.2.2.3 Lifting column

X2 Technology is a lifting column supplier that can provide a commercial column
inside the specifications. Among their catalogue, the most appropriate option for
the launcher is the DB model. However, the height requirements are not standard,
and they have to be personalised for this application. It is powered using 24 V, it
requires 6 A and it can lift 2000 N.

2.2.3 Motor controllers

2.2.3.1 Current necessary to launch the motor

The motor that is going to be used for launching the drone is already selected
and installed. For that reason, it is important to know how much current it will
need during its operation in order to select the motor controller that fulfils the
requirements.
The calculation will be based on four assumptions:

e Drone weight is 0,5 kg.

o Sled weight is 1,5 kg.

o Final launch speed (Vg) is 10,5 m/s.

10
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o Launch distance (djaunen) is 1,1. The total length is 1,37 m but only 1,1 m are
useful due the size of the sled.
First, it is necessary to calculate the acceleration to launch the drone, based on the
final speed and the distance available:

Vi=V§=2-a- dqunen (2.13)
10,52 —0=2-a-1,1
a = 50,1136 m/s?

Then, it is possible to estimate the time, force and work necessary using the final
speed, the mass and the distance:

Vi 10,5
Taunc = = = 0, 21 2.14
launch = = " = 50 1136 s (2.14)
Flownch = Marone steq - @ = 2 - 50,1136 = 100,22 N (2.15)
I/Vlaunch = Eaunch : dlaunch = 1007 22 - 17 1= 1107 24 J (216)
The power can be measured
Wigune 110,24
Pounch = ——2nch — =525 W (2.17)

T‘launch Oa 21

And finally, the current can be defined using Ohm’s law, knowing that the motor is
powered with 24 V.

Plaunch 925
=— =218 A 2.18
Waunch 24 ’ ( )

]launch =

2.2.3.2 Commercial motor controllers

Motor controllers can have big differences in their price depending on the current
that they can handle. In order to reduce the final budget of the prototype, it is
recommended to use the smaller controller that can drive the necessary current.
Also, having current sensing has been established as a requirement because it can
lead to a better control and reduce the accidents caused by an incorrect power
supply. Finally, it is advisable to choose double channel motor controllers if it is
possible, because it reduces the price of the individual ones as they share some of
their components. To do that, both motor should have similar specifications.

2.2.3.2.1 Rotation and pitch motors

Since they are both the same motor, the selected motor controller is a dual channel
controller. The current supported is higher than the nominal current, but the price
difference with its smaller version is small enough to not consider it. The selected
controller is RoboClaw 2x15A, that can support 24 V and 15 A per channel (30 A
peak).

11



2. Design

2.2.3.2.2 Launch motor and lifting column

For the launch motor, the current calculated is below the nominal current of the
motor (48 A). However, the efficiency and the friction have not been included, so
choosing a motor controller that can handle more than the calculated current is
advisable.

The lifting column nominal current is 6 A, but from an economic point of view, it is
cheaper to use the same double channel controller that the one used on the launch
motor. The model selected, RoboClaw 2x30A, is produced by the same supplier
as the previous motor controller, making the control easier. This model is able to
support 30 A and 60 A peak.

2.2.4 Conclusions of the mechanism

The mechanism is valid and most of the components are ready to be tested on a
prototype. Nevertheless, it has some flaws, for example, all the torque needs to be
supported by the worm gearbox, which leads to choose high quality components,
increasing the final price. Besides, the pitch motor has to be installed on the back
part of the capsule, making the design less visual appealing and having critical
components more exposed.

The company agreed to look for an alternative solution to compare it and decide
the best option for the prototype.

2.3 Alternative mechanisms

2.3.1 Two independent linear actuators

The main purpose of this design was to have a flat base, so the previous rotation
mechanism could still be used. Moreover, by having two linear actuators the loads
are not as high in each one of them, reducing their size to have a more compact
design.

The main drawback of this mechanism is that it is harder to implement because
both actuators must be coordinated. Depending of the relative movement there are
infinite positions but not all of them are stable or secure enough. Finally, the launch
position is not well balanced and it is not very reliable.

Despite all the negative aspects, the idea of using linear actuators seemed appropri-
ate for the project since they are simple and able to supply a big force using little
space. Based on that, more designs were developed using the same principle.

12
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A\

\\\
(a) Standby position (b) Launch position

Figure 2.5: Two independent linear actuators mechanism designed using Linkage.

2.3.2 Two parallel linear actuators

In this case, the maximum simplicity was sought. The design is based on having a
rotation axis in the middle of the capsule and two linear actuators attached to two
of its corners. Additionally, the capsule could lay on a surface when it is on standby
position to make it more stable.

(a) Standby position (b) Launch position

Figure 2.6: Two parallel linear actuators mechanism designed using Working

Model.

Despite its simplicity, a deeper study of the components showed that it is very inef-
ficient in terms of force. Using the software Working Model to perform a simulation
proved that a force of 17000 N was needed to rotate the capsule if it weighted 100
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kg, and 12000 N for 70 kg. The distance between the point where the force is applied
and the rotation axis is very short, in consequence, the momentum created needs a
big force to start the movement. And this distance cannot be extended because the
width of the column.

In addition, commercial linear actuators that can provide this load are very long,
forcing the mechanism to be very tall. This is very problematic because, if it is
mounted on the top of a lifting column, the retracted length would be too short to
have the necessary stroke. Finally, the capsule is not centred, and the actuators are
exposed.

2.4 Vertical linear actuator mechanism. First it-
eration

2.4.1 Working principle

To solve the drawbacks of the previous designs, a mechanism with a vertical linear
actuator and a slider was designed.

Figure 2.7: Isometric view of the vertical linear actuator launcher, designed with
Onshape.
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2.4.1.1 Pitch

The linear actuator is attached with brackets to the upper plate of the column and
to a vertical slider. When the actuator is extended, the slider moves down, pushing
the capsule to be inclined up to 90°. The sliders glides between two wholes covered
by high-density polyethylene to reduce the friction.

Figure 2.8: Isometric view of the pitch mechanism.

2.4.1.2 Rotation

The rotation cannot be done from the top of the column because of the new pitch
mechanism, so it must be done from the base. At this point of the project, the
rotation mechanism was not designed for this iteration.

2.4.1.3 Lift

The lifting mechanism is exactly like the one used in the worm gearbox mechanism,
using the same lifting column.

2.4.2 Design validation

2.4.2.1 Necessary force for the linear actuator

To calculate the force that the linear actuator should provide to lift the capsule the
software Working Model has been used. The measures have been obtained from the
assembly so some differences with a real prototype should be expected. Despite that,
the numbers offered by the simulation should be used to determine the magnitude
order, testing if the solution is viable or not.
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Weight vs Force
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Figure 2.9: Comparison between the necessary force of the linear actuator depend-
ing on the weight of the capsule.

The correlation between weight and force is completely linear and it can be trans-
lated directly into an equation:

Force = 84,96 - Weight 4+ 22,233 (2.19)

At this stage of the project, the definitive weight of the capsule has not been defined
yet. Following the simulation, it would be advisable to reduce the weight of the
capsule as much as possible to be able reduce the actuator force and the loads on
the materials.

Pitch angle vs Force
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Figure 2.10: Comparison of the necessary force of the linear actuator depending
on the pitch angle, for a capsule weight of 100 kg, 80 kg, and 60 kg.
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The simulation shows that restricting the pitch angle to a value below 90° does not
translate into much lower forces from the linear actuator. The slope is expected to
be steeper below 60°, but that angles is too restrictive and useless for the project.
The behaviour is almost the same after changing the weight of the capsule.

To sum up, it is not recommended to reduce the pitch angle below 90° because the
loss in functionality from the launcher only reduces the necessary force from the
actuator in a small percentage.

For the following calculations, a necessary force of 6000 N will be used, because it
has been considered enough to test the prototype and it is easy to find a commercial
actuator with cylindrical shape, which is helpful to reduce the width of the column.

2.4.2.2 Wind load

The highest wind load will appear when the launcher is in the standby position,
because the capsule is perpendicular to the wind.
The following assumptions have been made:

» Drag coefficient (Cq) is 1,28 because it is a flat surface [5].

o The air density (p wina) is 1,2 kg/m? [6].

o The maximum wind speed that the launcher must support (Vying) is 25 m/s.
The wind load on the capsule is calculated using the drag equation [7]:

Fling = ; - Ca* Pwind * Acapsute * Vioimg = ; -1,28-1,2-1,96-25% = 918,75 N (2.20)
Nevertheless, the wind load could be reduced making use of the rotation movement
in next iterations of the project. By using wind sensors, if the wind is too strong
the column could rotate to avoid the wind to arrive perpendicularly to the surface.
Also, the wind speed of 25 m/s is very unusual in Gothenburg, where, during the
windiest day of the year, 90 % of the wind is slower than 7,6 m/s. [§]

2.4.2.3 Maximum momentum on the top of the column

The momentum on the top of the column caused by the wind load can be approxi-
mated as:

Myind = Fuind - dwing = 918,75 - 0,95 = 872,81 Nm (2.21)

From the assembly, the distance measured between the centre of the column and the
point where the force of the linear actuator is applied is 0,157 m. This vertical force
creates a momentum that must be supported by the column and it is calculated
with:

Mactuata’r — Lactuator * dactuata’r = 6000 - 0; 157 =942 Nm (222)

The weight of the capsule itself also creates a momentum in the opposite direction,
but it has not been considered to increase the safety factor.

Both momentums are similar, meaning that the minimum momentum that the col-
umn must support should be higher than 1000 Nm.
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2.4.2.4 Horizontal load

Assuming that the weight of the capsule is 100 kg, that the centre of mass is located
at a distance of 0,7 m and the width is 0,22 m. If the weight is directly transformed
into a momentum on the edge, the horizontal forces on the corners are calculated
as:

Meapsule * 97 81 - dmass 100 - 9, 81 - 0, 7

Fhorizontal = = :3121,36 N 2.23
horzental w 0,22 (2.23)

2.4.2.5 Support loads due to the momentum on the bracket

Considering the distances offered by the brackets suppliers and a force of 6000 N, it
is necessary to calculate the momentum at the bracket.

Mbracket = Factuator : dbracket = 6000 - 07 042 = 252 Nm (224>

This momentum is directly applied to the slider and it must be supported by the hor-
izontal constraints, which in this case are mode out of polyethylene. The constraints
are approximated as two roller supports where the axial forces are not considered
because they are responsible of the movement.

R-0,842 = 252 (2.26)

Ry = Ry = 299,29 N

Compared with the horizontal load of the capsule, it is much lower, so it can be
assumed that the worst scenario appears when the pitch angle of the capsule is 90°.

2.4.2.6 Friction and compression

Assuming the horizontal force calculated in equation 2.23 is directly applied to the
polyethylene and that the coefficient of friction is 0,15 [9].

Fipiction = - N = 0,15 - 3121, 36 = 468,204 N (2.27)

The compressive strength of the polyethylene is 28 MPa [10]. If the width of the
slider is considered as 180 mm and the width of the polyethylene is 25 mm.

P _ Fhorizontul _ 3121, 36
PP T Ay 0,180,025

Which is far from the compressive strength of the polyethylene, so it will not fail
under compression, but it can be affected by wear. Although the numbers seem
reasonable, they are very approximated. Assuming a friction of 500 N, the slid-
ing mechanism is not invalidated, and an extra actuator could be installed on the
prototype if more force is needed.

=0,832M Pa = 8,487 kg/cm? (2.28)
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2.4.2.7 Bending of the slider due the horizontal load

The material chosen for all the mechanised parts is aluminium because it has a low
weight and it is easy to mechanise. The horizontal load in the slider when the pitch
angle is 90° is the worst scenario for the bending. The calculation is based on the
following assumptions:

o Force (Fhorizontal) 18 3121,36 N, as calculated in equation 2.23.

« Distance between load and the support (L) is 10 cm.

e Based on a beam with a fixed support on one end and free on the other one.

« Young’s modulus of aluminium (E) is 69 GPa [11].

« Width of the slider (wgjiqer) is 150 mm.
The area moment of inertia inertia of the slider is calculated as [12]:

1 1
Liider = 1g " Wstider thickness® = Th 0,15 - thickness® (2.29)

The displacement of the free ending is determined as [12]:

_ Fhorizontal - L? . 3121, 36 - 0, 13

Y783 E Tyar  3-69-109- B thickness®

(2.30)

Depending on the thickness of the slider, the displacement is:

15mm — y = 0,357 mm
thickness =< 10mm — y = 1,206 mm
omm — y = 9,650 mm

F horizontal

Figure 2.11: Bending of the slider due the horizontal load.

It is not recommended to have a thickness below 10 mm because the bending would
be excessive. The force is directly proportional to the displacement, so even if the
force is twice the considered, the displacement would still be acceptable. Based on
that reasons, a thickness of 10 mm is chosen for the prototype, as it considered thick
enough to support the horizontal load and to attach the bracket.

19



2. Design

2.4.2.8 Buckling of the slider due the axial load

To restore the standby position after the launch, the slider must support and axial
load of 6000 N that can make it buckle. By calculating the critical load, it is possible
to determine when the slider reaches the unstable equilibrium that would make it
fail by buckling, but some displacement can still occur. The FEuler’s formula is used
to establish the critical load, considering some assumptions:

e Only the axial load is considered, but there are other forces and momentum

that can decrease the critical load.

o Thickness of the slider is 10 mm, width is 150 mm and length is 0,95 m.

o Intermediate support is not considered to increase safety factor.

« One end is considered fixed and the other one articulated (8 = 0,7).
As in equation 2.29, the area moment of inertia of the slider is [12]:

1 1
Lgider = 5 Watider * thickness® = o 0,15-0,01° =12,5-1072 m* (2.31)

Euler’s formula for the critical load [13]:

2 B Lyjger  72-69-10°-12,5 107"
p,="= lider _ T - = 19249, 327 N (2.32)

PCT‘

\ 4

P.,

Figure 2.12: Buckling of the slider due the axial load.

The critical load is much higher than the load considered of 6000 N, so the slider will
not fail by buckling. However, it is possible that it exists a non-critical displacement
in the middle of the slider, but there is enough perpendicular space not to be a
problem.
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2.5 Vertical linear actuator mechanism. Second
iteration

To avoid all the drawbacks of the first iteration, a new design is developed using the
same working principle.

Figure 2.13: Isometric view of the second iteration of the vertical linear actuator
mechanism.

The main changes are:

o A pattern of holes is introduced on the side plates to reduce its weight but
maintaining its strength.

e Increased the distance between the side plates. Now the capsule support can
fit inside them, making it more stable and easier to reach 90°. Moreover, the
horizontal load still exists but the bending caused by them is almost negligible
because the distance between the load and the support has been drastically
reduced, as it can be seen in figure 2.14 (c).

o Augmented the length of the capsule support. By doing that, the distance
between the slider and the other column also increases, reducing in more than
a 30 % the forces necessary for the pitch.

e The load from the linear actuator is now almost directly applied as an axial
force in the column, instead of creating a momentum.

o Thickness has been changed to 15 mm to increase the safety factor and for
aesthetic reasons. Since it is the only part of the mechanism that is not going
to be covered, it looks more robust. Also, it is more convenient for screwing
all the components together.

o The mechanism is now centred in the middle of the column as figure 2.14 (b)
shows. The measures of the components have been adjusted as well to have a
square shape from the top view, which can be seen in figure 2.14 (a).

e The linear actuator is now integrated in the slider by having a whole in it,
reducing the total width of the mechanism and helping to apply the force
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directly to the centre of the slider. By doing that, the length of the slider that
has to support the axial load is reduced, and the risk of buckling is lower.

o All the metallic components have the same thickness, so they can be mecha-
nised from the same sheet of metal.

_ |

(a) Top view ) Left view (c) Right view inclined

Figure 2.14: Different views of the second iteration.

2.5.1 Column length issue

However, the necessary column length to be able to reach 90 ° with the pitch mech-
anism is 1,2 m. This length, plus the length of the slider and column when it is in
the standby position, would place the capsule 40 cm higher than expected. Having
the capsule that high would make more difficult to have the drone exposed in a good
eyesight.

In consequence, it is necessary redesign the pitch mechanism to reduce its height.
First, several alternatives were modelled, based on integrating the linear actuator
between the supports of the slider.

(a) Shortened slider (b) "T" support (c) Gap in the slider

Figure 2.15: Alternatives to reduce height in the pitch mechanism.
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2.6 Vertical linear actuator mechanism. Third it-

eration.

Finally, another iteration is developed with reduced height.

Figure 2.16: Isometric view of the third iteration of the vertical linear actuator
mechanism.

The main differences with the previous iteration are:

Linear actuator displaced to the back part of the slider. Now it is attached
between the upper plate and the bottom of the slider.

Reduced the distance between the supports of the slider, making the side plates
smaller and much simpler.

Increased again the distance between the slider and the column.

Increased the sliding surface with the polyethylene. Now it covers the vertical
distance of the slider instead of only sliding in the horizontal surfaces.
Reduced the width of the slider in the bottom part. By doing this, it is
possible to have more space to install other components inside the column,
such as batteries and the control devices.

Reduced the weight of the slider with a central hole.

Added rotation mechanism.

2.6.1 New rotation mechanism.

The rotation mechanism has to rotate the column from the base. It is based on the
same principle as in section 2.2.1.2, the column is mounted on the outer part of a
bearing while the inner part is fixed to the ground. A gear is also connected with
the inner part, below it.

The rotation movement is achieved with a small gear that turns around the fixed
bigger gear. The force is provided by a DC motor, whose model is the same as the
one calculated in section 2.2.2.2, Maxon RE 40 148867 and gearbox Maxon GP 42
C 203124.
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(a) Top isometric view (b) Down isometric view (c) Section view

Figure 2.17: New rotation mechanism.

2.6.1.1 Bearing calculation

In order to be able to calculate the bearing, it is necessary to make the following
assumptions:

» Axial load (F,) is 1471,5 N assuming that the capsule weights 100 kg and the
column weights 50 kg.

» Radial load (F,) is 0 because the mechanism uses gears without belt.

o Momentum in the bearing (Mpearing) is 1837500 Nmm assuming that the max-
imum force is the wind load calculated in equation 2.20 and the distance
between the centre of mass of the capsule and the base is 2 m, taken from the
assembly.

o The commercial bearing selected for the calculations is Hiwin CRBE09025.
This bearing is the biggest possible taking into account the size limit of the
bottom plate.

o For that commercial bearing, the medium distance between the inner and
outer ring (D) is 150 mm, the dynamic load (C) is 46 kN and the static load
(Cp) is 80,2 kN.

First it is necessary to calculate the radial and axial load coefficients: [14]

E, 1471,5
. 1 2Mocaring = 0+ 2-18?57500 = 0,06 (2.33)
r Dpw

Since the value is below 1,5, the value of X is 1 and the value of Y is 0,45.
The radial load, axial load and momentum can be combined into a single load, called
dynamic equivalent load, by using the next equation: [14]

2+ Myearing 2 - 1837500

P=X-(F+ )+Y - F, = 1-(0+ )+0,48-1471,5 = 25162, 175 N
Dy 150

(2.34)
As the dynamic equivalent load, the static equivalent load is determined with the
following equation: [14]

2'Mearin 2-1
Py = Fy 4 2 Mbcaring oy, = 4 221857500

0,44 - 1471,5 = 25147, 46 N
Dy 50 ’ !

(2.35)
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The basic life rating is used to calculate the revolutions that 90 % of the bearings
will support after operating under the same operating condition. Is is calculated as:

[14]

C
=)

Lbearing = ( % (236)

The safety factor is: [14]

G 80,2
* Py 25,147

= 3,189 (2.37)

The suggested safety factor for high rotation and high accuracy according to the
supplier is 3 [14], which means that the bearing is appropriate.

It would also be interesting to know the maximum force that the bearing can support
applied as a horizontal force in the capsule. It can be obtained as:

2- Mmaz earin,
Co=F. + - bearing 4 (),44 - F, (2.38)

pw

2. Mmax bearin,
80,2 =0 Y 40,44 - 14751,5
’ + 150 +0 ’

Mmaz bearing — 5966, 44 Nm

Which means that the maximum force admissible by the bearing in the capsule is
2983,22 N. This force is considered admissible.

2.6.2 New launch mechanism

Despite having it built, the launch capsule presents some drawbacks, sometimes the
platform gets stuck because the movement is not completely parallel to the rails.
Also the breaking system consisting in a elastic rope is not very refined and the
platform is too heavy, which increases the necessary force of the motor.

Trying to use as much previous components as possible, a new mechanism is de-
signed. The platform is now made out of carbon fibber to reduce the weight, and it
brakes automatically thanks to the compressed air. There are two columns located
at the last part of the capsule and they are introduced in the platform when it
reaches the end of the capsule.
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(a) Isometric view of the launch capsule (b) Detailed view of the launch mechanism

Figure 2.18: New launch capsule.

2.6.2.1 New launch motor

However, the existing launch motor is too big to be installed in this new design, and
it is also too heavy, adding too much weight in a critical part. Furthermore, with
a smaller motor the second belt would not be necessary and it would not block the
drone when it is retracted. Based on the fact that the launch motor will be used
during very short periods of time, it is possible to select a smaller motor and make
it work above its nominal values for a short period of time.
Based on the following assumptions:

« Final launch speed (V) is 10,5 m/s.

« Radius of the wheel driving the belt (rpeit 1aunch) is 20 mm.

o Launch time (Tiunen) is 0,21 s (Equation 2.14).
The final angular speed of the motor should be:

Vf = Tbhelt launch * Wiaunch (239)
107 5= 07 025 - Wiaunch
Wiaguneh = 420 rad/s = 4010, 7 rpm

The motor Maxon 388984 is the one selected to prove the calculations.
Maxon 388984 technical specifications:
e Speed constant = 208 rpm/V.
o Speed / torque gradient = 0,275 rpm/mNm.
« Torque constant = 46 mNm/A.
The angular speed can be calculated using the speed constant and knowing that it
will be powered with 24 V:

Wigunen = 24 - 208 = 4992 rpm (2.40)

Under a load of 2800 mNm, which is much more than the torque that we need, the
speed will be limited by the gradient:
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Wiaunehy = 4992 — (2800 - 0,275) = 4222 rpm (2.41)

The current necessary is obtained using the torque constant and the torque:

Liauneh = 2800/46 = 60,87 A (2.42)

Which means 6 times the nominal current. Besides, the motor controller selected
can support such current. This means that under heavy load the motor is able to
reach the speed with the equipment already available.

After contacting the supplier and showing these calculations, it confirmed that,
although there are no guaranties, it should work safely since the launch time is too
short to overheat the motor. The supplier also mentioned that the motor is able to
reach that speed in 0,2 seconds.

2.6.3 Installation base and space for electrical components

A new base based on a circular design has been added to improve the stability
of the column. As mentioned before, the width of the slider has been reduced in
the bottom part to allow the installation of the batteries and the other electrical
components. The size of this space is 100 x 70 x 330 mm and it can be seen, in red,
in figure 2.19

Figure 2.19: Installation base and space for electronic components.

2.6.4 New necessary force for the linear actuator.

Thanks to the increased distance between the slider and the column, the force has
been greatly reduced. The results of a simulation using Working Model are shown
in Figure 2.20.
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Weight vs Force
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Figure 2.20: Comparison between the new necessary force of the linear actuator
depending on the weight of the capsule.

In the previous iteration it was necessary a force of 8500 N for a capsule weight of
100 kg, while with the new design, a force of 5350 N is enough.
The force can be easily calculated following the equation:

Force = 53 - Weight + 50 (2.43)

This equation can be useful to determine the force even if the pitch mechanism is
changed, as long as the measures of the supports are maintained.

2.6.5 Validity of the previous calculations

The intention of the previous calculations was not to obtain precise numbers about
the mechanism, but to validate if the design was viable or not. For that reason,
they are not calculated again, as all the loads are lower with the new design.

The only calculations that have changed are the momentum of the bracket, because
the force is directly applied to their centre, and the bending and buckling of the
slider, being lower than before.

2.6.6 Final assembly

The final CAD model includes all the changes performed after the iterations. It also
includes the real assembly of the personalised lifting column.
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(a) Front part (b) Back part

Figure 2.21: Final assembly.

2.6.7 Selection of final components

2.6.7.1 Linear actuator

The linear actuator selected is ANT-52 from Sito Motor. One of the reasons to
choose it is that it has cylindrical shape. Usually, high load linear actuators have a
DC motor installed next to it, making them shorter but wider. In this project, the
length is not a limitation but reducing width is essential to get a square shape for
the column. Furthermore, the voltage is coherent with the rest of the components.
The position control is achieved with a Hall sensor integrated in the actuator.

4

Figure 2.22: ANT-52 linear actuator from Sito Motor.
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ANT-52 technical specifications:
o Voltage: 24 V.
o Current at maximum load: 6A.
o Load: 6000 N.
« Load speed: 3 mm/s.
o Stroke: 250 mm.
o Ingress protection: IP67.
e Minimum length: 575 mm.
o Maximum length: 825 mm.
o Hall sensor.

2.6.7.2 Rotation motor

The motor selected is the same as calculated in section 2.2.2.2 because the assump-
tions for the previous design are still considered valid. The motor is a brushed
Maxon RE 40 148867 with the gearbox 203124 and an encoder.

Figure 2.23: Maxon DC motor RE 40 148867.

Maxon motor, gearbox and encoder technical specifications:
o Nominal voltage: 24 V.
o Nominal speed: 6940 rpm.
e Nominal torque: 177 mNm.
o Nominal current: 6 A.
o Gearbox gear ratio: 81.
o Encoder counts per turn: 500.

2.6.7.3 Launch motor

The motor selected is the one chosen in section 2.6.2.1, a brushed Maxon RE 65
388984 with an encoder. The nominal voltage is 18V, but considering the small time
required to launch the drone, it is acceptable to power it using 24 V. Physically it
is very similar to figure 2.23.
Maxon motor, gearbox and encoder technical specifications:

o Nominal voltage: 18V.

o Nominal speed: 3250 rpm.

o Nominal torque: 412 mNm.

e Nominal current: 10 A.

e Encoder counts per turn: 500.
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2.6.7.4 Lifting column

The same column as the one chosen in section 2.2.2.3 is selected, because the re-
quirements of 100 kg for the axial load and 1000 Nm for the minimum momentum
on the top have not changed. However, after a meeting with the supplier, some
design changes were advised:

e If the column is mounted upside down, it is possible to reduce the problems
cause by the condensation. By mounting it like that, the water can be expelled
instead of getting stuck inside.

« It is possible to mount the column on a base to increase the stiffness, reducing
the momentum that the bolts have to support. This base can only be installed
if the column is mounted upside down.

Figure 2.24: Lifting column base.

o Three sections are needed to reach the length specification, but given the
length of the column, it would be a good idea to increase the overlap between
sections for safety reasons. The equation that they use to define the stroke is:

Stroke = (Retracted length — 300) - 2 (2.44)

By using equation 2.44, the ideal column would have a retracted length of 0,9 m
and a stroke of 1,2 m.

Figure 2.25: Lifting column X2 model DB.
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Lifting column technical specifications:
o Force: 2000 N.
» Voltage: 24 V.
o Current: 6 A.
o Speed: 25-13 mm/s

2.6.7.5 Rotation gear wheels

For the rotation movement, two gear wheels are needed. The selected gears are
M3x70-P and M3x12, whose module and sizes were chosen in order to maximise the
gear ratio depending on the available space under the column and the diameter of
the shaft. Both gears have to be modified, the small one should include a key to
mount it on the shaft and the big one should have a bigger whole so the cable can
pass through it.
Steel C45 might not be the most appropriate material for outdoors applications, so
it is advisable to use stainless steel or other corrosion resistant material when the
project comes out of the prototyping phase.
Gear wheels technical specifications:

o Material: Medium-carbon steel C45.

o Module: 3.
Teeth: 70 and 12.
o Pitch diameter: 210 mm and 36 mm.
Width: 30 mm.

2.6.7.6 Bearing

As it was pointed in section 2.6.1.1, the bearing Hiwin CRBE09025 is suitable for
this project. The final bearing ordered was CRBE09025AWWC8P4, which includes
a seal, threaded holes on inner ring, counter-bored holes on outer ring and the lowest
accuracy grade available, since it is not considered critical.

Figure 2.26: Bearing Hiwin CRBE09025.

2.6.7.7 Motor controllers

The launch motor and the column have not changed, and the linear actuator has
the same nominal current as the previous motor. Based on the same reasoning as in
section 2.2.3.2, the motor controllers selected are RoboClaw 2x15A and RoboClaw
2x30A.
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Figure 2.27: RoboClaw motor controller.

RoboClaw technical specifications:
 Current supported model 2x15A: 15 A per channel (30 A peak).
o Current supported model 2x30A: 30 A per channel (60 A peak).
« Voltage supported: 6 to 34 V.
o Current sensing.

2.6.7.8 Raspberry Pi

To control the launcher externally, establishing communication with the motor con-
trollers, a Raspberry Pi 3 Model B+ is selected. It offers convenient possibilities
thanks to its integrated Wifi antenna, and the motor controller also offer compatible
libraries.

Figure 2.28: Raspberry Pi 3 Model B+.

2.6.7.9 Battery

The battery selected is a Multistar LiPo. The reasons to use this type of battery
are their light weight and size (to mount it in the space left by the slider), high
capacities and high discharge rates. Although the lifespan is shorter than in other
batteries, it is acceptable for testing the prototype.
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Figure 2.29: Battery Multistar 10000 mAh.

Multistar battery technical specifications:
o Capacity: 10000 mAh.
Voltage: 22,2 V.
o Discharge rate: 10C.
» Peak discharge rate (10 seconds): 20C.
o Configuration: 6S.

Using the discharge rate and the capacity, the maximum current that the battery
can provide can be calculated as:

Maz battery current = Cyappery - capacity = 10 - 10 = 100 A (2.45)

Assuming that all the motors of the prototype are working at the same time, it is
necessary less than 100 A, which the battery can provide. However, this situation
will never happen because the launch motor, the most demanding one in terms of
current, will not work simultaneously with the others.

The capacity of 10000 mAh is also considered valid because it can power the linear

actuator, the column and the rotation motor during 30 minutes, which is enough
for testing purposes.

2.6.7.10 Cables and connectors

The battery selected comes with XT90 connectors, which are capable of supplying
enough current. New cables soldered with these connectors will be used to connect all
the components, taking advantage of the ease of soldering of this type of connector.

Regarding the cables, the ones that connect the battery with the launch motor are
AWG 10 and the rest of them are AWG 14. Although the supported current for
AWG 10 cables is slightly below 48 A, they can still be used because they should
only keep this current for 0,2 seconds.
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Figure 2.30: XT90 connector.

In order to connect the battery to more than one motor controller, the battery is
plugged to a terminal block mounted on a DIN rail. By using this configuration, it
is possible to add flexibility to the project, being possible to connect more modules
in case that extra power connections are needed. For instance, in the future one
more extra motor controller will be needed to control the opening mechanism of the
capsule. Between the battery and the terminal block there is a switch to disconnect
the system in case of emergency.

Figure 2.31: Terminal block Weidmiiller WDU 10.

2.6.7.11 Metallic components

The rest of the metallic components have been mechanised by using a water cutter
and a sheet of metal of 15 mm width. This was taken into account during the design
so all the pieces could be obtained using this method.
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Control

3.1 Introduction to the control method chosen

One of the main control objectives for this project is to be able to control the drone
launcher using the closest device to the user. By doing that the time required to
launch the drone is dramatically reduced, because for example, it would not be
necessary to turn on a computer if the user is using an smartphone at that moment.

At this stage of the project, it is not considered important to use industrial equip-
ment, and for that reason the components selected are very common and cheap, but
enough for testing the prototype.

3.1.1 Electrical scheme

The prototype is powered by the battery, that supplies the energy to the to the
components thanks to the terminal block where the Raspberry Pi and the RoboClaw
motor controllers are plugged. Between the battery and the terminal block a switch
is installed to turn on the prototype and to disconnect the energy supply in case of
emergency.

Since all the components work with 24 V| it is not necessary to modify the voltage
that the battery supplies. Only the Raspberry Pi needs the voltage to be reduced
to 5 V, using a voltage regulator.

The first motor controller (RoboClaw 2x15A) is the master and it is connected
directly to the USB port of the Raspberry Pi, while the second motor controller
(RoboClaw 2x30A) is the slave and it is connected to the first one, using the ports
S1 and S2. All communications are serial.

The first motor controller controls the linear actuator (port 1) and the rotation
motor (port 2) and the second motor controller controls the lifting column (port 1)
and the launch motor (port 2).
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Figure 3.1: Electrical scheme.

3.1.2 Control scheme

First of all, to be able to establish a communication with the launcher, it is necessary
that the launcher and the control device are in the same network. Using the built-
in antenna of the Raspberry Pi it can be connected to the network without any
addition peripherals.

Once the Raspberry Pi is connected, it deploys a server using its IP address and the
port chosen. The server is created using a Python framework named Flask. This
Python programme contains the necessary scripts to control the launcher and it also
renders an HTML web page to all the devices accessing to the IP.

The web page, that now is accessible from different devices, contains several buttons,
each one of them associated to a different Python script to perform the movements
of the launcher. The web page also shows the live video from the camera installed
in the launcher.
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3.2 Configuration

First, it is necessary to configure the components to perform the desired control.

3.2.1 Raspberry Pi configuration

The Raspberry Pi runs Raspbian, a Debian-based computer operating system. Given
that the libraries of the motor controller supplied are based on Python 2.7, this is
the version used for the project.
The login credentials are:

o Username: pi.

o Password: dronelauncher.

3.2.1.1 Camera

The package UV4L should be installed using Linux repository. This package is
used to stream the video obtained from the camera to the web page. The video is
streamed into an IP address and a port and it can be included into the web page
using the standard HTML commands.
The camera settings can be set with a web browser introducing the IP address of
the Raspberry Pi followed by the port 8080.
It should configured with the following parameters:

o Resolution: 480x320.

3.2.2 RoboClaw motor controllers configuration

The RoboClaw configuration must be done through a software called lonStudio
supplied by the manufacturer. Using this software, each motor controller should
have the following parameters:

Table 3.1: Motor controller parameters

Control mode: Packet Serial.
PWM mode: Sign Magnitude.
USB-TTL Relay: Enabled.
Packet serial address: 128.
Baudrate: 115200.

Battery cutoff: Auto Detect.
M2 Reverse.

Control mode: Packet Serial.
PWM mode: Sign Magnitude.
USB-TTL Relay: Disabled.
Packet serial address: 129.
Baudrate: 115200.

Battery cutoff: Auto Detect.
M1 Reverse.

Motor controller 1
(RoboClaw 2x15A)

Motor controller 1
(RoboClaw 2x30A)
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The rest of the settings can be used with their default values. As it can be seen,
the only difference between them is the "USB-TTL Relay" and the "Packet serial
address".

For the future, if a third motor controller is needed, it would be necessary to enable
the "Multi-Unit Mode" on all the slaves and also add a pull-up resistor from 5 V to
the line going to the master S1 pin.

Lastly, when the battery cutoff is set to "Auto Detect", the motor controller will stop
working when the battery provides less than 18 V for the 6 cell battery that is being
used (less than 3 V per cell). This is the absolute minimum voltage than a 6 cells
LiPo battery can provide without being damaged, but it is recommended to charge
it when the voltage reaches around 20,4 V (3,4 V per cell) to increase security and
avoid malfunctioning.

3.2.3 PID tuning

To achieve a smooth transition between idle and the desired speed on every motor, it
is necessary to tune a PID for each motor, which includes the typical PID parameters
and QQPS (maximum speed of the motor in encoder pulses per second). These
values should be introduced in the motor controllers using the lonStudio software to
save them into the non-volatile memory. The values will be loaded after each power
up so it is not necessary to define them every time the motor controllers are reset.
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Figure 3.2: Launch motor PID tuning using lonStudio.
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These PID are necessary to perform a closed loop speed control. The motor con-
troller receive the amount of pulses per second and it increases or decreases the
current to reach the objective. By doing that, it is possible to decide the desired
speed for each movement and it will always move at that speed, no matter the bat-
tery voltage or the load of the launcher (new components could be added and it will
behave like expected).

In order to tune the different PID, it has been tested that they are able to follow
the speed setpoint when it is stable and also when it changes drastically. It is also
important to check that the current does not oscillate too much, because that could
damage the motors and be dangerous as well.

All the motors offered a secure and reliable performance, as can bee seen in figure
3.2, that corresponds to the launch motor. However, the behaviour of all the other
motors is very similar to the one shown.

The PID parameters for the different motors are shown in the table below:

Table 3.2: PID parameters

P: 1.

I: 10.

D: 0.

QQPS: 7000.
P: 1.

I: 5.

D: 0.

QQPS: 240000.
P: 5.

I: 10.

D: 0.

QQPS: 420.

P: 5.

I: 10.

D: 0.

QQPS: 147500.

Linear actuator

Rotation motor

Lifting column

Launch motor

3.2.4 Encoder noise filter for the linear actuator

The motor controller was not able to count the pulses from the encoder of the
linear actuator. After examining the signal using an oscilloscope, it showed high
noise on both channels, making the control impossible. Taking a closer look it was
determined that the noise had a frequency of 20 kHz. The noise and its frequency
can be seen in figure 3.3.
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Figure 3.3: Encoder noise and frequency of the noise using an oscilloscope.

For that reason, it was decided to design a simple RC low-pass filter with a cutoff
frequency of 20 kHz whose diagram is shown in figure 3.4. It is important to remark
that filtering the signal from an encoder can limit the maximum speed if the filter
is too aggressive, and it can also make it unusable if the rising time is too long.

: R
input output

ANy .

Figure 3.4: RC low-pass filter scheme.

Knowing the cutoff frequency and choosing a small capacitor (20 nF), the resistance
can be calculated with the next equation:

1

pr— .1
! 2nRC (3 )
20000 = b
27 R-1-1079
R =28kQ

After selecting the components, the physical filter was mounted in a board, as it can
be seen in figure 3.5.
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Figure 3.5: Filter.

As a result, the motor controller was able to read the filtered signal. After several
tests, the results proved that the encoder did not have any accuracy problem and it
was suitable to use it for controlling the speed and position of the linear actuator.
The filtered signal is shown in figure 3.6
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CH2 1.00% M 5000s CHT 7 232y

Figure 3.6: Noise filtered.

3.3 Interface

The interface has two different modes, manual and automatic. Besides, there is a

video of the front part on the launcher to avoid launching when there are obstacles.
The video is available in both modes.

The manual mode is used for testing purposes and it contains all the necessary but-

tons to control the launcher manually. Inside this mode there are different sections:

o Control motors individually: For every motor, it includes two buttons to move

in two different directions and another one with a form to specify the abso-

lute position where the launcher should move. Pitch and rotation should be

specified in degrees and lift and launch in centimetres. This individual con-

trol does not have speed control, meaning that the motors will run at a given
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duty cycle instead of at a given encoder pulses per second. By doing this, this
mode does not rely on the encoders and it can be used without them in case
of malfunction.

o Max/min position: It has four buttons to move the launcher to the maximum
and minimum positions of pitch and launch. There is not rotation or launch
in this section because they are not considered necessary to have maximum
and minimum positions, and their movement can be easily achieved with the
other buttons.

o Options: There are two buttons, reset the encoders (setting their home posi-
tion where the motors are at that moment) and show battery voltage, which
is useful to know when to charge the battery.

The automatic mode is intended to be the main mode for the final user. The
objective is to keep it as simple as possible, with only the necessary buttons to
perform a successful launch and mount the drone again. For that reason, apart
from the video, there are only two sections:

o Launch and rest positions: It includes four buttons, one for each position. The
positions are stand-by (minimum pitch and lift, desired rotation and drone in
the middle of the capsule), prepare (maximum lift, desired pitch and rotation
and drone in the back part of the capsule), launch and mount (maximum pitch,
minimum lift, desired rotation and platform ready to mount the drone).

e Automatic launch and stop: The automatic launch button should do every-
thing it is required to launch the drone, which is, get ready, launch, and come
back to the stand-by position. In this section there is also a Stop button to
stop all the motors in case of emergency.

Figure 3.7 shows the interface running on a desktop web browser. The camera
picture is used to display the location of the video.
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Figure 3.7: Manual and automatic mode of the control interface.

3.3.1 Code

The interaction between the user and the launcher is provided by a web page. It
is all written in HTML but JavaScript is also necessary to offer a good experience.
CSS is also used to format the elements and gather all the possible design options.
All the code is commented to facilitate its understanding and its future expansion.

3.3.1.1 HTML and CSS

All the interface has been developed using common HTML commands. Since the
web is going to be displayed in different devices, with different screen sizes, it should
be as responsive as possible.
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To achieve that, the interface has been divided in flex sections, that can change
dynamically the horizontal and vertical space between them depending on the res-
olution available.

However, on vertical screens such as the portrait mode in smartphones, the HTML
code developed does not show an adequate distribution. This is very important
because usually the mobile devices are used in portrait mode, and forcing the users
to use the landscape mode will lead to a poor interface design. To avoid that
problem, Media Queries have been introduced in the CSS document. With this
technique, it is possible to specify a different style for certain elements when the
ratio of the screen is considered to be in portrait mode. The distribution of the
elements on the screen is changed to use the space available in a better way, but all
the control options are still available, as can be seen in figure 3.8.
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(a) Manual mode in portrait (b) Automatic mode in portrait

Figure 3.8: Manual and automatic mode of the control interface in portrait.

3.3.1.1.1 Progressive web application

Instead of having to introduce the IP address of the launcher on the web browser or
having it stored as a bookmark, it is easier to access it through an application on
the desktop, specially if it is being used on a mobile device.

By adding some HTML commands it is possible to turn the web page into a pro-
gressive web application, which allows it to be installed on the desktop with its own
icon and a splash screen. Furthermore, if the web is accessed this way, it does not
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display the browser interface, making it look like a native application on different
operative systems like Android or iOS.
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(a) Web application icon (b) Web application splash screen

Figure 3.9: Icon and splashscreen of the web application.

3.3.1.2 JavaScript

JavaScript is used to call the Python functions when the buttons are pressed, but
a jQuery library is used to simplify the code. The buttons are prepared to be
used with a computer and with a touch screen, using the different events mouse-
up/mousedown and touchstart/touchend. Some web browsers, like Safari on iOS,
triggered the mouse and the touch event, so it is necessary to include the command
event.preventDefault(); to prevent it.

But JavaScript is not only used for pressing the buttons, it is in charge of showing
the elements depending on the selected mode (by default, manual mode is shown
for testing purposes, but it can be changed). There is also a function to display the
battery voltage and another one to hide or show the video on the interface, in case
it is not necessary or the screen is too small to accommodate everything at the same
time.

The usage of JavaScript is also necessary to offer a better user experience. For
example, the manual controls of the motors need to be kept pressed to activate the
movement, and the motor stops as soon as the button is no longer pressed. This

47



3. Control

kind of user interaction is more natural than pressing a button to move and another
one to stop.

Finally, it is remarkable the alert system, that prevents the user to introduce incor-
rect values in the forms, indicating with a pop-up which are the correct ones. This
alert system also blocks the user from selecting a movement that uses the encoders,
when the encoders are not reset and the launcher does not know in which position
it is. To do that, every time the web is loaded it asks the launcher if the encoders
are ready, and if they are not, it shows these buttons with a grey colour. Once the
encoders are reset, the buttons return to their normal state.

All these checks, including the incorrect values and the encoders not being ready,
are carried out on the server side, so the response is consistent on all the devices
connected and it is harder to override by only using the browser, increasing the
security. When the Python script finds an incorrect value, it returns an HTML
status code that triggers the alert.

3.3.1.3 Python

While the rest of the code is executed in the user’s browser, the Python code is exe-
cuted on the server side, in this case, the Raspberry Pi. It is launched automatically
after the Raspberry Pi is connected to a network.

As it has been exposed in section 3.1.2, the Python programme is used for two
different things:

e Deploy a web server so the user can interact with the launcher using a web
page.

e Send serial instructions to the motor controllers depending on the buttons
pressed by the user on the web page.

The first one is achieved by using the framework Flask. After installing the package,
it is only necessary to specify that the web page should be loaded by default and
in which IP address and port the server should be set up. This IP address should
match the address of the Raspberry Pi inside the local network, and the port can
be chosen freely.

The rest of the Python code can be divided into:

e Import modules: Certain modules and libraries have to be imported, like Flask
or the RoboClaw library.

o Open serial port: By doing that, the Raspberry Pi can send serial commands
to the motor controllers.

o Declare variables: All the variables that should not change are declared here,
like the encoder pulses and speed for each motor or the serial address for each
motor controller.

o Functions: Each function uses the RoboClaw library to send serial packages
to the motor controller depending on the movement that the user wants to do.

To exchange date between the server and the web page, like the voltage of the
battery or the status of the encoders, JSON is used, so it is necessary to import the
JSON module as well.

The Python serial instructions, obtained from RoboClaw library, and functions are
summarised and explained in appendix B.
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Results

4.1 Mounting the prototype

After receiving all the necessary components, they were mounted following the as-
sembly. There were some mistakes that needed to be solved in collaboration with
the mechanical workshop who mechanised the pieces.

The following sections will show the prototype in different positions to prove that
it can reach them as it was expected.

4.1.1 Stand-by position

The stand-by position takes the column to its minimum height, the pitch to vertical
position and the drone to the middle of the launcher to show it, as it has been
specified before.

(a) Front view (b) Isometric view (c) Back view

Figure 4.1: Prototype in stand-by position.
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4.1.2 Mount position

The mount position, with the retracted column and maximum pitch, has been proved
to be comfortable for an average person to return the drone to the platform.

(b) Isometric view

Figure 4.2: Prototype in mount position.

4.1.3 Prepare position

For the prepare position, the column goes to its maximum length, the angle chosen
is 45° and the rotation is 10°. These two last movements have been decided as an
example but in the future they will need to be calculated depending on the wind
speed and direction.
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(a) Side view (b) Isometric view (c) Back view

Figure 4.3: Prototype in prepare position.

4.2 Differences from the drawings

Although most of the components are exactly like they were specified in the draw-
ings, there are some small differences that are listed because they can be used in
future iterations:

Launch tube: It measures 141,1 cm instead of 140 cm because an old version
of the drawings was used.

Launch bottom back plate: Eight holes are for M8 instead of M6.

Launch bottom plate: Because of the M8 holes in the previous component,
8,5 mm holes needed to be drilled to be able to mount both components. Also
the holes for the belt bearings fixtures were drilled bigger (6,5 mm).

Launch top plate: Same as before, the holes for the belt bearings fixtures
needed to be drilled bigger (M6).

Launch drive shaft: It was 1,2 cm too long so it was necessary to cut it. Also
the key hole is just a flat surface as it can be seen in Figure 4.4 because the
mechanical workshop did not have a tool small enough to do it. It is possible
to mount the gear but it can fail at some point.

o1
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(a) Correct (b) Incorrect

Figure 4.4: Key hole.
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5.1 Prototype improvements

After mounting the prototype, some problems have been found and should be cor-
rected for a better final result:

Impossible to reach 90°: Although it is very close, the linear actuator reaches
its internal limit switch before arriving to 90°. One simple solution would be
to mount the sliding plank a little higher using the bottom brackets fasteners.
Three useless fasteners: Two fasteners from the component "Launch bottom
plate" cannot be reached and they should be removed or moved to a different
position. Also one of the fasteners in the "Launch motor fixture" does not have
space and it should be moved.

Belt access: One of the components that can be easily damaged is the belt,
and to change it it is necessary to disassemble too many parts. It would be
better to have an easier access to it.

Keep drone in the stand-by position: Because of the weight of the drone, when
the belt reaches the stand-by position, it goes down. It can be stopped using
the motor, but it would mean maintaining the motor active all the time.
Linear actuator bottom brackets: These components should have countersunk
holes to reduce the space occupied by the bolt and use it to install a chain to
organise the cables.

Unify fasteners: Although it is not critical, it would be advisable to use the
same type of fastener as long as it is possible. This would lead to a better
design and repair experience, since it will not be necessary to have so many
different fasteners in case something breaks.

5.2 Disadvantages of the control method

Although the control method chosen works well, it is possible to find different dis-
advantages that should be considered:

Security: At this moment there is not any security measures implemented. To
have access to the launcher it is only necessary to be inside the same network
to which it is connected. This could be enough for testing the prototype but
it should not be accepted in a definitive version.

Connectivity: The launcher needs to be close to a Wi-Fi network in order to
have access. In this case the prototype was always operating inside the range
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of the SSRS connection, but it should not be assumed that these are going to
be the circumstances in other locations.

IP Address: Since it works with the IP address, it is necessary to know be-
forehand which is the address inside the network in order to deploy the web
server. Based on that, the network should assign the same IP to the launcher to
provide a reliable service, without changing parameters every time the router
assigns a different IP.

Web based: One of its strongest points is also one of its weaknesses. All
the interface is based on web standards that worked at the moment of its
development. However, it is possible that in the future new standards appear
causing incompatibilities. Also it is optimised for current devices, but some
changes on the future devices can lead to an unexpected behaviour.
Industrial equipment: The Raspberry Pi and the RoboClaw motor controllers
work perfectly for prototyping, but they are not made to be installed outdoors
and they are not as reliable as other industrial equipment. Changing the
components should be considered if the project reaches a more advanced phase.
Interaction between interface and server: The interface based on web does not
have any real time interaction with the server. This means that sometimes
there could be some situations where the information on the screen does not
reflect the actual state. For example, if two devices have opened the web,
but the encoders are reset in one of them, the other device will not show that
change unless the page is reloaded.

5.3 Future work

Apart from solving the existing problems, the project still need to add several func-
tionalities before it is fully completed:

o4

o Limit switches: In the actual state, the encoders need to be reset manually. By

adding limit switches at the beginning and end of each movement, it would
increase the safety, because the motors would stop when they reach them,
and it would also be much easier to set the encoders to zero automatically.
The motor controllers chosen have a mode that can be configured using their
software and it provides automatic reset and home positioning every time the
system is rebooted.

Electronics box: All the electronic components should be organised in fixed
positions, and also make the access to them as easy as possible. The best
solution would be to design a box with defined spaces for each component to
be installed next to the column, in the space reserved for that use. The cables
should also be organised so they do not interfere when the column is retracted.
Open/close capsule mechanism: The capsule and its opening and closing mech-
anism has not been designed yet. However, this part is fundamental for the
launcher, because it protects the drone from any external damage, but also
exposes it so the people can see it. The materials have to be chosen carefully
in this case, because they need to be durable but also protect from the weather
and vandalism.



5. Conclusion

e Design cover: The internal parts and electronics need to be covered to protect
them and to provide a uniform and solid look to the launcher. It is important
because the launcher is supposed to be installed outside, so it has to be safe
for anyone approaching to it, solid to protect the internal components and
good-looking to accomplish its marketing purposes.

o Turn away from the Sun: To avoid any kind of damage to the drone caused
by the Sun, it would be interesting to develop a system where the launcher
automatically turns away from the Sun depending on its position. Since the
launcher is connected to internet, it would be possible to find an API that can
provide that information and integrate it in the software.

o Weather data: To calculate the correct position to perform a successful launch,
it is necessary to know the wind direction and speed. It would be possible to
integrate some sensors in the launcher but it would be even more interesting to
gather that information from the different sensors already installed in the area.
To do that, the launcher should have access to the database of the sensors, but
this is possible with the wireless connection available. Although the sensors
are not installed in the exact position as the launcher, the necessary accuracy
is not that high that it would be a problem.

e Solar energy: At the moment the prototype is powered by a battery, but
it should have a more reliable system to be sure that the power is always
available. One of the most interesting powering methods would be installing
solar panels to recharge the batteries. By doing that, the launcher could
be completely independent from the power grid and it could be installed in
many different locations. Also the power consumption is not that high, so this
solution seems technically feasible.

5.4 Implications and significance of the project

Even though the drone and its launcher are designed for sea rescues, the conclusions
and the technology developed for them can be used for other purposes. The basic
aim of the project is to have a drone ready to start under any condition, and that can
be very helpful for things as variate as monitoring wild animals, helping the police
to look for an objective or even as security control of large areas. Basically, the
possible uses for a drone launcher like this are very wide, and they will be even more
numerous if we attend to the increasingly interest of the society and the companies
to incorporate drones to new tasks.

Apart from the possibility to adapt it to another environment, the knowledge ac-
quired with the development of this prototype could also be used to improve its
design in future iterations. This means that more details can be added to the
launcher to improve its functionality, but using the basics developed on this thesis.
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A

Budgets

This appendix includes the two different budgets, the first version of the launcher,
with the worm gearbox, and the final version that ended up being built. A compar-
ison between them is also included.

A.1 Worm gearbox mechanism budget

All the necessary components that can be bought are listed below, grouping them

by supplier. The components that need to be mechanised are not included.

Table A.1: Worm gearbox launcher budget

Price/item

(Part No.: 148867)

Component | Name Items (SEK) Supplier
Lifting column X2
and encoder bB 1 25235 Technology
Belt 27AT5/60-0 1 6225 Mekanex
wheel
Belt 27AT5/12-2 1 2475 Mekanex
wheel
Belt 16-T5-460 1 263 Mekanex
Axis-clamps 172-427547 2 333,75 Mekanex
Worm gearbox | B 110 FB 53,00 C D -M V5 1 10000 Mekanex
Shipping 262.,5 Mekanex
Rotation RE 40 ©¥40 mm, Graphite
Brushes, 150 Watt 1 4121,25 Maxon
motor (Part No.: 148867)
Planetary Gearhead GP 42 C
Gearbox P42 mm, 3 - 15 Nm, Ceramic 1 2946,25 Maxon
Version (Part No.: 203124)
Encoder HEDS 5540, 500 CPT,
Encoder 3 Channels (Part No.: 110513) | * 861,25 Maxon
Pitch RE 40 ?40 mm, Graphite
Brushes, 150 Watt 1 4121,25 Maxon
motor



http://www.x2technology.se/en/
http://www.x2technology.se/en/
https://www.mekanex.se/produkter/komponenter/kuggremsdrifter/
https://www.mekanex.se/produkter/komponenter/kuggremsdrifter/
https://www.mekanex.se/produkter/komponenter/kuggremsdrifter/
https://www.mekanex.se/produkter/komponenter/axelkopplingar/axelnavforband/
https://www.mekanex.se/produkter/vaxlar/snackvaxlar/standard/
https://www.maxonmotor.com/maxon/view/product/motor/dcmotor/re/re40/148867?target=articleDetail
https://www.maxonmotor.com/maxon/view/product/gear/planetary/gp42/203124
https://www.maxonmotor.com/maxon/view/product/sensor/encoder/Encoder-HEDS-5540-500imp/110513?combinationID=0
https://www.maxonmotor.com/maxon/view/product/motor/dcmotor/re/re40/148867?target=articleDetail

A. Budgets

Planetary Gearhead GP 42 C
Gearbox ?42 mm, 3 - 15 Nm, Ceramic 2946,25 Maxon
Version (Part No.: 203122)
Encoder HEDS 5540, 500 CPT,
Encoder 3 Channels (Part No.: 110513) 861,25 Maxon
Shipping 327,5 Maxon
Bearing THK RUS85 1420 Aliexpress
Wind . . -
<ensor Direction (Voltage type) 415 Aliexpress
Arduino Uno 212 RobotShop
Motor RoboClaw 2x30A 1250 RobotShop
controller 1
Motor RoboClaw 2x15A 900 RobotShop
controller 2
Shipping 253 RobotShop
Total 57933

A.2 Final version budget

This new budget includes more details that the one in table A.1, introducing also the
necessary electrical components to connect and power the launcher. Nevertheless,
some minor components such as USB cables or spade connectors have not been
included due to its lack of importance in the final price. Changes in suppliers are due
to stock availability differences in the moment of the order. Also, the components
from the mechanical workshop are not included.

Table A.2: Vertical linear actuator launcher budget

Price/item .
Component Name Items (SEK) Supplier
Lifting column X2
and encoder bB 1 25235 Technology
Big gear wheel M3X70-P 1 1391 OEM Motor
Small gear wheel | M3x12 1 81 OEM Motor
. Hiwin
Bearing CRBE09025AWWCSPA 1 5602 Aratron
Shipping 1000 Aratron
Rotati RE 40 ¥40 mm, Graphite
m(())t?)rlon Brushes, 150 Watt 1 4121,25 Maxon
(Part No.: 148867)
Planetary Gearhead GP 42 C
Gearbox 42 mm, 3 - 15 Nm, Ceramic 1 2946,25 Maxon
Version (Part No.: 203124)
Encoder HEDS 5540, 500 CPT,
Encoder 3 Channels (Part No.: 110513) ! 861,29 Maxon
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https://www.maxonmotor.com/maxon/view/product/gear/planetary/gp42/203122
https://www.maxonmotor.com/maxon/view/product/sensor/encoder/Encoder-HEDS-5540-500imp/110513?combinationID=0
https://es.aliexpress.com/store/product/CRBF5515UUT1-P5-Crossed-Roller-Bearings-55x120x15mm-Thin-section-bearing-IKO-High-precision-Robotic-Bearings/1500617_32281280007.html?spm=a219c.search0104.3.2.57b45972UR0qNa$&$ ws_ab_test=searchweb0_0,searchweb201602_4_10152_10151_10065_10344_10068_10342_10343_10340_10341_10084_10083_10618_10307_10301_10303_10313_10059_10534_100031_10629_10103_10626_10625_10624_10623_10622_10621_10620_10142,searchweb201603_25,ppcSwitch_7$&$ algo_expid=f6ba0b19-66ab-4f48-b205-c866452f31d4-0$&$ algo_pvid=f6ba0b19-66ab-4f48-b205-c866452f31d4$&$ transAbTest=ae803_5$&$ priceBeautifyAB=0
https://es.aliexpress.com/store/product/4-20mA-Wind-Direction-Sensor-Voltage-type-Wind-Direction-Sensor-Anemometer-485/410640_32623648854.html?spm=a219c.search0104.3.48.1cd152810r5yNa$&$ ws_ab_test=searchweb0_0,searchweb201602_4_10152_10151_10065_10344_10068_10342_10343_10340_10548_10341_10084_10083_10618_10307_10301_10303_10313_10059_10534_100031_10629_10103_10626_10625_10624_10623_10622_10621_10620_10142,searchweb201603_25,ppcSwitch_7$&$ algo_expid=61de9c4f-e586-4c47-8802-8a3cb121e96a-7$&$ algo_pvid=61de9c4f-e586-4c47-8802-8a3cb121e96a$&$ transAbTest=ae803_5$&$ priceBeautifyAB=0
https://www.robotshop.com/eu/en/arduino-uno-r3-usb-microcontroller.html
https://www.robotshop.com/eu/en/roboclaw-2x30a-6-34vdc-regenerative-motor-controller.html
https://www.robotshop.com/eu/en/roboclaw-2x15a-6-34vdc-regenerative-motor-controller.html
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RE 65 ¥65 mm, Graphite

Launch Brushes, 250 Watt 1 7425 Maxon
motor (Part No.: 388984)
Encoder HEDL 9140, 500 CPT,
Encoder 3 Channels (Part No.: 386001) 1 1862,5 Maxon
Linear actuator ANT-52, 250 mm stroke, 1 2000 Sito-Motor
Hall sensor
Motor RoboClaw 2x30A 1 1104 Pololu
controller 1
Motor RoboClaw 2x15A 1 795 Pololu
controller 2
Shipping 604 Pololu
Battery Multistar 10000 mAh 6S 10C 1 619,75 HobbyKing
Cable 6 m 10 AWG Black 1 128 HobbyKing
Cable 5m 10 AWG Red 1 132 HobbyKing
Cable 10 m 14 AWG Black/Red 1 106 HobbyKing
Connectors XT90 male/female 1 50,3 HobbyKing
Raspberry Pi Model 3 B+ 1 416,25 Elfa
SD card MicroSD 16 GB 1 112 Elfa
HD-Wide-Angle
Camera Camera Module 1 413,75 Elfa
Terminal block Weidmiiller WDU 10 6 40,75 Elfa
Terminal block Cross connector 2 22,87 Elfa
Terminal block End bracket 2 19,12 Elfa
Terminal block End plate 1 11,97 Elfa
Terminal block DIN rail 1 81,12 Elfa
Switch Main switch 13 kW 1 311,25 Elfa
Total 57739,12

A.3 Comparison

Comparing the price of the previous pitch mechanical components (18256,25 SEK)
with the new one, where only a linear actuator is needed (2000 SEK), the price has
been reduced by around 90 %. Regarding the rotation, the motor and gearbox is
the same but the price of the bearing has increased because it is bigger and the
quality is higher to support the momentum from the base. Even including more
components from the electrical part and the new launch motor, the total price is
now lower than in the previous budget.
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Python

This appendix gathers all the serial instructions sent by the Raspberry Pi to the mo-
tor controller and the functions in Python. The serial instructions use the RoboClaw
library supplied by the manufacturer.

B.1 Serial instructions

rc = Roboclaw("/dev/ttyACMO",115200)
rc.0pen()
Opens the serial port with a speed of 115200 bauds.

rc.ForwardM1(address, speed) / rc.ForwardM2(address, speed)

Drives motor 1 / motor 2 forward, specifying the address of the motor controller and
with an speed range from 0 to 127. It is also used for stopping the motor choosing
0 speed.

rc.BackwardM1 (address, speed) / rc.BackwardM2(address, speed)
Drives motor 1 / motor 2 backward, specifying the address of the motor controller
and with an speed range from 0 to 127.

rc.SpeedDistanceMl (address,speed,distance,buffer) /
rc.SpeedDistanceM2(address,speed,distance,buffer)

Drives motor 1 / motor 2 with a signed speed (encoder pulses per second) for the
given distance (encoder pulses). The sign on the speed and distance indicates which
direction the motor will run.

The Buffer can be set to a 1 or 0. If a value of 0 is used the command will be
buffered and executed in the order sent. If a value of 1 is used, the current running
command is stopped, any other commands in the buffer are deleted and the new
command is executed. Each motor has separate buffers.

rc.ReadEncM1 (address) [1] / rc.ReadEncM2(address) [1]
Reads encoder for motor 1 / motor 2. The parameter "[1]" reads only the actual
encoder pulse (position).

v
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rc.ResetEncoders(address)
Resets encoders to zero.

rc.ReadMainBatteryVoltage (address) [1]
Reads the battery voltage in 10ths of a volt.

B.2 Functions

index ()
Renders the HTML template.

function_movement_direction()
Movement can be pitch, rotation, lift or launch and direction can be up or down.
Drives the motor selected forward or backward.

function_movement position()

Movement can be pitch, rotation, lift or launch.

Checks that the encoders have been reset and receives the desired position. Then, it
calculates the encoder pulses that the motor should move based on the total encoder
pulses and the desired position. Finally, moves the motor forward or backward to
reach the objective.

function_movement stop()
Movement can be pitch, rotation, lift or launch.
Stops the motor.

function_max_movement () / function_min_movement ()
Movement can be pitch or lift.
Drives the motor to the maximum or minimum position.

function reset _encoders()
Resets encoders to zero.

function_battery_voltage()

Gets the battery voltage, turn the value into volts and rounds it to 2 decimals. The
result is returned using JSON.
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function_stop()
Stops all the motors.

function_standby ()

Checks that the encoders have been reset. Then, it calculates the encoder pulses that
the motors should move based on the total encoder pulses and the actual position.
Finally, moves the motors forward of backward to reach the objectives.

The objectives are minimum pitch, minimum lift, desired rotation and drone in the
middle of the capsule.

function_prepare()

Checks that the encoders have been reset. Then, it calculates the encoder pulses that
the motors should move based on the total encoder pulses and the actual position.
Finally, moves the motors forward of backward to reach the objectives.

The objectives are maximum lift, desired pitch and rotation and drone in the back
part of the capsule.

function_launch()

Checks that the encoder from the launch motor have been reset. Then, it calculates
the encoder pulses that the motor should move to go to the back part of the capsule,
based on the total encoder pulses and the actual position. Finally, drives the launch
motor to launch the drone.

function_mount ()

Checks that the encoders have been reset. Then, it calculates the encoder pulses that
the motors should move based on the total encoder pulses and the actual position.
Finally, moves the motors forward of backward to reach the objectives.

The objectives are maximum pitch, minimum lift, desired rotation and platform
ready to mount the drone.

function_automatic_launch()

Checks that the encoders have been reset. Then, it calculates the encoder pulses that
the motors should move based on the total encoder pulses and the actual position.
Finally, moves the motors forward of backward to reach the objectives.

The objectives are first, go the launch position, then, launch the drone, and finally,
go to stand-by position.

function disable buttons()
Returns the variable encoders ready, which indicates if the encoders have been
reset, using JSON.
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Drawings

This appendix collects all the drawings used in the project to mechanise the metallic
and plastic components necessary to build the prototype. These blueprints were
drawn by Fredrik Falkman.

The reason to include them is to make this document an accurate compilation of all
the work performed related with the drone launcher and also to indicate all the real
measures, which can be useful in the next iterations of the project.
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Figure C.31
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Figure C.32: Rotation base plate.
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Rotation motor plate.

Figure C.33
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