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ACRONYMS
MEMS Micro-electromechanical system
RF Radio frequency
GPS Global Positioning System
PCB Printed circuit board
PWB Printed wiring board
EWB Etched wiring board
IDE Integrated development environment
UML Unified modeling language
Rx Receiver
TX Transmitter
FSW Flight software
GUI Graphical User Interface
CBE Commercial Bank of Ethiopia
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GLOSSARY

Temperature Sensor: - measure temperature or heat on the environment or sometimes for any
operating machine part. the sensor consists a thermocouple and this thermocouple consists of two
dissimilar conductors that contact each other at one or more points. The junction of the two
conductors is heated or cooled, a voltage is created that can be correlated back to the temperature.

Thermocouple alloys are commonly available as wires.

Pressure sensor: - senses and measures gas or liquid pressure. The pressure sensor in electronic
circuits is in the form of an integrated circuit that acts as a transducer, that is, it replicates (in the
form of an electrical signal) the signal it receives as a function of imposed pressure. pressure sensor
calls as pressure transducer, pressure transmitter, pressure sender, pressure indicator, piezometer

and manometer.

Accelerometer: - transducers detects the acceleration of the CanSat in a form of gravity through
a micro-electromechanical system (MEMS), which changes electrical properties such as voltage.

These changes are translated into signals, which are sent to the software for processing.

Global Positioning System (GPS): - navigation and precise-positioning tool, it helps to know the
position of the CanSat. Scientifically, GPS made up of three parts: satellites, ground stations, and

receivers.

Arduino Uno: - open-source electronics platform or board and the software used to program it,
and Arduino board includes a microcontroller, which is programmed using Arduino programming

language and the Arduino development environment.

Microcontroller: - a computer present in a single integrated circuit which is dedicated to perform
one task and execute one specific application. It contains memory, programmable input/output
peripherals as well a processor. Microcontrollers are mostly designed for embedded applications
and are heavily used in automatically controlled.
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Radio module: - transceiver which can transmit and receive signals. Usually, a transceiver

contains both a transmitter and a receiver, both of which share common circuitry.

power supply: - a component supplies power to at least one electric load. Typically, it converts
one type of electrical power to another, but it may also convert a a different form of energy — such
as solar, mechanical, or chemical - into electrical energy. devices integrated within the component

being powered.

Transistor: - is a semiconductor device that exhibits all the properties of a switch, allowing or
blocking the flow of electrons. It has three terminals, one for input, one for output and one for
controlling switching. It is the fundamental building block of modern electronic devices and is

commonly found in circuit boards as discrete parts or embedded into integrated circuits.

Resistor: - an electrical component with two terminals that is used to limit or regulate the flow of
electrical current in electronic circuits and reduce current flow as well as lower the voltage levels

in its general vicinity or portion of the circuit. regulate the actual load on the system.

Potentiometer: - a resistor featuring variable and adjustable resistance controlled via a sliding or

rotating contact manually. In order to regulate resistance, and acts as a voltage divider.

Printed circuit board (PCB): - electronic circuit used in devices to provide mechanical support
and a pathway to its electronic components. It is made by combining different sheets of non-
conductive material, such as fiberglass or plastic, that easily holds copper circuitry. PCB is also
known as printed wiring board (PWB) or etched wiring board (EWB).

Capacitor: - small piece of electrical hardware that can hold electrical energy within a circuit or
field. Experts sometimes refer to capacitors as a type of internal battery or energy holder. it slows
down the amount of current and then distributes it according to what the circuit can handle.
Manufacturers use materials including electrical conductors and insulating materials like glass or

ceramics as capacitors.
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ABSTRACT

CanSat is a simulation of real satellite, proposed by American professor for teaching purpose and
students to get hand on experience about satellite design, but, in the time being, many developed
countries were deployed CanSat for measuring weather condition and other scientific data. This
research work will present design and development of CanSat to transmit, weather data from
troposphere level to ground station. In this research the CanSat is build up from only locally
available material. The CanSat used advanced and most reliable microcontroller, pressure and
temperature sensors, accelerometer, and the radio module to communicate with the ground station,
GPS accelerometer and other electrical components. Electronic circuit design, programming,
structure design, aerodynamics effect is done. The CanSat measure weather condition, and GPS
data from 70-meter height of building to ground station wirelessly. But This CanSat can transmit
from 1000-meter height to ground station, but this is tested in 70-meter height from ground. The
main mission of this research is to solve the problem of Ethiopia metrology agency. Ethiopia
metrology agency invest 240 euro per day to purchase weather satellite for broadcasting daily
weather data. It is use and throw. This research shows to recover the satellite, safe landing without
damage and it works also for next days. This is tested using mini balloon by venting and closed by
solenoid valve at specified time. Finally, the CanSat measured Data is compared to Ethiopia

metrology data. And the measured data is similar.

Key words: CanSat, real satellite, sensor, ground station, GPS, temperature, pressure, gravity
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CHAPTER ONE

BACKGROUND AND OVERVIEW

1.1. Introduction
CanSat is a coined form of two words, can and satellite, it is a simulation of real satellite integrated
within the volume and shape of a soft drink can.
A CanSat is an initial motivation of a real satellite. CanSat is a small but it is a real satellite and
the main to carry the payload. Avionics and structure could be named as CanSat. There are several
CanSat requirements. Different CanSat competitions have their own requirements but can
generalize some main requirements are common. [1]
A CanSat design is considered a basic teaching tool for introduction to satellite design and
development. CanSat have a great importance to understand and experience the whole process of
Design, test, launch, and recovery of CanSat. CanSat consists of many disciplines including
electronic circuit Design, control, aerodynamics, atmospheric physics, communication,
programming, mechanical construction, etc. [2]
All over the world many space masters students are designed their own small satellite which is
called CanSat. Their launching mechanism is either rocket or balloon. when the CanSat is launched
by rocket, the CanSat will launch Faster rather than using balloon. it is possible the rocket is still
moving quickly. But, for this research purpose of deploying is using balloon.
Most of the time, the CanSat is launched to an altitude of a few hundred meters by a rocket or
dropped from a platform or captive balloon, and its mission begins to carry out a scientific
experiment and achieve a safe landing. CanSat offer a unique opportunity for students to have a
first practical experience of a real space Projects. This research is responsible for all aspects:
selecting its mission, designing the CanSat, integrating the components, programming the on-
board computer, testing, preparing for launch and then analyzing the data. Many researchers use
own designed parachute for descent of the CanSat, they use strong cord and have the cord sewed
into the parachute material. High-performance parachutes secure the cord across parachute. [3].

But, in this research, didn’t use parachute for landing purpose. For landing purpose conclude that
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to use its own balloon, by venting the balloon using air solenoid valve until becoming the
gravitational force greater than drag force.

The Electrical system is needed for CanSat for communication and the internal components. In
choosing an electrical system, considered requirements of the mission. The electrical architecture
includes sensors, microcontroller, battery, and another circuitry. Consider power up enough power
to other subsystems. And alkaline batteries are selected. The batteries connect to the sensors and
the microcontroller.

In November 1998 at the University Space Systems Symposium (USSS) held in Hawaii, Prof. Bob
Twiggs, (Stanford University Space Development Laboratory) suggested the so-called "CanSat™
concept, whereby the entire satellite would adopt the size of a 350-ml can.

CanSat is a small satellite analog, all of the components, such as sensors, solenoid valve, GPS, and
Arduino/microcontroller/ are housed inside to the designed structure.

The CanSat is small, non-orbiting and with limited complication, but it is still like a "satellite™ in
terms of many of the challenges real satellites faces. [4]

This research is conducted to achieve gaining scientific/weather condition/ data and safe landing
for recovery purpose. This mission is achieved by designing the structure then its static and
dynamics analysis became safe, and its electrical and software part of work is successfully work.

The CanSat sends real data wirelessly to the ground station, and sensors are calibrated and

compared their reading to other meteorology data.

1.2 Statement of the problem
Developed nations use small and easy to deploy methods to know weather conditions and to create
awareness of the people about creating of small satellite, but in our country still now has the
problem of design and development of CanSat, no design and development of CanSat, this research
is conducted, as a technology transferring from developed nation to our developing country.
Ethiopia meteorology agency import assembled CanSat for measuring weather data, they didn’t
add any modification on the structure as well as on the programming part. in the time being,

Ethiopia meteorology agency invest 240 per day for broadcasting weather data, because satellite
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used for weather monitoring is use and throw, it does not recover This research is build up from
locally available materials and its own structure also will construct from locally available material.
And after all it will launch then send weather data and GPS data wirelessly and safe land recovered,
then finally compare the scientific weather data with Ethiopia meteorology agency weather data.
This research is conducted also to get experience, create awareness, and initiate the people about

satellite design.

1.3 Objectives

1.3.1 General objective

The general objective of this research is to design and development of CanSat that used to measure

weather data from troposphere level to the ground station.

1.3.2 Specific objective
1. To Design the structure of CanSat with appropriate local material.
2. To Integrating electronics inside a can and Programming ground station
3. To analyze the scientific data obtained and Check or compare the scientific data with

Ethiopia meteorology agency data.

1.4 Significance of the study
The finding of this research is will redound to the benefit of the society considering that CanSat
plays an important role in science and technology today. The peoples that have a CanSat concept,
they justify the overall system of real satellite, because, CanSat is a simulation of real satellite.
Thus, from the result of this research peoples will have a wide awareness about CanSat, and also,
people will have a weather data from troposphere level. For the researcher, this research helps for
the people for hand on experience for the next uncover critical areas in the satellite design that
many researchers were not able to explore. Thus, a new practical and theoretical skills on satellite

are arrived.
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1.5 Scope and Limitation
The scope of the research is limited to design and development of CanSat to transmit weather data
from troposphere level to the ground station. The altitude will have 1000 m height because of the

radio module, which is available in our country works for up to 1000m.

And also, the CanSat measure the lowest layer of earth atmosphere, called as troposphere (Om-
10000m).

This research has some limitations, this are:

> It does not include gathering data, like imaging through camera due to lack of camera
sensor in our country

» Stress analysis of chases will not test experimentally, test by ANSYS software only.

1.6 Materials and methods

1.6.1 materials
Microcontroller/Arduino
Radio Module and Antenna
Pressure sensor and temperature sensors
GPS module
Printed circuit board (PCB) and Connector PCB to Arduino
Resistor
Potentiometer
transistor
A battery
computer
Voltage regulator
Software of Arduino/ Arduino IDE
Balloon and Material for can

YV V.V V V V V V V V V V V
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1.6.2 Methods

v Dataare collected: ~ From Ethiopian meteorology agency
From literature review
Using ANSYS software for stress analysis of the bracket
Using ANSYS software for explicit dynamics (impact) analysis of the of the structure
Radio module is programed by using RF magic
Microcontroller is programed by integrated development environment

AN N NN

Using C++ and Java as required for programming of the system
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1.6.3 Procedure

The following steps are used during working, and | will follow this procedure.

[T mmmmm— I
I
: | Mission analysis | i
Phase 1 'I |
: : ;
| | Diata collection | | Literature review | |Pmposalwntmg | !
[
e e e e e e e e e Q __________________________________ ¥
P O OO O e e Y e e e o o O e ey 1
Phase 2 - | System design | | Selection of electronics :
e ————— R ———————————— e L D DD '
e —— ) —————
: | Desien the structure | l|
I |
Phase3 | ! . ;
i | Design of CanSat Check stress and impact analysis using ANSYS :
I
e T LT {} ---------------------------------- -
i a
: Electrical work and Micro y
I controller programming :
[
Phase 4 : .
: Using mat lab :
[ I
i No Uszing C++ or Java i
1 Yes ]
I | I
I
i Communication protocol -
.. _ _ e ] I
AR | — ,
Phase 5 i Implementation and integration i
. o e St VYV VOV 4
r ——————————————————————————— g— ————————————————————————————————— 1
Phase 6 : Testing and Documentation :
b mmmmmmmmmm e mmmmmeemmmmmmemmmmemmmmmm—mmmmmmmmmmmmmmmmm e )
Figure 1.0.1: Procedure
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1.7 Expected out come

» Getting weather data from troposphere and display it in graph:

Temperature versus altitude
Pressure versus altitude
Altitude versus time

» Returning/recovering/ the CanSat to the ground safely
» Knowing the specific proper landing area

Waleligne Molla
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CHAPTER TWO

2. LITERATURE REVIEW
2.1 Mission of CanSat

In many developed nations, CanSat developers have different missions, in 2009 Agnete (team
leader), Julie (mathematician), Simon (programmer) and Steffen (technician). From Denmark,
they had been primary mission, measure temperature and pressure of the environment and they
had been secondary mission, they include GPS measurement and acceleration measurement at 30
meters of height. [5]

In 2010 European space agency (ESA) Education Office and the Norwegian Centre for Space-
related Education (NAROM) organized CanSat computation for competitors, the mandatory
mission of the space agency was calculating variations in Earth’s magnetic field and tracking the
Sun, to measuring solar radiation and levels of carbon dioxide. [6]

In 2011, 13 teams they are from Irish, Italian and Scottish national CanSat competitions, and they
join to computation organized by European space agency (ESA) Education Office and the
Norwegian Centre for Space-related Education (NAROM) in the primary mandatory mission of
the space agency. The primary mandatory mission of the space agency was measuring of air
temperature and air pressure of the environment and then transmit to the ground station through
radio communication from the height of 1km and Andgya Rocket Range in Norway.

In 2012 There was competition launch campaign, which was organised in collaboration with the
Norwegian Centre for Space-related Education (NAROM), takes placed between 22-26 April
2012. Their primary mission was measuring air temperature and air pressure. The chosen teams,
each from a different European country, will build their own sma00ll ‘satellite’, with the help of a
kit in the form of a soda can. The ultimate objective of each team is to launch a CanSat at Andgya
Rocket Range in Norway. [7]

In 2013, 15 teams were selected for the computation of organized by European space agency in
the mandatory mission of the space agency, the primary mission was measuring air temperature

and air pressure of the environment of and then transmit to the ground station through radio
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communication from the height of 1km and Andgya Rocket Range in Norway before separating
from rocket. [8]

In 2014 European space agency was selected 5 beginner category group and 4 advanced category
group to join the computation and take part in the launch campaign, which will be hosted at the
Andgya Rocket Range in Norway. From the binger category, Gamma team, from Bremen in
Germany, their CanSat mission was measure the temperature and humidity profile during descent.
R.E.D team, also from Bremen in Germany, their CanSat mission was test an alternative energy
system based on solar panels. ViannoSat team, from the Greek island of Crete, their CanSat
mission was test deployment of a tethered satellite to measure Earth's magnetic field. Carmen
Sylva 1 team, from Eforie Sud, also in Romania their CanSat mission was to study the atmosphere
and magnetic field and attempt a controlled landing. GrecoSat team, from Toledo in Spain, their
mission CanSat was measure atmospheric gases and attempt a landing cushioned by an air bag. [9]
From advanced category, PragSAT team, from Jecna in the Czech Republic, Their CanSat mission
was measure 3D acceleration and magnetic fields. Aristarchus team, from Strati Myrivili in
Greece, Their CanSat mission was make observations of the Sun. Kraksat 2014 team from Krakéw
in Poland. Their CanSat mission measure radiation changes to detect life. Ro-Sat One team, from
Piatra Neamt in Romania. Their CanSat mission obtain data during descent and after landing with
a rover. [9]

In 2015 ESA’s Education Office select teams to take part in the launch campaign, which will be
hosted at the Santa Cruz Air Field in Portugal and the teams has its own cansat mission.

AlpSat from BG/BRG Stainach (Austria) their cansat mission was measure position and height
with GPS, acceleration, 3-dimensional positions with different methods, and a camera for Earth
observation.

AnaCAN Skywalker from Rgnde Gymnasium, Denmark, their cansat mission was monitor the
atmospheric conditions and solar radiation, analysing atmospheric environment and air pollution
while streaming pictures and the data measured by the CanSat on a website in real-time. AzeroSat
from Instituto de Eduacién Secundaria La Canal Petrer, Spain, their CanSat mission was approach

a given point during the descend based upon the pictures taken by the camera while descending
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and move once on the ground with two wheels.

GirlsSAT 2015 from Prague (Czech Republic), their CanSat mission was demonstrate
microgravity while testing a transceiver with automatic data processing and plotting.

G-Rosetta from the 1st School Laboratory Center of Athens and the 1st VVocational School of Agii
Anargiri (Greece), their CanSat mission was measure the resistance of air with a free-falling
capsule that transmits acceleration to the Ground Station in real time through the CanSat.
RosettaCan from Colegio Retamar, Pozuelo de Alarcon, Madrid (Spain), their CanSat mission was
compare two descent data sets, the CanSat, and an attached probe named Philae.

SG Can Science 2015 from Silkeborg Gymnasium, Denmark, their CanSat mission was establish
two-way communication between the CanSat and the Ground Station in order to take some photos
during flight at their commands.

Sky Shepherd from the Istituto Adone Zoli from Atri, Abruzzo (Italy) their CanSat mission was
detect and measure the variations of solar radiation and air pollution while studying an efficient
landing system.

Spaceclub berlin from FEZ Berlin (Germany) their CanSat mission was measure the angle of the
CanSat, the magnetic field, the particulate concentration and will take pictures of the flight within
others.

SPTC (Scientific Project for The Curios) from Pedersére Gymnasium, Finland, their CanSat
mission was measures uv radiation that is ionizing and harmful to the human body while using a
speaker to find the CanSat after it has reached the ground.

TechSwarm from V Liceum Ogolnoksztatcace im. Augusta Witkowskiego in Krakow (Poland),
their CanSat mission was measure the magnetic field and environmental conditions with full
panorama transmitted pictures using a rotating camera.

Team Steve from Scoil Mhuire Gan Smél, Blarney, Co. Cork (Ireland) their CanSat t mission was
deploy a soft-landing system simulating a lander on a planet and will measure hardness of the
surface and seismic activity once landed.

NEXUS-T from Colegiul National Petru Rares Suceava (Romania) their CanSat mission was take

soil samples and analyze. recording on a camera and sending the images to the ground station.
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Team Impulse from St Paul’s School, London (UK) will deploy a rover which their CanSat mission
was be able to travel short distances on the ground, monitor the humidity and dew points during
the flight and attempt to detect micro climates on the airfield using an infra-red camera.

CanSat Kakao from Heimdal Videregaende skole, Trondheim (Norway) will measure the
humidity in the atmosphere and make a graph of it during the whole mission to see the difference
in different heights.

AeroSpace from Escola Basica e Secundaria de Santa Maria, Azores (Portugal), their CanSat
mission was send and receive S.0.S. messages with RF radios apart from other sensor measuring
such as temperature and pressure. [10]

In 2015 Alpsat team was conducted research entitled by of the comparison of different height and
position determination methods, the mission of the CanSat was compare three of these methods in
terms of accuracy and expenditure, namely barometric height measurements, accelerometry and
GPS. The research was conducted within the framework of the 2015 European CanSat
Competition organized by the European Space Agency (ESA) [11]

In 2015 Can science team their CanSat primary mission was to measure temperature and pressure,
and, by knowing the pressure, to calculate the altitude of our CanSat. their secondary mission was
to create a two-way communication between the ground station and our CanSat with an on-board
camera in order to be able to take a picture on demand and, by using acceleration, gyroscope and
GPS, determine the exact position and orientation of the CanSat at the moment each picture was
taken. Also, they wanted to store all of our data on a micro-SD card. [12]

In 2015 GirlsSAT team, their Primary mission was to measure air temperature and air pressure
after release and during descent. As a secondary mission the team chose 3D acceleration
measurement and 3D measurement of magnetic field of Earth. Furthermore, they were had decided
to add 3D gyroscope and GPS for positioning CanSat. [13]

In 2015 Team Impulse produced a rover for the European CanSat competition which successfully
recorded and sent back to the ground internal temperature, pressure and humidity. The altitude

calculations based on pressure data were solved successfully [14]
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2015 Rosseta Can team, their CanSat primary mission of pressure and temperature measurement.
And their secondary mission was to let a device (with the structure of the maple seed), which they
called “Philae”, separate it from the CanSat and drop it, studying the aerodynamics of the flight
and testing different materials and different types of structures that best fit that type of flight. [15]
In 2015 La burgoneta espacial (space van) from Spain, their CanSat primary mission was Find a
planet that could sustain human life and Get information from the topographic survey to choose
the right landing spot for future missions and Broadcast live mission information to the general
public and measure air temperature, air pressure. Their secondary mission was the CanSat gets,
stores and transmits UV radiation data, CO2 concentration data, Navigation data and position, Video
[16].

In 2016 ESA’s Education Office select teams to take part in the launch campaign, which will be
hosted at the Santa Cruz Air Field in Portugal and the teams has its own CanSat mission.

Can't team from Norway, their CanSat mission was receive GPS position and measure relative
humidity and will try to find the connection between height and the relative humidity.

Carmen Sylva 2: Operation Eagle Dive team from Romania, their CanSat mission was control the
flight of the CanSat using an elliptical parachute, determining the parameters of the flight and
environment. DIASat team from Greece, their CanSat mission was simulate the detection of micro-
climate conditions on a goldilocks planet and propose the appropriate plantation planning for a
future space farming project. ENTA Team SAT2 from Portugal, their CanSat mission was create
an innovative capsule to hold the electronics of the CanSat, optimize and improve ground control
by creating a monitor and control panel (CMCP) and will study the solar light irradiance to evaluate
photovoltaic potential by integrating light sensors (light to frequency converters).

GiLASat team from Poland, their CanSat mission was collect and transmit GPS position data,
measure the amount of energy generated by a turbine mounted in the parachute's canopy and
determine the intensity of atmospheric light dispersion. LegoSat team from Italy, their CanSat
mission was make the CanSat land in a predefined spot and will build the structure of the CanSat
using Lego components. Vasa Ovningsskola team from Finland, their CanSat mission was test

their CanSat design for emergency payload delivery to inaccessible areas.
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RAJsat team from Czech Republic, their CanSat mission was design their CanSat as a main probe
that communicates data as a rescue system and with their own designed radiation sensor.
Schrédingers Kat team from Denmark, their CanSat mission was use UV data to examine the
environmental pollution of the air.

SPAICS (Satellite Program Amsterdam International Community School) team from The
Netherlands, their CanSat mission was collect wind data at different altitudes.

TerraSat team from Spain, their CanSat mission was control the descent of the CanSat to a pre-
established target and measure the relative humidity of the air during the descent.

Tonbridge Cannoneers team from UK, their CanSat mission was use their CanSat as a means of
determining the validity of a parachute design by monitoring descent velocity, acceleration and
parachute movement.

URSinvestigators team from Germany, their CanSat mission was measure relative humidity with
the SHT15 (humidity and temperature sensor) and program their CanSat to collect air samples
during its fall. [17]

In 2017 European CanSat competition. 13 national competition winners, together with two
national teams selected by ESA, will take part in an exciting launch campaign hosted at the
Rotenburg Airfield & ZARM facilities. The team missions are,

Acidasat from Switzerland, their secondary CanSat mission was to safely land their CanSat with a
motorised system. Four rotors on the CanSat generate a downwards force to control the descent.
The landing will be completely controlled on board with no external communication with the
CanSat. Furthermore, they will collect data from multiple positioning sensors during the flight to
generate an animation afterwards.

Burgoneta Espacial from Spain, their CanSat mission was to finding a planet that could sustain
human life (measuring UV radiation and CO?), getting information from the topographic survey
to choose the right landing spot for future missions, and broadcasting live mission information to
the general public (video and telemetry data).

C.AN.LS from Greece, the aim of their secondary CanSat mission was to turn their CanSat into a

useful tool that monitors forest fires and transmits the data to a fire brigade. The task will be
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completed by using a camera that is able to detect near infrared radiation. The main objective of
their secondary mission is to detect a forest fire and especially the area it affects.

Canny Potter from Ireland, the primary objective of their CanSat mission was to gather essential
data on descent through the atmosphere and evaluate the data in terms of abiotic factors. Abiotic
factors include suitable temperature, pressure, and moisture content; these are key enablers for the
existence of life. Terrestrial evaluation will be used as a guide for the development of a probe
suitable for launch on the moons of the outer solar system.

CANpernicus from Poland, their CanSat mission was to determine the possibility of life’s
existence on a planet, or on other words, to find conditions similar to the Earth’s. They will check
for conditions most suitable for life as we know it, and in order to do so they will measure,
humidity, light intensity, magnetic field intensity and CO? concentration. Furthermore, try to
perform a targeted landing.

ENTA Team Sat 3 from Portugal, the team, their CanSat mission was study the effects of space
travel on cell activity, using earthworms as bioindicators. This mission can be divided into three
parts: monitoring additional variables, performing advanced TT&C, and studying the effect of
space travel on cell activity by performing biomonitoring.

FluoSat from Italy, their secondary CanSat mission was based on a spectroscopy experiment: they
are going to measure the temperature of the sample and adjust it in order to keep the fluorescent
emission of the sample constant, that changes with temperature. Their final goal is to put an E.
Coli bacterium modified GFP culture into the CanSat, that can be altered to produce useful
substances for the human body, for example insulin.

Greetings from Space from Netherlands, their secondary CanSat mission was to discover a new
planet’ and to sketch an image of the so-called planet with camera images and collected data. With
the temperature, air pressure, and percentage of oxygen in the air, they want to conclude if life is
possible on this planet. They have as well designed a landing system so that their CanSat will land
in a pre-determined position.

GWC CanSat from UK, in general terms, the team has divided their CanSat mission was into two

categories. Firstly, they have designed their CanSat to monitor general atmospheric trends, through
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temperature, barometric pressure, and humidity sensors. Secondly, their CanSat is also capable of
constructing a heat map of the surface below. In order to accomplish this goal, their CanSat needs
to be able to precisely track its orientation and position, as well as measure temperature of the
ground surface below the CanSat.

Raj Sat from Czech Republic, their CanSat mission was to build a universal probe that measures
air temperature and pressure and any other physical quantities thanks to its ability to connect many
separate modules. During RAJsat4’s flight, they will measure the quantity of air contaminants,
acceleration, rotation, magnetic field, radiation intensity, and GPS data. They also want to provide
multiple ways of locating their CanSat after the flight.

Recognize from Germany, in the flight mode their CanSat mission was will pictures of the surface
below and saves these pictures on the onboard USB-Stick (PiCam V2). At the same time, it will
measure the barometric pressure, temperature, the calculated altitude (data from BMP280) and
data of its positioning (data from the Ultimate GPS and BNO). The images will be analysed by
feature-matching and neural network programs.

SpaceWalk from Belgium, Spacewalk have created a robot, named “Fixy”, that checks the proper
functioning of the primary CanSat mission. It will hook up to it and will be powered by an engine.
It will connect to the different components (temperature, pressure and humidity sensors, battery,
transmitter, etc.).

Tomis 111 from Romania, in addition to primary mission, their secondary CanSat mission, they are
going to conduct a complex analysis of a given environment, a through the study of air, soil, and
characteristics of electromagnetic radiation, in order to determine the habitability of the
environment.

Yes We CanSat from Denmark, their overall CanSat mission was to safely land the CanSat through
use of a parachute, as well as to determine and transmit both air temperature and pressure to the
ground station. Their secondary mission is to determine and transmit the density of the air as a
function on a graph.

ZenSat Club from Hungary, their secondary CanSat mission was to design and construct a GPS

meteorological dropsonde, as well as equip it with additional sensors (the IR thermometer and UV
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radiation) and camera. After the CanSat competition, they plan to use the modified version of the
dropsonde for vertical profile measurements in rural and urban area using UAVSs, multicopters,
and kites. [18]

In 2017 Astral CanSat team from University of Petroleum and Energy Studies, their primary
CanSat mission in addition to measure air temperature and air pressure was to simulate a solar
powered sensor glider traveling through a planetary atmosphere sampling the atmospheric
conditions during flight. And their secondary mission was camera shall click images of the ground
as often as possible and storing them onboard and 3D simulation of glider using LabView software.
[19]

In 2017 team SEDS VIT CanSat team from Vellore Institute of Technology, their primary mission
was Telemetry (air pressure, outside air temperature, altitude, mission time, flight software state,
compass direction, air speed and voltage of power bus) should be collected and transmitted to the
GCS at 1 Hz. And their secondary mission was A colored camera has to be mounted in nadir
position to take photos as frequently as possible and create a real time 3D simulation of the glider
during its descent. The 3D Simulation will provide the proper orientation of the glider while it
descends. [20]

In 2017 jelly team was compute and win European CanSat computation, their primary mission was
to measure air pressure, air Temperature, Mission time, Position (GPS and non-GPS altitude, GPS
longitude, GPS latitude), Speed (GPS-generated, pitot tube-generated) Direction (Manometer).
[21]

In 2017 APISAR-GE team was also compute and win European CanSat computation, their primary
mission was to measure air pressure, air temperature atmospheric properties, wind velocity,
heading angle and shall send sample data to ground station via transmitter module. [22]

In 2017 IPN Cuauhtémoc team was also compute and win European CanSat computation, their
primary mission was to measure the atmosphere data and Data of heading, altitude and speed,

among others, shall be transmitted to the GS via XBEE through one packet each second. [23]
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2.2 Mechanical structure of CanSat

In the year of 2010,2011,2012,2013,2014,2015 the European space agency (ESA) Education
Office and the Norwegian Centre for Space-related Education (NAROM) organized CanSat
computation, the space agency was introduced the guidelines for the competitor’s, so in the case
of mechanical structure of the CanSat, the structure should be a self-contained experiment that can
fit inside a soft drink can, the mandatory structure was must soft drink can. [5-10]

But, after 2015 and some of 2015 European space agency (ESA) Education Office and the
Norwegian Centre for Space-related Education (NAROM) competitors the mechanical structure
of the CanSat of the competitor is it depends on their secondary mission, they can design their new
structure of CanSat, from different material, like, aluminum, acrylic, anodized aluminum, copper
but it should fit with the diameter rocket. [11-23]

2.3 Transducer

In 2015 the Alpsat team, five members, were used their own selected transducers to measure their
primary mission and secondary mission. for primary mission, temperature sensor(LM35) and
pressure sensor (MPX4115). For their secondary mission, GPS (Adafruit GPS breakout module),
for measuring accelerometer (Adafruit ADXL326), data logger (Adafruit MicroSD card shield),
The communication of the CanSat and the ground station was performed by radio module. The
overall transducers are integrated over the T-minus microcontroller. [11]

In 2015, Nanna Andrea Dyrbye, Mads Hansen Baattrup, Malthe Glent-Madsen, Jeppe Klitgaard,
were one team, were used their own selected transducers to measure their primary mission and
secondary mission. Used transducers are, for primary mission, temperature sensor(NTCBMP180)
and pressure sensor (BMP180 Baro). For their secondary mission, GPS (GP635-T), for measuring
magnetometer, gyroscope, accelerometer (Sparkfun LSM9DS0 9-DOF), data logger (Sparkfun
Openlog datalogger), Mini Pro, camera and datalogger (Linksprite JPEG Color Camera and
Sparkfun Openlog dataloger). The communication of the cansat and the ground station was

performed by radio module. The overall transducers are integrated over the microcontroller. [12]

Waleligne Molla 17|Page



Design and Development of CanSAT 2018

In 2015 GirlSAT team, were used their own selected transducers to measure their primary mission
and secondary mission. Used transducers are for measuring mentioned information they decided
to use MKI1124V1 STEVAL module, because it contains pressure sensor, 3D accelerometer, 3D
magnetometer and 3D gyroscope and temperature sensor (LM92). Next, they used real-time
circuit, GPS and micro SD card module to insure finding cans and store data in the event of non-
acceptance of data from TCVR. their firmware was written in Arduino and they used use 9V
battery. [13]

In 2015 Team Impulse was by elected European space agency (ESA) Education Office and the
Norwegian Centre for Space-related Education (NAROM) to produce a rover which would attempt
to move across the ground after landing. It was also intended to measure temperature, pressure,
and humidity, while also producing an infrared heat map of the ground below. So, to measure the
scientific data, they were used air temperature sensor, pressure sensor, humidity sensor. [14]

In 2015 Rosetta-Can was by elected European space agency (ESA) Education Office and the
Norwegian Centre for Space-related Education (NAROM), they were used selected transducers
for their primary mission and secondary mission. For communication Between Philae and CanSat
(internal), acting as a receptor through an RF module (transceiver), Measurement of Can Sat’s
data, through sensors (Pressure and temperature, IMU, GPS), Storage of data: through a TinyDuino
microSD Shield and Power supply (trough a pair of AAA batteries or a 9V battery).

For their Philae electrical design, their selected transducers are, for Communication through an RF
module (transceiver), for Measurement of Rosetta’s data, through sensors (Pressure and
temperature through MS and IMU), Storage of data through a TinyDuino microSD Shield and
Power supply trough lithium 3V battery. [15]

In 2015 la burgoneta especial (space van) was compute in the computation of European space
agency (ESA), to perform their primary and secondary missions they used their own selected
transducers, pressure sensor(APC220), temperature and humidity sensor[DHT22], Gas sensor
(MQ135), Gyroscope GY-91, UV sensor, GPS module outside temperature sensor. All are
integrated on Raspberry Pi (including camera). [16]

Waleligne Molla 18|Page



Design and Development of CanSAT 2018

In 2017 Team Astral was selected by European CanSat computation and there were win the
computation, to perform their primary and secondary mission they select transducers. Their
transducers are, temperature and pressure sensor (BMP180 Digital), track and records mission time
or real time clock (DS1307), Magnetometer (HMC5883L Digital), Pitot Tube Senses Air flow
velocity (MPXV7002DP Analog), Camera (TTL JPEG CAMERA), solar voltage sensor (Solar
voltage sensing using ADC of MCU) and microcontroller unit(MSP430G2553). [19]

In 2017 Team SEDS VIT was also selected by European CanSat computation, and there were win
the computation, to perform their primary and secondary mission they used their own selected
transducers. Their transducers are, temperature sensor (LM 35), pressure sensor (BMP 180),
magnetometer (LSM 303D), altimeter(BMP180), air speed sensor (HK Pilot air speed sensor),
camera (Adafruit TTL Camera) and voltage sensor (Voltage divider circuit R1=3 kQ R2=5 kQ).
They also used the same model transducer for container except voltage divider [20]

In 2017 team jelly was also selected by European CanSat computation, and there were win the
computation, to perform their primary and secondary mission they select transducers. Their
transducers are, air temperature sensor (TMP36), air pressure sensor (BMP 180), magnetometer
(LSM303DLHC), Gyroscope(L3GD20), pitot tube(4525DODS5AI1001DP), Voltage Sensor (On
Board Voltage Divider). And for container they were used the same voltage divider but to measure
altitude per deployment the used air pressure sensor(MPL3115A2) [21]

In 2017 APISAR-GE team was also selected by European CanSat computation, and there were
win the computation, to perform their primary and secondary mission they used their own selected
transducers. Their transducers are, air temperature sensor(BMP180), pressure sensor (BMP 180),
Altitude(BMP180), and magnetometer(BoschBNOO055), pitot tube (HK Pilot Analog), camera
(Eachine2503), battery voltage (Arduino pro micro) and solar power voltage(Atmega32u4). [22]

In 2017 IPN Cuauhtémoc team was also selected by European CanSat computation, and there were
win the computation, to perform their primary and secondary mission they used their own selected
transducers. Their transducers are, air temperature sensor(BMP180), air pressure sensor (BMP
180), altitude (BMP 180), magnetometer(HMC5883L), camera (808 keys micro camera) and their

selected microcontroller is Arduino Nano. Used same model sensors and for container. [23]
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2.4 Launching and landing mechanism
In 2009 Agnete(team leader), Julie(mathematician), Simon (programmer) and Steffen (technician).
From Denmark they were launch their CanSat using a small remote-controlled helicopter. The
helicopter dropped the CanSat at a height of about 30 meters through parachute and they had radio
contact during both ascent and descent. [5]
In 2010,2011,2012,2013,2014 European space agency (ESA) Education Office and the Norwegian
Centre for Space-related Education (NAROM) organized CanSat computation for competitors, the
mandatory launching and landing mechanism of the space agency was launching by rocket and
landing through parachute from 1km height. [6-10]
In 2015 Alpsat team was conducted research entitled by the comparison of different height and
position determination methods, their CanSat was launched by rocket an altitude of approximately
1000 meter, and landing by parachute. [11]
In 2015 SG Can Science were developed CanSat for the entitled of A solid CanSat taking photos
with simultaneously position determination an approach to two-way communications and an
interactive online presentation of data for teaching purposes, their CanSat was launched by rocket
an altitude of approximately 1000 meter, but after getting data their altitude calculation the height
becomes1085meteres, and their landing mechanism was parachute. [12]
In 2015 GirlSAT team were compute Europe CanSat competition and they were win the
competition, their CanSat was launched by rocket an altitude of approximately 1000 meter, and
the CanSat landing mechanism or recovered by parachute. [13]
In 2015 Impulse team were compute Europe CanSat competition and they were win the
competition, their CanSat was launched by rocket an altitude of approximately 1000 meter, and
the CanSat landing mechanism or recovered by parachute. [14]
In 2015 Rosseta can team also were compute Europe CanSat competition and they were win the
competition in entitled of Design and construction of an artificial maple seed used as a satellite
probe, their CanSat was launched by rocket an altitude of approximately 1000 meter, and the

CanSat landing mechanism or recovered by parachute. [15]
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In 2015 la burgoneta especial Impulse team were compute Europe CanSat competition and they
were win the competition, their CanSat was launched by rocket an altitude of approximately
700meteres meter, and the CanSat landing mechanism or recovered by parachute. [16]

In 2017 Team Astral from University of Petroleum and Energy Studies, they were developed their
own cansat, their cansat was launched by rocket an altitude of more than 400meteres meter, and
the CanSat landing mechanism or recovered by parachute. [19]

In 2017 team SEDS VIT CanSat team from Vellore Institute of Technology, they were developed
their own CanSat, their CanSat was launched by rocket an altitude of more than 400meteres meter,
and the CanSat landing mechanism or recovered by parachute. [20]

In 2017 jelly team was compute in European CanSat competition and they were win, they were
developed their own CanSat, their CanSat was launched by rocket an altitude of more than
400meteres meter, and the CanSat landing mechanism or recovered by parachute. [21]

In 2017 APISAR-GE team were designed and developed their CanSat, they were developed their
own CanSat, their CanSat was designed to launch by rocket an altitude of more than 400meteres
meter, and the CanSat landing mechanism or recovered by parachute [22]

In 2017 IPN Cuauhtémoc team were designed and developed their CanSat, they were developed
their own CanSat, their CanSat was launched by rocket an altitude of more than 800meteres meter,

and the CanSat landing mechanism or recovered by parachute [23]

2.5 Scientific Data of the outcome
In 2015 alpsat were measured air temperature, air pressure, position of the CanSat and acceleration.
The temperature versus time graph shows, as temperature fluctuate decrease while time increase.
And the pressure versus graph shows, as pressure was constant in the time range of 1800sec to
1880sec, after that pressure falls down up to time reach of around 1970sec, after a time of 1970
sec pressure increases while time increase. The height versus time graph shows, the height was
constant (there is no moment) in the time between 1800 sec to 1880sec, and then height start
increases from the time of 1970sec, after this the height decreases while time increase. The alpsat

speed measured by the GPS module looks like fig [11]
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Figure 2.0.1: AlpSat’s speed measured by the GPS module [11]

Their acceleration versus graph in the X, y, z shows, acceleration value in the X and in the Y are
somewhat similar, but in the direction of Z are different, the peak in the Z plot representing the
launch of the rocket is clearly visible. At that point, an acceleration of approximately 10g is reached
for a short time. [8]

In 2015 can science team were measured air temperature, air pressure, acceleration, magnetic field
and taking pictures. The pressure versus time graph after ejection from rocket shows, pressure
linearly increase while time increase. The temperature versus time graph after ejection from rocket
shows, both inside and outside temperature decrease while time increase. height versus
temperature graph shows, as temperature increase while height increases. And the altitude versus
time graph shows, altitude decreases while time increase. The total acceleration and the total

magnetic field graph shows below. [12]
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Figure 2.0.3: Total magnetic field Vs elapsed time for 10sec. [12]

And also, can science team were take image through camera and the show the tracking of CanSat
using global positioning system(GPS). [12]

In 2015 GIirlSAT team were measured air temperature and air pressure after release and during
descent. The team also measure 3D acceleration and 3D magnetic field of Earth. Furthermore, they
were had decided to add 3D gyroscope and GPS for positioning CanSAT. Their pressure versus

time graph shows as it has a wide fluctuation due to time and pressure increase while the altitude
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increase. Their temperature graph shows, as temperature decrease while altitude decrease and time

increase [13]. Acceleration, gyroscopic and magnetism graph of scientific result was looks like
below.
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Figure 2.0.4: Acceleration depending on time. [10]
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Figure 2.0.5: Gyroscope data depending on time. [13]

Waleligne Molla 24 |Page



Design and Development of CanSAT 2018

150
100
50

0
-50

Fauss

_1(1%:28:19 11-28-46 11-231-12 11-32-38 11-34:0%5
Time [hh:mm:ss]

f'\.rx sasssmEnn r'-h'l}.- — o - r.'_.'?

Figure 2.0.6: Magnetism depending on time. [13]

In 2015 impulse team were measure internal and external air temperature, air pressure and
humidity, dew point and the altitude calculations based on pressure data were solved successfully.
Their pressure versus time graph shows as it has a wide fluctuation due to time and but it is better
to conclude pressure increase while altitude increase. Their temperature graph shows, as
temperature increase while altitude increase. Humidity versus altitude graph shows, as humidity
fluctuate increase due to altitude decrease. And, dewpoint versus altitude graph shows, as dewpoint
increase while altitude decrease. [14]

In 2015 La burgoneta espacial (space van) from Spain, the team Find a planet that could sustain
human life and Get information from the topographic survey to choose the right landing spot for
future missions and Broadcast live mission information to the general public and measure air
temperature, air pressure. Their CanSat gets, stores and transmits UV radiation data, CO2
concentration data, Navigation data and position, Video. The temperature versus time graph
shows, temperature decrease while time increase. And the pressure versus time graph shows,
pressure increase while time increase. [16]

In 2017 Astral CanSat team from University of Petroleum and Energy Studies, they measured air

temperature, air pressure and simulate a solar powered sensor glider traveling through a planetary
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atmosphere sampling the atmospheric conditions during flight. as a secondary mission they click
images of the ground as often as possible and storing them onboard and 3D simulation of glider
using LabView software. Their outcome scientific result was looks like below. but they didn’t take
image because CanSat couldn’t be recovered after the launch. The camera images taken are still

stored in the SD card. [19]

1 TEAMID SYSTEM  MISSION TPACKET CCALTITUDE PRESSURE SPEED TEMP VOLTAGE HEADING SOFTWARICAMERA
2 2232 GLIDER 1 1 450 87139 1.22 28 8.1 3 4 0
3 2232 GLIDER 2 2 442 87198 1.27 27 8.1 108 4 0
4 2232 GLIDER 3 3 431 87313 1.24 28 8.1 208 4 0
5 2232 GLIDER 4 4 425 87378 1.58 29 8.1 231 4 0
6 2232 GLIDER 5 5 417 87431 1.39 28 8.1 340 4 0
7 2232 GLIDER 6 6 402 87502 1.37 28 8.1 90 4 0
8 2232 GLIDER 7 7 397 87600 1.25 28 8.1 200 4 0
9 2232 GLIDER 8 8 392 87660 4.02 28 8.1 318 4 0
10 2232 GLIDER 9 9 386 87704 4.12 28 8.1 97 4 0
11 2232 GLIDER 10 10 382 87760 4.22 28 8.1 212 4 0
12 2232 GLIDER 11 11 382 87812 4.32 28 8.1 338 4 1
13 2232 GLIDER 12 12 380 87890 4.42 28 8.1 3 4 1
14 2232 GLIDER 13 13 376 87940 4.52 28 8.1 108 4 1
15 2232 GLIDER 14 14 366 87998 4.1 28 8.1 208 4 1
16 2232 GLIDER 15 15 360 89 4.1 28 8.1 231 4 1
17 2232 GLIDER 16 16 352 88002 4.1 45 8.1 340 4 1
18 2232 GLIDER 17 17 341 88130 4.1 29 8.1 90 4 1
19 2232 GLIDER 18 18 333 88201 4 27 8.1 200 4 1
20 2232 GLIDER 19 19 329 88272 4.2 28 8.1 318 4 1
21 2232 GLIDER 22 20 320 88330 4.1 29 8.1 97 4 1
22 2232 GLIDER 23 21 319 88375 4.1 29 8.1 212 4 1
23 2232 GLIDER 24 22 314 88412 4.1 28 8.1 338 4 1
24 2232 GLIDER 25 23 311 88457 4.1 27 8.1 310 4 1
25 2232 GLIDER 26 24 307 88601 4.1 -1 8.1 45 4 1
26 2232 GLIDER 27 25 297 88705 4.1 29 8.1 41 5 1
27 2232 GLIDER 28 26 291 89001 4.1 30 8.1 3 5 1
28 2232 GLIDER 29 27 285 89200 4.1 28 8 108 5 1
29 2232 GLIDER 30 28 280 89215 4.1 27 7.5 208 5 1
30 2232 GLIDER 31 29 275 89450 4.1 29 7.3 231 5 1
31 2232 GLIDER 32 30 275 89680 4.1 29 7.3 340 5 1

2727 I INER 21 240 20720 a1 an 72 an 5 1

2 22
M 4 » M| Flight_2232_GLIDER %3

Figure 2.0.7: The outcome scientific data of astral CanSat team [19]

In 2017 team SEDS VIT CanSat team from Vellore Institute of Technology, measured air pressure,

outside air temperature, altitude, mission time, flight software state, compass direction, air speed
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and voltage of power bus should be collected and transmitted to the GCS at 1 Hz. And they take
colored camera has to be mounted in nadir position to take photos as frequently as possible and
create a real time 3D simulation of the glider during its descent. The 3D Simulation will provide
the proper orientation of the glider while it descends. The payload pressure graph shows, the
Pressure observed was almost constant at 235 Pascal, hence very less increase with respect to
height was observed, it measures during descend.

The pressure of container is equal to the payload pressure, but it measures during ascend. The
payload temperature graph shows, the temperature observed was between 26-28 Celsius. The
temperature of container is equal to the payload temperature, but it measures during ascend. A
clear increase in the temperature was observed as the glider descended. The pitot tube value was
consistently between 4-5 m/sec. they had got camera images from the top. [20]

In 2017 jelly team were measure air pressure, air Temperature, Mission time, Position (GPS and
non-GPS altitude, GPS longitude, GPS latitude), Speed (GPS-generated, pitot tube-generated)
Direction (Manometer). They got payload altitude versus data, at maximum altitude value which
is 343.87meter and at minimum value 125.87 meter they got maximum and minimum speed, the
payload average speed data was 4.338m/s. The payload temperature versus time graph shows, as
temperature fluctuate due to time and scientific average temperature data was 31.76°C. The
payload pressure versus time graph shows, pressure increases while time increase was 31.76°C.
the container temperature versus time shows, as temperature decrease while time increase. [21]

In 2017 APISAR-GE team measure air pressure, air temperature atmospheric properties, wind
velocity, taking image, heading angle, and other properties. The glider altitude versus time graph
shows, as altitude decrease time increase. The pressure versus time graph shows, as pressure
increase while time increase. The heading angle of the payload versus time graph shows, as the
heading angle varies from optimum rang of 230-360deg at time interval of 1-32sec. The glider
temperature versus time graph shows, as temperature decrease while time increase. The glider
speed graph shows the speed was constant up to a time of 31 second, but high speed was occurred
at time of 32 second. They got image from altitude through camera. The glider pressure graph

shows the pressure increase while time increase.
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They got also altitude data of container before flight, the altitude versus graph shows a little
variation up to a time of 1-919second, but it shows wide variation after a time of after 919 second.
The temperature versus time graph of container before flight shows the temperature fluctuate in
the range of 33-42°C within a time interval of 1-1090second. [22]

In 2017 IPN Cuauhtémoc team were measure the atmosphere data and Data of heading, altitude
and speed, among others and taking image through camera.

The payload pressure versus time graph shows the pressure is constant while time increase. The
payload altitude versus time shows the altitude is constant at different time. The payload
temperature versus time graph shows the temperature is constant at different time. The payload
speed versus time data plot shows the maximum and minimum speed of the payload is 7m/s and
9.5m/s respectively at a time interval of 0-18m/s. The container pressure versus time data plot
shows the pressure was high at high altitude and it decreased up to a time of around 16sec, after
that the pressure increase with the rise of time. The container altitude versus time data plot shows
the altitude fluctuate at different time, this means the parachute does not descent constantly. The

container temperature versus time graph shows, as temperature decrease while time increase. [23]

2.7 Thermal protection
For a CanSat there is no need for thermal insulation if the CanSat not going to send to an altitude
of more than 1000 m. because, the temperature will not drop more than 6-7 degrees compare to
ground temperature. But, for higher altitudes, such as she temperature in the stratosphere (216 °K)
is significantly lower than the temperature on ground. A CanSat that will be sent to such an altitude
will be facing low temperature condition which may threaten sensors to work properly. In order
for this CanSat to be successful, it must ensure that the electronic components (which are designed
to operate at around sea level temperatures) are not damaged and operate as long as possible. This

will be achieved by insulating the can to slow the temperature loss. [24]
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CHAPTER THREE

3. ELECTRICAL SYSTEM AND SELECTION OF ELECTRONICS

3.1 Electronics system overview

No Electronics Use Location

1 | Temperature sensor To measure the air temperature On the payload
2 | Pressure sensor To measure air pressure On the payload
3 | Accelerometer sensor | To measure the acceleration On the payload
4 | GPS receiver To determining the position of the CanSat On the payload
5 | Arduino uno To control, collect and processing data On the payload
6 | Radio module For wireless communication On the payload
7 | Air Solenoid valve To vent the balloon On the housing

Table 3.1: Transducer and electronics overview and placement
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Figure 3.0.1: block diagram of the overall system
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3.2 Electronics trade and selection

Temperature and humidity sensor

Temperature | Specification Cost | Locally Selection

sensor Model availability status

number status

LM35DZ v’ Calibrated directly in ° Celsius | 140 | Not locally | Chosen
(Centigrade) birr | available

v Linear +10.0 mV/°C scale factor

v' 0.5°C accuracy guarantee able
(at +25°C)

v' Rated for full —55° to +150°C

range

v' Suitable for remote applications

v Operates from 4 to 30 volts

v" Low impedance output, 0.1 Q
for 1 mA load

v 3to 5V power and 1/0 460 | Not locally | Not chosen

v Good for 20-80% humidity | birr | available
readings with 5% accuracy

v" Good for 0-50°C temperature

v" No more than 1 Hz sampling rate
(once every second)
v" Weight 2g

Source: [25] [26]

Table 3.2:Temperature trade and selection
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Pressure sensor

Pressure Specification Cost | Locally Selection

sensor  model availability status

number status

MPX4115A v" 1.5% Maximum Error over 0° | 452 | Locally Chosen
to 85°C birr | available

v" Maximum overload Pressure
(P1 >P2) 400 kpa

v' 15t0 115 kpa

v Output Voltage 0.2 — 4.8 V

v' Temperature Compensated
from —40° to +125°C

v' Weight 4 grams

v Dimension 18.28mm x

5.59mm x 20.82mm
MPX4115AP v' 1.5% Maximum Error over 0° | 623 | Locally not | Not
to 85°C birr | available chosen

v" Maximum overload Pressure | euro
(P1 >P2) 400 kpa

v Dimensions 29.85mm x 8.26
mm X 29.34mm

v Output Voltage 0.2 — 4.8 V

v Operating Temperature Range
-40 — +125 °C
v' Operating Supply Voltage
Range 4.85 — 535V
Source [27] [28]

Table 3.3: pressure sensor trade and selection
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Accelerometer

Accelerometer | Specification Cost | Locally Selection
model number availability status | status
MMA7341L v Dimensions: 0.4" x 0.5" x | 580 | Locally available | Chosen

0.09" (without header pins) | birrs
v Operating voltage (VDD):
2.2-3.6V (pins are not 5V-

tolerant)

v Supply current: 0.5mA

v Output format: 3 analogs

v MMAT7341L version: *3g
(default) or £11g

v Weight without header pins:
0.0120z (0.359)

MMA7260QT v Dimensions: 0.8" x 0.55" x | 640. | Locally not | Not

0.11" (without header pins) | 2 available chosen

Operating voltage: 3.3-16 VV | birr
Supply current: 1.35 mA

Output format: 3 analogs

DN N NN

Output voltage range: 0-Vcc
(0-3.3V for VIN >3.3V)

v Weight without header pins:
0.030 oz (0.85 g)

Source: [29] [30]

Table 3.4: Accelerometer trade and selection
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Radio module

Radio module

model number

Specification

Cost

Locally
availability
status

Selection

status

APC220

Working frequency: 420
MHz to 450 MHz

Power: 3.5-5.5V

Current: <25-35mA
Working temperature: -20°C
~+70°C

Range: 1200m line of sight
Baud rate: 1200-19200 bps
High sensitivity (-112dbbm
@9600 bps)

Size: 37mm x 17 mm x
6.6mm

Weight: 30g

1080

birr

Locally

available

Chosen

XBee Module

XB24-AWI-001

Dimensions: 27mm X 24mm
x 9mm (1in x 0.9in x 0.3in)
Weight 4g ( 0.1502)

It works best XBee adapter
module kit (which has a
250mA 3.3V regulator)

619.6
5 birr

Not locally
available

Not
chosen

Source [31] [32]

Table 3.5: Radio module trade and selection
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Arduino/microcontroller

Arduino
Model

Specification

Cost

Locally
availabili

ty status

Selection

status

Arduino Uno R3

S X X

Microcontroller:  ATmega328
Operating Voltage: 5V

Input Voltage (limits): 6-20V
Digital 1/0 Pins: 14 (of which 6
provide PWM output)

Analog Input Pins: 6

DC Current for 3.3V Pin: 50 mA
Flash Memory: 32 KB

SRAM 2KB, EEPROM 1KB
Dimension 75.1x53.51 x15.08mm
Weight 27.959/0.980z

1035

birr

Locally
available

Chosen

Arduino  Mega
2560

S N N N T N N N N N N N NN

Microcontroller:  ATmega2560
Operating Voltage: 5V

Input Voltage (limits): 6-20V
Digital 1/0 Pins: 54

Analog Input Pins: 16

DC Current for 3.3V Pin: 50 mA
Flash Memory: 256 KB

SRAM 8KB, EEPROM 4KB
Dimension 102 x 53.6 x 15.29mm
Weight 34.99/1.230z

1325

birr

Locally
available

Not

chosen

Source [33] [34]

Table 3.6: Arduino Uno trade and selection
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Gps module

model

Gps module | Specification

Cost

Locally

availability status

Selection

status

SIM28ML

D N NI NN

Track sensitivity: -165 dBm
Frequency 1575.42MHz
Supply voltage 2.8V to 4.3V
Operating temperature -40V to
85°C

Lower input voltage -0.3V to
0.8V

Higher input voltage 2V to
3.3V

Lower output voltzge -0.3V to
0.4V

Higher output voltage 2.4V to
3.1V

1380

birr

Locally available

Chosen

MTK3339

<N X X

<

Voltage input: 3.0-4.3VDC
Update rate: 1 to 10 Hz

3.3V operation

Acquisition sensitivity: -145
dBm

Track sensitivity: -165 dBm

Dimension:;16 x 16 x 5mm

Locally
available

not

Not

chosen

Source: [35] [36]

Table 3.7: GPS module trade and selection
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Air solenoid valve

Solenoid valve

Model number

Specification

Cost

Locally

availability status

Selection

status

0520D

\

v" Fluid: AIR air

Rated voltage: DC 3V
Rated current: <320Ma
Deflation speed: <3S (in
discouraged from 300mmHg
to 15mmHg)

Pressure range: 0-350mmhg

103.
95bi

rr

Locally not

available

Not

chosen

KSV2WA-6K

IR NERNERN

Type: normally closed
Rated voltage: DC 6V
Maximum current: <375mA
Exhaust velocity: < 4s (from
300mmhg to 15mmhg in the
500ml container)

Medium: Air

Leakage: < 5mmhg/min
Maximum pressure:
300mmhg

Size: 20*13*15mm
Operating temperature
range: -40 °C ~ 55 °C
Weight: 179

120

birrs

Locally available

Chosen

Source: [37] [38]

Table 3. 8 Solenoid valve trade and selection
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CHAPTER FOUR

4. GEOMETRICAL MODELING AND ANALYSIS OF THE STRUCTURE
The effect of drag depends on the shape of the object, and this drag force is depend on the drag
coefficient (Cd) of the shape of the object. NASA written the coefficient of drag(Cd) of different
objects and it shows the effect of shape of the object on drag force. the shape of the object has a
very great effect on the amount of drag force. A flat plate has Cd = 1.28, a wedge-shaped prism
with the wedge facing downstream has Cd = 1.14, a sphere has a Cd that varies from .07 to .5, a
bullet Cd = .295, a typical airfoil Cd = .045. and half sphere Cd = 0.42. [57]

The structure head of the shape of the object is selected depend on small drag coefficient and easily
can manufacture locally. Accordingly, the structure of the CanSat is decided to be cylindrical

housing and the frontal area of the shape of the head is half sphere.

4.1 Mass of the payload

Payload Mass in gram Source from
Microcontroller 27.95 Datasheet
Pressure sensor 4 Datasheet
Accelerometer 0.35 Datasheet
Temperature sensor 0.5 Measured
Radio module 30 Datasheet
Printed circuit board 8 Measured
Battery 45 Datasheet
Female jumper 0.5 Measured
Male jumper 0.5 Measured
Soldering 0.3-05 Estimated
Battery connector cable 4 Measured
GPS module 44.9 Measured
Air Solenoid valve 17 Datasheet
Payload mass sum | 183.2grams

Table 4.1: Mass budget of electronics
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4.2 Mass analysis of the structure
During selection of material, | consider the following requirements
The material should be:
> light in weight
> Easy availability in nearby market
» Easy to manufacture
» And, its material property

Material p E Fty |Elp|Fty/ |a k availabilit | Machi | Cost
Kg/m3 | (GP) | (mpa p (um/ | (m/ |y nabilit
) mK°®) | m in nearby |y
K°) | market

6061-T6 2800 | 68 276 |24 |98.6 |23.6 |167 | Available | Easy | low
E
E 7075-T651 | 2700 71 503 |26 |186. | 234 130 | Available | Easy Low
S
< 3
Titanium 4400 |[110 |825 |25 |187. |9 7.5 | Not Hard | High
6Al1-4V 5 available
Ferrous 7833 |200 |1123 |25 |143 |125 |48 Available | Easy Low
4130 steels

Table 4.2 material properties Source: [39]

Where:

p  density

E young’s modulus

Fty  allowable yield strength

E/p specific stiffness, the ratio of stiffness to density
Fty /p specific strength, the ratio of strength to density
o coefficient of thermal expansion CTE

K coefficient of thermal conductivity
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The advantage, dis advantage and application of the material for structure of CanSat, aluminum
has a property of Good machining, High strength to weight, Low cost and Available in nearby
market but it is High CTE, Poor galling resistance. And aluminum uses for different application,
For truss structure, For skins, For stringers, For brackets, For face sheets. When we see steel, steel
has a property of High stiffness, strength, weldable and low cost but it is Heavy, magnetic,
Oxidizes if not stainless steel and Stainless galls easily. And steel uses for different application,
For fasteners, For threaded parts, For bearings and gears. When we see titanium, titanium has
different properties, Low CTE, High strength, Low thermal conductivity, Good at high
temperature, but it is Heavy, Expensive, difficult to machine. And titanium used for different
application, For Attach fittings for composites, For thermal isolators and for flexures.

Conclude that, the selected material for the structure of CanSat is aluminum 7075-T651, the
density of aluminum 7075-T651= 2700kg/m3

Formula used for to calculate mass:

Structure Formula Source
Area(A) For bracket A=Lxh where: | = length [52]
h = height
For housing A== (do? — di?) where: = 3.1 [56]
Do and di outer diameter and inner dia
For battery gripper | A=L xh where: [52]
| = length,
h = height
For bottom plate | A = rr? where: = 3.14 [52]
R = radius
For head A =4nr? where: = 3.14 [53]
R = radius
For circle A=nmr? where: w = 3.14 [52]
R = radius
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Volume(V) | For bracket V=Axt where: A= area [54]
T = thickness
For housing V=Axh where: A= area [54]
h = height
For battery gripper | V=A Xt where: A= area [54]
T = thickness
For bottom plate V=Axt where: A= area [54]
T = thickness
For head V= gnr3 where: 7 = 3.14 [52]
R = radius
For circle V=A xt where: A= area [54]
T = thickness
Mass(M) | For bracket M=V x p where: V= volume [55]
For housing p = density
For battery gripper
For bottom plate
For head
For circle

Table 4.3: Formula used for structure design
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4.2.1 Design of bracket
Density of aluminum 7075-T651= 2700kg/m3

Dimension of payload part of the bracket:
Length = 0.055m =
Height =0.201m <
Thickness = 0.003 =
Height of wrapped =0.012 -
A=lxh (4.1) = o
A =0.055m x 0.213m = 1.17x10~?m?
V=Axt (4.2)
V=1.17x10"2m? x 0.002m =2.3x10~>m?3

Figure 4.0.1: payload part of bracket

M=V x p (43)
M = 2700kg/m? x 2.3x10~5m3 = 6.3x10~2kg

4.2.2 Case of bracket

Dimension of sheet part of the case:
Length = 0.02m O

Height =0.028m
Radius of half circle = 0.01m
Radius of circle = 0.004m
A=1xh
A =0.02m x 0.028m = 5.6x10~*m?
V=Axt

L ==
Figure 4.0.2: Case of bracket

V =5.6x10"*m? x 0.002m =1.12x10"m3
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M=V x p
M = 2700kg/m3 x 1.12x10~%m3 = 3x10~3kg

Case head half circle

Radius = 0.01m
Tr2
Area = EN 4.4
T x 0.012
A=——— = 1.57x10"*m?
V=Axt
V = 1.57x10"*m? x 0.002m = 3.14%10~"m3

M=V x p

M = 2700kg/m3 x 3.14x107"m3= 8.48x10~*kg

Hole on the case of bracket
Radius = 0.004m
A = mr? (4.5)

A=m X 0.004m?=5x10""m?
V=Axt

V =5%x10"5m? x 0.002 = 1x10~"m?3
M=V x p

M = 2700 kg/m3 x 1x107"m3 = 2.7x10~*kg
The mass of the case of the bracket = the mass of the sheet part of the case + the mass of case head
—the mass of Hole on the case of bracket.

M = 3x1073kg + 8.48x10*kg — 2.7x10~*kg = 3.57x1073kg

The mass of number of hole which is on the payload part of bracket for screw
Radius = 0.00175m
No of holes = 14
A=nr?

A =3.14x0.00175% =9.6x10"%m?
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V =Axt

V =9.6x107%m? x 0.002 = 1.9x1078m3

|\/|:V><p

M= 2700kg/m3 x 1.9x10~8m3 = 5.19x10~5kg

To calculate the total mass of the hole, multiply the number of holes by 5.2x10~°kg

Total mass of the hole for screw =14 x 5.19x10~°kg = 7.2x10~*kg

Then, the total mass of the bracket is, the mass of payload part of the bracket + The mass of the

case of the bracket — the total mass of hole for screw

Mb = 6.3x1072kg + 3.57x1073kg — 7.2x107*kg = 6.6x10~2kg

4.2.3 Design of housing

Height = 0.204m
External diameter (do) = 0.094m, ro = 0.047m
Internal diameter(di) = 0.092m, ri = 0.046m

A= % (do? — di?) (4.3)

A =7(0.0942 — 0.0922) = 2.92x10*m?
V=A xh (4.4)

V =2.92x10"*m? x 0.204m = 5.9 x10~5 m3
M=V x p

M =2700kg/m? x 5.9 x10~° m3 = 0.159kg

4.2.4 Designing of bottom plate

Diameter = 0.094m
Thickness = 0.003m

Figure 4.0.3: housing
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A=mr?

A =7 X 0.047% =6.93x10"3m?
V=AXxt

V =6.93x1073m?x 0.003m = 2.08x10~° m3
M=V x p

M =2700kg/m3 x 2.08x10~5m3= 0.056kg

Figure 4.0.4: bottom plate

Calculate the mass of hole on the bottom plate

A=mr?

A =3.14x0.00175% =9.6x10"m?
V=Axt

V =9.6x10"%m? x 0.003 = 2.8x108m3
M=V x p

M = 2700kg/m3 x 2.8x1078m3 =7.79.6x107° kg
Mass of the three holes on the bottom plate = 7.79.6x107° kg x 3 = 2.33x10™*kg
The total mass bottom plate = mass of bottom plate without hole — the total mass of the hole on
the bottom plate.

M =5.6x10"2 kg - 2.33x10~*kg = 5.57x10~2kg

4.2.5 Design of battery gripper
Length = 0.049m Height = 0.058m

Thickness 0.002m
A=1xnh

A =0.049m x 0.058m = 2.84x 1073m?
V=Axt =284x 1073m? x 0.002m = 5.68x10~°m?3

Figure 4.0.5: battery gripper
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M=V x p

M = 2700kg/m3 x 5.68 x 10~6m3 = 1.5x10~2kg
From bracket design | have calculate the mass of 3.5mm diameter hole which has 2mm thickness,
the mass of hole became 5.19x10~°kg. On the battery gripper there is three holes, to calculate the
mass of three holes, multiply the mass of one hole by the number of hole.
Mass of the hole on the battery gripper = 5.19x10~5kgx 3 = 1.55x10~*kg
The total mass of the battery gripper = mass of battery gripper without hole — the total mass of the
hole on the gripper.

M = 1.5x1072 kg - 1.55x10~*kg = 1.48x10~2kg

4.2.6 Design of head/cup

External diameter = 0.092m

Internal diameter = 0.088m

4 4
V=—nr
3

(4.5)
4 3
V=27 (0.046°-0.044%) = 5.00x10"%m?

M=V x p

M = 2700kg/m3 x 5.09x10~5m? = 0.137kg —
Figure 4.0.6: head of structure

The head is half sphere, to get the mass of half sphere shape head, the calculated value of full

sphere mass divided into two:

0.137
M= > kg = 6.8x107%kg

Hole on the head
Radius = 0.004m
A = r?

A=m % 0.004%=5x10">m?
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V=Axt

V =5x10">m? x 0.002 = 1x10~7m3
M=V x p

M = 2700 kg/m3 x 1x1077m3 = 2.7x10~*kg
Then, the total mass of the head is

Mt = 6.8x1072k - 2.7x10"*kg = 6.77%x 10~ %kg

4.2.7 Design of the inserted part of the head into housing
External diameter = 0.092m

Internal diameter = 0.088m
Height = 0.004m

A=m(r§ —17) (4.6)
A =1(0.046% — 0.0442)=5.65x10"*m?

V=Axt
V=5.65x10"*m? x 0.004m = 2.26x10%m3

M=V x p

M= 2700kg/m3 x 2.26x10~°m3 = 6.1x1073kg
The mass of the head with inserted part to cylinder =mass of head + mass of inserted
M = 6.8x1072kg + 6.1x1073kg = 7.41x10~%kg

4.2.8 Designing the seal to fix the inserted part of the head

External diameter = 0.092m

Internal diameter = 0.090m
Height = 0.004m

A=m(r§ —17)

A =m(0.046% — 0.045%)=2.8x10"*m?
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V=Axt

V =2.8x10"*m? x 0.004m = 1.14x10~*m3

M=V x p
Figure 4.0.7: The seal to fix the inserted part of the head
M = 2700kg/m3 x 1.14x10~*m3 = 3x10~3kg
4.2.9 Summarized mass of the structure
Structure component Mass in gram
Bracket 66 Calculated
Cylinder 159 Calculated
Bottom plate 55.7 Calculated
Head cup 67.7 Calculated
Battery gripper 14.8 Calculated
The seal to support the head 3 Calculated
Screw and eye Bolt 75.5 Measured
Structure mass sum 436.7 grams
Table 4.4: Summarized mass of the structure
Total mass

M = Mass of structure + Mass of payload = 436.7g + 183.2g = 624.9 g= 0.6249 kg
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4.2.10 Model drawing of the structure of the CanSat

Figure 4.0.8: 3D view bracket

Figure 4.0.9: 3D view housing

Figure 4.0.10: 3D view of battery gripper

Figure 4.0.11: 3D view of Head of structure
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Figure 4.0.12: 3D view of bottom plate

Figure 4.0.13: 3D assembled drawing of the structure
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4.3 Aerostatic and launching Analysis

4.3.1 flying machine
There are two types of flying machines that allow for lift to overcome gravity. The first type, called
the aerodynamic machines such as helicopters and airplanes, rely on thrust and forward speed to
produce lift. The second type, aerostatic machines, such as hot air balloons and lighter than air-
type craft, rely on the differences in air density for lift. For CanSat launching balloon is selected.

There are two types of balloons
1 Pilot (or ceiling) balloons
2 Sounding balloons

1. Pilot (or ceiling) balloons
The pilot (or ceiling) balloons are slighter balloon usually tracked with a theodolite. These balloons
are not designed to bring a payload. [40]

2. Sounding balloons
The sounding balloons are bigger balloon designed to carry a radiosonde aloft, and these balloons
are usually used in conjunction with a rawinsonde tracking station. They can also carry other types
of payload, such as radar targets. [40]
From the two types of balloon, I select sounding balloon.

Sounding Balloon performance test specification data sheet

Weight Free lift | Payload | Gross lift Inflation | Inflation | Ascent Altitude

Ingram | ingram | in gram In gram volumein | diameter | ratein at burst
cu. M InM M/min In km

300 1400 630 2330 2.1 1.6 400 21

500 1700 1150 3350 3.1 1.8 400 24.5

800 2000 1150 3950 3.6 1.9 400 28

Table 4.5: Sounding balloon performance test specification [40]
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From balloon performance data sheet, | have select 400-8237 sounding balloon, which has

Mass of balloon 300 g

Free lift 1400 ¢

Payload, tested  630g

Because, the total mass of CanSat is 624.9g, less than the payload which is the balloon that can
lift. The balloon will lift the CANSAT successfully!

4.3.2 Analysis of aerostatic effect during launching
Gross lift
Gross liftin (g)=free lift in (g)+ balloon mass in (g)+ CANSAT payload mass in (g) [40] 4.7)

Free lift at 6309 payload equals to 1400g, from this source | can calculate free lift at 624.9¢g
624.9 x 1400
630

gross lift in (g) = 1388g + 300g + 624.9g = 2312.9¢

free lift in gram at 624.99 = = 1388¢g

gross lift
lifting force of hydrogen at average temperature and pressure

Volume of balloon = [40]

(4.8)

Based on the international standard atmosphere for dry air.
At ground (0 meter),

T° =15 C° = 288K"° [41]

P =101300pa [41]
At altitude of 900 meter
Using interpolation

T°=9.17 C° =282.17K°

P =91000pa
So, the average value of temperature and pressure from Om to 900m height is 285.085 K° and
96150pa respectively.
Lifting force or density of hydrogen (ph) at standard atmosphere is calculated by using ideal gas

equation.
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P
PV =MRT, ph= — [42] (4.9)

Where: P is pressure
V is volume
M is mass
R is gas constant = 287.05J/kg.k° [42]
T is temperature

ph is density of hydrogen

. 96150]/m3
ph= 287.05]/kg.k° x285.085Kk°

= 1.175kg/m3 = 1175g/m3

Then the inflated volume of balloon (\Vb) is

2312.9g

=———"— =197m3
1175g/m3 m

Inflated diameter of balloon = 2 [40] (4.10)

4.189

3[/1.97m3
= 2 =1.55m, r=0.77m
4.189
Lift force(FL)

Lift force(FL) = buoyancy force — weight of inflated hydrogen gas in balloon
FL= Vg (pair— pgas) [43] (4.11)
Where: V is volume of balloon

i/inflated volume

g is gravitational acceleration = 9.81m/s2[48]
pair is density of dry air = 1.29kg/m3 [44]
pgas is density of hydrogen gas = 0.0899kg/m?3 [44]
buoyancy force (FB) = Vg pair [45]
FB = 1.97m3x9.81m/s%x1.29kg/m3 = 24.93N
Weight of gas(WQg) = Vg pgas (4.12)
Wg = 1.97m3x 9.81m/s2x0.0899kg/m3 = 1.74N
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Lift force(FL) = FB —Wg = Vg (pair — pgas) [3]
FL =24.93N —1.74N = 23.19N
Total down ward force due to gravity(Wt), in newton second law
Wt = Mtg = (Mp + Mb + Mh) g
Where: Mt is the total mass of the probe
Mp is mass of payload = 624.9g = 0.6249kg
Mb is mass of balloon = 300g =0.3kg
G is gravitational constant =9.8m/s
Mh is mass of hydrogen inflated inside balloon = density of hydrogen X volume of balloon
Mh =0.0899kg/m3x1.97m3 = 0.177kg =177g
Then total downward force
Wit = (0.6249Kg + 0.3kg + 0.177kg) x 9.81m/s2 =10.8N
Net buoyancy force/free lift force/ = buoyancy force — downward force
FBnet = Vg pair— (Mp + Mb + Mh) g = FB — Wt [46] (4.13)
FBnet = 24.93N — 10.8N =14.13N

Speed of ascent

2 FBnet
scent rate = | .
Ascent rate(V) = |—— p— [46] (4.14)

Where: FBnet is net buoyancy force
Cd is the drag coefficient of sphere = 0.47 [49]
pair 1S density oy dry air
A is area of balloon = 4nr? = 4xXnx0.77% = 7.45m?

v 2 X 14.13N = 95
= — Z.0Mm/s
0.47%x7.45m?x1.29kg/m3

Drag force

CAXpXV?xA
Drag force = > [47] (4.15)
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Where  Cd is drag coefficient of half sphere (balloon shape) = 0.42
p is the density of air = 1.29 kg/m?3

V is ascent velocity of the cansat

A is area of the balloon = 4nr?2 [48] = 4XnX(0.7752 = 7.54m?
) .. 7.45
The area that that the drag act on is half of the full area of the sphere, which is — 3.7725

0.47%x1.29kg/m3x2.52m/sx3.725 _
2

Drag force = 6.3N

Conclude that, lift force is greater than the summation of drag and weight due to gravity force, the

balloon will launch successfully at calculated ascent rate!!!

4.3.3 Analysis of aerostatic effect during recovering
For recovery analysis, | used the balloon itself after venting of some hydrogen from balloon by
using solenoid valve. The cansat starts descent when the lift force is less than the summation of
drag and weight due to gravity force. the inflated volume of the balloon for descent is to be one-
eighth of the inflated volume of ascent of the balloon. Then I will check the lift force is less than
the summation of drag and weight due to gravity force, if not, the inflated volume of balloon should
be adjusted again.

Inflated volume of the balloon for descent = 0.246m3

inflated volume
4.189

3/0.246m3
= 2 |———— =0.388m, r=0.19m
4.189
Lift force(FL)

Lift force(FL) = buoyancy force — weight of inflated hydrogen gas in balloon
FL= Vg (pair— pgas) [43]

3
Inflated diameter of balloon = 2\/
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Where: V is volume of balloon
g is gravitational acceleration = 9.81m/s?[48]
pair is density of dry air = 1.29kg/m3 [44]
pgas is density of hydrogen gas = 0.0899kg/m3 [44]
buoyancy force (FB) =V g pair [45]
FB = 0.246m3x9.81m/s%x1.29kg/m3 = 3.11IN
Weight of gas(Wg) = Vg pgas
Wg = 0.246m3x 9.81m/s2x0.0899kg/m3 = 0.21N
Lift force(FL) = FB —Wg =Vg (pair — pgas) = 3.11N - 0.21N = 2.9N
Total down ward force due to gravity(Wt), in newton second law
Wit= Mtg = (Mp + Mb + Mh) g
Where: Mt is the total mass of the probe
Mp is mass of payload = 624.9g = 0.6249kg
Mb is mass of balloon = 300g =0.3kg
Mh is mass of hydrogen inflated inside balloon = density of hydrogen X volume of balloon

Mh =0.0899kg/m3X0.246m3= 0.022kg
Then total downward force

Wt = (0.6249kg + 0.3kg + 0.022kg) x 9.81m/s? = 9.26N
Speed of descent

2w
Descent rate(V) = , m [50] (4.15)
d

Where, W is the the total weight (payload, balloon and hydrogen gas)
Cd is the drag coefficient of sphere = 0.47[49]
pair 1S density oy dry air

A is area of balloon = 4ntr? = 4X1tX0.48% = 0.45m?

2X9.26N

Descent rate(V) :\/0 17%1.29Kg /3 X0 452 =4.07m/s
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Drag force

CAxpXV?xA
Drag force = > [47]

Where  Cd is drag coefficient of sphere (balloon shape) = 0.42
p is the density of air = 1.29 kg/m?3

V is ascent velocity of the cansat

A is area of the balloon = 0.45m?

m2
=0.225m?

The area that the drag act on is half of the full area of the sphere, which is

0.42x1.29kg/m3x4.07°m/sx0.225m? _
Drag force = > = 1N

| conclude that, the cansat can descent successfully, because the summation of drag and weight
due to gravity force is less than lift force.
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CHAPTER FIVE

5. STATIC AND IMPACT ANALYSIS OF THE STRUCTURE USING
ANSYS

5.1 Introduction
ANSY'S mechanical is a finite element analysis tool it used for structural analysis, including linear,
nonlinear and dynamic studies. ANSYS is a computer simulation product it provides finite
elements to model behavior and supports material models and equation for a wide range of
mechanical design problems. Finite Element Analysis is a numerical method of modeling a
complex system into very small parts called elements. The software solves the problem and the
results can be presented in tabulated or graphical forms. Ansys is typically used for the design and
optimization of a system for complex to analyze manually. ANSYS provides a full set of elements
behavior, material models and equation solvers for a wide range of engineering problems.
Basic steps in finite element method
As solving any problem manually or by hand, (1) the solution domain need to be defined, (2) the
physical model should be constructed and imported, (3) boundary conditions is needed and (4) the
physical properties of the material is needed. After this we can solve the problem and present the
results. The main difference of numerical methods from analytical method is mesh generation.
This is divides the complex model into small refinement elements. The procedure which followed
to carried out the result are:
Defining engineering data: define of Material Properties which is a library of the necessary
materials that is selected for object of the project to be modeled. This includes thermal and
mechanical properties.
Import or constructing Geometry: Constructing of three-dimensional representation of the
object of the project to be modeled.
Generating Mesh: At this procedure ANSYS works how the modeled system should be broken
down into finite pieces manually or automatically.

Applying force: after the geometry is fully defined, force is inserted and applied on the object of
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the project depends on the its direction.

Applying boundary condition: insert the fixed support and to become the part of the object of
the project zero displacement.

Solve the problem: this procedure like yes or no option, if the above procedure are correctly
performed the problem will be progressing to solve, if not we need to revise the procedure which
is before solve until problem is being solved.

Presentation of the Results: once the solution has been obtained, as tables, graphs, and contour

plots, we can decide according to our project.

5.2 Static analysis of the bracket
The total force which is lifting force and the downward force is applied on the bracket of the
structure. So, | should have doing the stress analysis of the bracket using Ansys software. The
applied lifting force on the bracket during launching is 23.19N and the applied drag and weight
due to gravity during launching is 6.3N and 10.18N respectively. But during recovering the applied
force on the bracket are also lift force, drag force and weight due to gravity, these three forces are
29N, 1N and 9.26N respectively. the static analysis of the bracket is analyzed by applying the
value of lift force during launching which is 23.19N, because the maximum force applied on the
bracket are lift force during launch of the CanSat. The thickness of the bracket is 0.003 m and the

selected material for structure is aluminum 7075-T651.
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Figure 5.0.2: Mesh analysis of the bracket
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Figure 5.0.3:Total deformation analysis of the bracket
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A: Stress Analysis

Equiwvalent Elastic Strain

Type: Equivalent Elastic Strain - Top/Bottam
Unit: mm/mm

Time: 1

3/19/2018 10:04 &hA

0.00046986 Max
0.00041767
0.00036543
0.00031328
0.00026109
0.0002039
0.0001567
0.00010451
5.2316e-5
1.2304e-7 Min

90.00¢( )
m Z/\‘ *

45.00

Figure5.0.4: Equivalent elastic strain analysis of the bracket

A: Stress Analysis
Equiwvalent Stress
Type: Equivalent (von-Mises) Stress - Top/Botto
Unit: MPa

Time: 1

3/19/2018 10:05 Ak

33.617 Max
29,883

26.148

22.414

18.679

14.945

11.21

7.4755

3.7409
0.0063604 Min

Q.00 T

90.00
L I | il Z/\ e
45.00

Figure 5.0.5: Equivalent (von-mises) stress analysis of the bracket
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The mesh is generated automatically. Ansys result figure out as static analysis of the bracket is
safe. Because, the maximum and the minimum value of total deformation is 0.1665mm and Omm
respectively. This result is accepted. And the main considerable thing is equivalent(von-mises)
stress, the maximum and minimum value of equivalent(von-mises) stress is 33.617 Mpa and
0.0063604 Mpa respectively. This maximum and minimum value of equivalent(von-mises) stress
is very less than ultimate tensile strength and tensile yield strength which is 572 Mpa and 503 Mpa
of the material. As well as This maximum and minimum value of equivalent(von-mises) stress is
very less than compressive yield strength which is 503 Mpa. Conclude that the design of the
bracket is safe.

5.2 Impact analysis of the structure
This impact testing is needed for analyzing the resistance of the structure while it impacts with
concrete at a calculated value of descent speed of 4.07m/s with applying the payload force
which the weight of the payload inside the structure due to gravity. The calculated value of
applied force or weight on the structure due to gravity is 2.46N. the structure material is
aluminum 7075-T651. The material property of aluminum 7075-T651 which is shown in the
table 5.1 defining for the material properties of the structure during impact testing through
ANSYS. The structure impact tested with concrete. The reason why concrete selected, CanSat
is will launch in Addis Ababa city in the area of bole. So, as we know the land of bole is

covered by buildings and even each main and inside road are asphalt.
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Table 5.2: Material property of concrete.
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Figure 5.0.6:Explicitly dynamics analysis configuration
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Figure 5.0.7: Mesh analysis of the structure

“A: Explicit Dynamics: impact analysis
Total Deformation ‘
Type: Total Deformation

Unit: mm

Time: 1.00012-004

4/14/2018 7:14 P

0.41457 Max
0.36851
0.32245
0.27638
0.23032
0.184286
0.13819
0.092128
0.046064
0 Min

100.00 {rnrm)

50.00

Figure 5.0.8: Total deformation analysis of the structure
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A: Explicit Dynamics: impact analysis
Equiwvalent Elastic Strain

Type: Equivalent Elastic Strain - Top/Bottom
Unit: mm/mm
Tirme: 1.0001e-004
4/14/2018 7:15 Pr

0.00063136 Max
0.00056121
0.00049106
0.00042091
0.00035076
0.00028061
0.00021045
0.0001403
7.0151e-5

0 Min

100.00 {rnrm)

50.00

Figure 5.0.9: Equivalent elastic strain analysis of the structure

A: Explicit Dynamics: impact analysis
Equivalent Stress

Type: Equivalent (wvon-Mises) Stress - Top/Bo
Unit: MPa

Tirme: 1.0001e-004
4/14/2018 7:15 PM

35.284 Max
31.363
27.443
23.522
19.602
15.682
11.761
7.8408
3.9204
0 Min

100.00 {rmm)

50.00

Figure 5.0.10: Equivalent (von-mises) stress analysis of the structure
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Ansys result figure out as static analysis of the structure is safe. Because, the maximum and the
minimum value of total deformation is 0.41457mm and Omm respectively. This result is accepted.
And the main considerable thing is equivalent(von-mises) stress, the maximum and minimum
value of equivalent(von-mises) stress is 35.284 Mpa and 0 Mpa respectively. This maximum and
minimum value of equivalent(von-mises) stress is very less than ultimate tensile strength and
tensile yield strength which is 572 Mpa and 503 Mpa of the material. As well as This maximum
and minimum value of equivalent(von-mises) stress is very less than compressive yield strength
which is 503 Mpa. The mesh is generated automatically. Conclude that the design of the structure

is safe.
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5.3. Manufacturing process
Structure part Manufacturing process Used machine Used tools
Housing Rolling Roller machine Steel ruler
Drilling Drill machine Drill bit
Cutting Cutting machine Chisel
Hammer
Hacksaw and File
Bracket Bending Cutting machine Tri square
Cutting Drill machine Vernier caliper
Drilling Divider
Hacksaw
Vice and File
Head Boring Lathe machine Side cutter
Cutting Drill machine Boring tool
Drilling Drill bit
Vernier caliper
File
Bottom plate Cutting Lathe machine Drill bit
Drilling Drill machine divider
Steel ruler
Battery griper Bending Cutting machine Vise
Cutting Drill bit
Drilling Steel ruler
Hammer

Table 5.3: Manufacturing process
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CHAPTER SIX

6. ELECTRICAL SYSTEM AND FLIGHT SOFTWARE PROGRAMING

6.1Electrical integration
Transducers, electrical components are integrated in the printed circuit board. the voltage
consumption and the input voltage is supplied depend on the datasheet of the electronic. The
voltage is limited or control by using resistor, transistor and potentiometer depend on the ability
of the maximum input voltage of the selected electronics. The transducers analog and their output
result are in terms of volt. The output result in terms of volt is process and converted to their
standard unit depend on its own standard relation. GPS and radio module are transmit (Tx) and

receive (Rx) data, it communicates with microcontroller.

Temperature Pressure
sensor sensor e
5 -og. Rx| Tx
£ 2
g%ju éﬂ

|Analog input p4

Accelerometer

e |

-r—> Transducer and Electronics integration of CANSAT

Figure 6.0.1: Transducers and electrical integration of the CanSat
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6.2 UML Class Diagram

Pressure sensor Accelerometer

Temperature sensor

-Model: MPX4115A

-Model; MMA7341L

-Model: LM35DZ

Measuire air nres<ire Measnre oravitv

|

Sensors

Measure air temperature

Communication

-Name: Pressure sensor
-Name: Temperature & Humidity sensor -Name: Radio module

-Name: Gravity sensor - Model: APC220

-Controlled by microcontroller Communicate with Arduino and

1 eround station

1

Power source

Microcontroller

~ A

+Name:9V battery 1 8 Name: Arduino Uno

-Model: Uno R3 Valve

1 51 - Name: air solenoid valve
- Model: 0520D

+Check the power
consumption of the system

- Programmed

1

-Controlled by microcontroller

1 1

1 Position determiner 1
-Name: PS module Valve driver

Volt lat
oltage regulator -Model: SIM28ML

+Name:5V - Name: Buffer

- Programmed

checking I/O voltage -Controlled by microcontroller

Figure 6.0.2: UML class diagram
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6.3 flow chart of main program loop

Figure 6.0.3: Flow chart of main program loop
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6.4 Flowchart of program loop
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Figure 6.0.4: Flowchart of program loop
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6.5 program sketch
This code is the main code of the software work of the research. It is sketched depend on software
flowchart. TinyGPS.h library is used for GPS code and some calibration formula for calibration
of sensors are generated from the datasheet. Before coding, the software the driver is installed.

This code is written on integrated development environment(IDE) and the window is looks

(@ sketch_jun03a | Arduino 1.84 =] X
File Edit Sketch Tools Help

00 BBH

sketch_jun03a

titude, longitude;
at, flon;

t A=0;
t batterylevel = 0;
ial gpSerial(4, 3):

as a

//This string is defined
/! he E

uter time Computer Date Time Latitude Longitude

("(s) (deg) (deg) X Y 4 norm (*C) (millibar)

Figure 6.0.5: Flowchart of IDE window

This arduino code is sketched to make suitable for both data logger and GUI software’s by

including their needed coding behavior. The program sketch is in Appendix A:

6.6 Setting up Radio module
There are two ways of configuring the transceivers. They can be programed directly from the
Arduino board, or you can program them by using the program RF-Magic. For this research radio

module, RF Magic is selected. The radio module at the ground station will be connected to the
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computer trough a USB-TTL converter. this module needs a driver to work, it downloaded from
Silabs.com (CP210x USB to UART Bridge VCP Drivers). And it is an open source software. Once
USB-TTL converter drivers installed, plug in the USB converter with the inserted module. Then,
the window recognizes the Radio module, after that set the parameters. Most parameters
(frequency, air rate input power and serial rate) are gained from the specification of the radio

module for this research work the parameters used to program the radio module by RF magic is

shown below.
% RF-Magic (for APC22x V1.2A) — pre
RF Parameters Met Parameters
RF frequency [-433—- MHz NET ID (12345
RF TRx rate - NODE ID 123456759012
RF Power  [9(MaX]  ~| [~ AUTOADDT

Series Parameters

Series rate lSBDprs Ll Series Patity IDisable Ll

[ AUTO Write Mode

PC Series [COM7T - Write W Read R About

COMY7 Openec Found device! Model: APC22x series

Figure 6.0.6: RF magic parameter

6.7 Programing sketch for GUI
CanSat sent data to the ground station, scientific data which is sent from the CanSat needs data
logger software. There are many data logger software, from them for this work vera term, and IDE

serial monitor are used. But for GUI, PLXDAQ and processing software is used.
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The program sketch for GUI on processing software and the window is looks:

€@ sketch_180604a | Processing 3.3.7 - x
File Edit Sketch Debug s Help

&14AM
R

Figure 6.0.7: Processing window
The program sketch is shown in Appendix B
6.7. Used data loggers and GUI’s

The following figures, the first two are data loggers and the second two are GUI’s. The software

windows are shown below:

g aes@)EeLEO

Figure 6.0.9: Vera Term data logger window
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af)me 8@ )RR ALAED ;:®ma&

Figure 6.0.10: PLX DAQ GUI window

Figure 6.0.11: Processing GUI window

6.8. PCB design

Printed circuit board(PCB) PCB is a copper laminated and non-conductive Printed Circuit Board,
in which all electrical and electronic components are connected together in one common board
with physical support for all components with base of board. When PCB is not developed, at that
time all components are connected with a wire which increases complexity and decreases
reliability of the circuit, by this way we cannot make a very large circuit like motherboard. In PCB,
all components are connected without wires, all components are connected internally, so it will
reduce the complexity of the overall circuit design. PCB is used to provide electricity and
connectivity between the components, by which it functions the way it was designed.

There are many PCB design open source software’s and different printing mechanisms. For this
research the PCB is designed by PCB artist software, this software is an open source software.
And during design the dimensions and the space length of component pin, position of component
and layer stack of the PCB is decided, copper thickness and trace width (line impedance) is
considered and signal traces are done.

Basic used procedure to manufacture the PCB after designing of the PCB are print the layout using
laser printer on glossy paper and then transfer to coper board, then hold together properly and then
apply heat for 10 to 15 minute, then put the PCB in wet and removing the paper, then etching by

ferric chloride and then cleaning the board, drill and solder the components.
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Figure 6.0.12: PCB design

6.6.1 Basic placement of the component on the PCB

1 Accelerometer

2 Pressure sensors

3 Temperature sensor

4 Radio module

1 10
5 Resistor
6 Transistor = 2
2 o
7 Potentiometer o
8 Led light A
o 11
9 Reset button 13 o
10 battery 7 =+
.. . A 0 1
11 Digital pin o o .
12 Analog pin 12 o 0000000 1:;
13 power pin '- -
14 GPS module
15 solenoid valve 135 & & 4
Figure 6.0.13: Transducer and electrical component placement
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6.7 Battery Life Estimation

e
-

Figure 6.0.14: Total CanSat load current

The total load current of the CanSat which is measured by ammeter is 410.89mA. Depend on
the CanSat load current 9V alkaline battery (Energizer 522) is selected. And its Capacity:
625mAh. The battery life is estimated as: Battery life is estimated by dividing the capacity by
the actual load current. Which is 625mAh / 410.89 mA =1.52 hours. The CANSAT circuit
draws ~ 410.89 mA, powered by a 9 volt alkaline battery will operate about 1.52 hours.
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The telemetry data sequence is shown below.

6.8 Telemetry data sequence

Mission time Latitude Longitude Aldtitude
In second In degree In degree In meter
Course speed Course Acceleration Temperature
In m/'s In degree In gravity In 2
Pressure Battery level

In kpa I %0

Figure 6.0.15:Telemetry data sequence

From all scientific data except dew point and humidity, which is measured by Ethiopia
meteorology agency is also measured by CanSat. The reason why humidity sensor is not available
in local market. The value of dew point is calculated from temperature and humidity value. The

formula of dew point shown below.

1
Ty = (£)* (112 + 0.9T) + 0.17 — 112 [66]
Where Td is dew point temperature
f is humidity

T is temperature
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CHAPTER SEVEN

7. RESULT AND DISCUSSION
The CanSat tested in three areas, at meteorology compound, commercial bank of Ethiopia
constructing building and coffee processing plant. The CanSat measure the weather data and send

to the GUI wirelessly. The assembled CanSat shown below:
S AR T M NRASELTTAERTS R R
B Moy =

N
£

3V v 8% 410

Figure 7.0.1 CanSat
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7.1 CanSat measured data
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Figure 7.0.2: CanSat Temperature Vs Time data at bole meteorology agency compound
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Figure 7.0.3: CanSat Pressure Vs Time data at bole meteorology agency compound
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Figure7.0.4: CanSat Altitude Vs Time data at bole meteorology agency compound
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Figure 7.0.5: CanSat Acceleration in X,Y,Z ,Norm Vs Time data at bole meteorology agency

compound
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7.2 Meteorology satellite measured Data

Temperature Vs Time
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Figure 7.0.6: Meteorology Temperature Vs Time data at bole meteorology agency compound
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Figure 7.0.7: Meteorology Pressure Vs Time data at bole meteorology agency compound
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25000
_.
20000
E 15000
E il e Alitude(m)
£ 10000 oo
< /"r"
5000 |
o O
0 1000 2000 3000 4000 5000 6000
Time(Sec)

Figure 7.0.8: Meteorology Altitude Vs Time data at bole meteorology agency compound

The measured data of meteorology agency satellite and the CanSat measured data at the same time
is similar. The above both meteorology and CanSat data graph illustrates as both measured similar
value at the same time. The CanSat is tested at 16 meters height only from ground, due to lack of
balloon, but meteorology satellite height is 20,163 meters from ground. And the CanSat sent data
once per second, but the meteorology satellite sent data at random second. But to be sure that,
weather data of both the meteorology satellite and CanSat, the value of both reading at start time
and up to the height of CanSat is similar. And the above both the meteorology satellite and CanSat
data plot shows, when temperature increase pressure also increases, but altitude increase pressure

and temperature decrease. The data measured date is 5/9/2018.
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7.3 CanSat Location from GPS during measuring weather data at bole
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Figure 7.0.9: CanSat Location from GPS during measuring weather data at bole
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7.4 Testing the CanSat at high building
The CanSat tested at Commercial bank of Ethiopia head quarter constructing building, the CanSat
works perfectly and sends data to the ground station and the data displayed as a row data and as
graphical user interface. The weather data is measured and recorded at each floor (from 15¢ floor
to 24" floor). But to summarize, the data at first floor, middle floor (12t") and top floor (24%")
is included in this document, it shows the variation of weather at different altitude.
The data measured date is 6/7/2018.
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7.5 Ethiopia commercial bank building at 15¢ floor measured value
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Figure 7.0.10: Ethiopia commercial bank building at 15¢ floor measured value
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7.6 Ethiopia commercial bank building at 12" floor measured value
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Figure 7.0.11: Ethiopia commercial bank building at 12¢"*floor measured value
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7.7 Ethiopia commercial bank building at 24" floor measured value
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Figure 7.0.12: Ethiopia commercial bank building at 24" floor measured value
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7.8 CanSat Location from GPS during measuring weather data at CBE

building
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Figure 7.0.13: CanSat Location from GPS during measuring weather data at CBE building

Waleligne Molla 89|Page



Design and Development of CanSAT 2018

7.9 At coffee processing plant measured Value
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Figure 7.0.14: At coffee processing plant measured Value
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7.10 CanSat Location from GPS during measuring weather data at coffee

processing plant
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Figure 7.0.15: CanSat Location from GPS during measuring weather data at coffee processing
plant
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CHAPTER EIGHT

8. CONCLUSION AND RECOMMENDATION

8.1. Conclusion
In this thesis work, electronics are selected and detail Mathematical modeling for structure of the
CanSat is done. This structure is designed by considering the dimension of the required
components for the CanSat, after this Static(stress) analysis and explicit dynamics(impact) analysis
is done by ANSYS software, and the result becomes extremely safe. Software work
(programming) and system integration of electronics are done. Printed circuit board prepared
depend on the layout done by PCB artist software. Electronics Integration and battery consumption
is done. Aerostatic effect is analyzed for balloon selection and ascent and descent rate of the
CanSat is calculated.
Finally, the CanSat is tested. And, it works successfully. The CanSat measure weather data, GPS
data and acceleration data, then send the data to the ground station wirelessly. The CanSat
measured weather data is similar to Ethiopia meteorology weather data, it is already checked by
turn on the power and launching of both the CanSat and Ethiopia meteorology weather satellite at
the same time. The CanSat launching mechanism was proposed to be sounding balloon, but the
CanSat is tested at high altitude and simulated by mini balloon. Because sounding balloon not
available in local market. Ethiopia meteorology agency was asked to give sounding balloon, but
their response is not allowed to give sounding balloon and they writes letter as it is not allowed.
But the mission is achieved by simulating using mini balloon.
The CanSat measured the weather data and location at coffee plantation around nefas silk lafto.
The CanSat also tested at high altitude building above sea level, at commercial bank of Ethiopia
head quarter constructing building, and the CanSat records the data at each floor and transmits to
ground station then at first floor, middle floor and top floor measured data is selected and included
in this document. The data shows as pressure increase due to the increasement of temperature, and
pressure and temperature decrease while altitude increase.

To summarize, the expected outcome of this research is achieved.
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8.2. Recommendations of future works
This research is conducted to solve the problem of Ethiopia meteorology Agency. Because as
written in the statement of the problem, Ethiopia meteorology Agency invest 240 euro or in current
currency it becomes 7809.6 birr per day for broadcast daily weather condition. The agency used

satellite does not recover, it is use and throw.

The main idea of this research is to build up the satellite from locally available electronics,
materials and measure weather data. This satellite will be recovered, safe landing, and use again
for the next days. It is very important according to cost minimization and demonstration of science

and technology.

This research shown to us the CanSat as it measures weather data and send data wirelessly and it
show also as it recovers using solenoid valve. According to this research for the future with in
short time can design the weather satellite for wide rang mission by purchasing electronics for

wide range application.

If Ethiopia meteorology agency fund and purchase the following list of electronics the future
CansSat will replace the current weather satellite, it will recover and use again for the next days.

And it will be my future works.

The selected list of Electronics and materials for wide range mission is shown in tabular form

below:
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NO Model number Name Use QTY | Current Source
Cost(birr)
1 MS860702BA01- | Pressure, Used to measure |1 198.170 [58]
50 Temperature | Pressure,
and Temperature and
humidity Humidity
sensor
2 XBee-Pro 900 | Radio Used for wireless | 1 1844.472 | [59]
XSC S3B Wire module communication
3 Mega 2560 Rev3 | Arduino To control, and 1 1060.675 | [60]
processing data
4 1528-1076-ND For pulling 3 163.922x3 | [61]
Servo motor
purpose =491.767
5 KSV2WA-6K Solenoid For venting of 1 120 [62]
valve balloon
6 SIM28ML GPS To get latitude 1 1380 [63]
Module longitude,
altitude, course
speed, course,
Ascent rate
7 2000gr Sounding For launching 1 413.25 [64]
balloon
8 PH107 Parachute For descent 1 275.5 [65]
9 7075-T651 Aluminum | For structure 1000 Estimated
10 9V alkaline 9V battery | For power supply 600 Estimated
battery
Total Cost 7383.834 birr

Table 8.1: Components selected for wide mission, for future works
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https://electronics.stackexchange.com/questions/7883/ambient-operating-temperatures-for-duino-boards
https://electronics.stackexchange.com/questions/7883/ambient-operating-temperatures-for-duino-boards
https://www.digikey.com/product-detail/en/adafruit-industries-llc/169/1528-1076-ND/5154651
https://www.ebay.com/itm/DC-6V-2-way-Micro-Mini-Electric-Solenoid-Valve-Normally-Closed-for-Gas-Air-Valve-/262735492569?&autorefresh=true
https://www.ebay.com/itm/DC-6V-2-way-Micro-Mini-Electric-Solenoid-Valve-Normally-Closed-for-Gas-Air-Valve-/262735492569?&autorefresh=true
https://www.tme.eu/gb/Document/21c21c25dea7e420ab152fefcc79adf2/SIM28ML.pdf
https://www.alibaba.com/product-detail/2015-latex-weather-sounding-balloon_60195264305.html?spm=a2700.7724838.2017115.1.1ec3b597YqO3qX&s=p
http://www.alibaba.com/
https://www.alibaba.com/product-detail/Amaozon-hot-selling-20-feet-and_60750305858.html
https://www.alibaba.com/product-detail/Amaozon-hot-selling-20-feet-and_60750305858.html
http://www.alibaba.com/
https://www.ajdesigner.com/phphumidity/dewpoint_equation_dewpoint_temperature.php
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Appendix A

#include <SoftwareSerial.h>
#include <TinyGPS.h> //library to meet the GPS code
float latitude,longitude;
float flat, flon;
unsigned long startTime = 0;
intb=0;
const int missionA = 11;
float A=0;
float batterylLevel = 0;
SoftwareSerial gpSerial(4, 3);
TinyGPS gps;
void setup(){
Serial.begin(9600); // serial communication with baund rate to apc220 radio module
gpSerial.begin(9600); // serial communication baund rate to sim28ml GPS module
Serial.begin(9600); //Set serial baud rate to 9600
pinMode(missionA,OQUTPUT);
Serial.printIn("CLEARDATA"); //This string is defined as a
// commmand for the Excel VBA
// to clear all the rows and columns
Serial.printIn("LABEL,Computer Time,Computer Date,Time(S),Latitude,Longitude,Altitude,Course
speed,Course,Acceleration in the X,Acceleration in the Y,Acceleration in the Z,Acceleration
norm,Temperature,Pressure,Battery");
//LABEL command creates label for

// columns in the first row with bold font

Serial.printin(" WALELIGNE CANSAT
RECORDS "
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Serial.printin("Computer time Computer Date Time Latitude Longitude  Altitude Course
speed Course Acceleration in (g) Temprature  pressure Battery ");
Serial.printin  ("(H:M:S) (M/D/Y)  (s) (deg) (deg) (m) from GPS (m/s) (deg)
X Y Z norm (*C) (millibar) level in(%)");

Serial.printin("

}
void loop(){

startTime = millis();
Serial.print("DATA,TIME,");
Serial.print(" DATE,");
if (startTime/1000 >= 60 && startTime/1000 <=120)
{

digitalWrite(missionA,HIGH);

}

else

{

digitalWrite(missionA,LOW);

}

A = analogRead(A4)*0.0048828125;
batterylLevel = A*20;
while(gpSerial.available()){
if(gps.encode(gpSerial.read())){

b=1;
gps.f_get position(&latitude,&longitude); // get latitude and longitude

// returns +/- latitude/longitude in degrees
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gps.f_get position(&flat, &flon);

float falt = gps.f_altitude(); // +/- altitude in meters
float fc = gps.f_course(); // course in degrees

float fk = gps.f_speed_knots(); // speed in knots
float fmph = gps.f_speed_mph(); // speed in miles/hr
float fmps = gps.f_speed_mps(); // speed in m/sec
float fkmph = gps.f_speed_kmph(); // speed in km/hr

Serial.print(startTime/1000);
Serial.print(",");
Serial.print(latitude);
Serial.print(",");
Serial.print(longitude);
Serial.print(",");
Serial.print(falt);
Serial.print(",");
Serial.print(fmps);
Serial.print(",");
Serial.print(fc);
Serial.print(",");
readAcceleration();
readTempraturePressureSensor();
Serial.print(batteryLevel);

Serial.printIn(",");

delay (1000);

}
}

initializer();
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}

void readAcceleration()

{
float X,Y,Z,norm;
X = analogRead(A2)*0.011097301;
Y = analogRead(A1)*0.011097301;
Z = analogRead(A0)*0.011097301;
norm = sqrt(X*X+Y*Y+2*Z);

Serial.print(X);

Serial.print(",");

Serial.print(Y);

Serial.print(",");

Serial.print(2);

Serial.print(",");

Serial.print(norm);

Serial.print(",");

}

void readTempraturePressureSensor()

{

float Temprature;

Temprature = 1.0*analogRead(A3)*0.48828125;

float Pressure;

float pressureSensorValue,tempfactor;

pressureSensorValue = analogRead(A5)*0.0048828125;
Pressure = ((pressureSensorValue/1024) + 0.095) / 0.0009 ;

Serial.print(Temprature);

Serial.print(",");
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Serial.print(Pressure);
Serial.print(",");
}
void initializer()
{

if(startTime/1000 >= 0 && startTime/1000 <= 60 && b == 0)

{
Serial.print(startTime/1000);
Serial.print(",");
Serial.print("waitingGPS");
Serial.print(",");
Serial.print("waitingGPS");
Serial.print(",");
Serial.print("waitingGPS");
Serial.print(",");
Serial.print("waitingGPS");
Serial.print(",");
Serial.print("waitingGPS");
Serial.print(",");
readAcceleration();
readTempraturePressureSensor();
Serial.print(batteryLevel);
Serial.printIn(",");
delay(1000);

}
else if(startTime/1000 > 60 && b == 0)

{
Serial.print(startTime/1000);
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Serial.print(",");
Serial.print("no GPS");
Serial.print(",");
Serial.print("no GPS");
Serial.print(",");
Serial.print("no GPS");
Serial.print(",");
Serial.print("no GPS");
Serial.print(",");
Serial.print("no GPS");
Serial.print(",");
readAcceleration();
readTempraturePressureSensor();
Serial.print(batteryLevel);
Serial.printIn(",");
delay(1000);

}

}

Waleligne Molla

106 ||[Page



Design and Development of CanSAT 2018

Appendix B

/I Lets create a simple Analog GUI
/I Import Meter library
import meter.*;
/I Import serial library
import processing.serial.*;
Serial port; // Define a port
Meter m, m2, m3, m4,
void setup(){
/I Create empty window
size(1200, 1200); // Size of the window (width, height)
background(0, 0, 0); // Background color of window (R,G,B)
Il Create new port
port = new Serial(this, "COM7", 9600);
/l TIME METER
m = new Meter(this, 150, 80); // here 25, 10 are x and y coordinates of meter's upper left corner
m.setTitleFontSize(20);
m.setTitleFontName("Arial bold™);
m.setTitle("Time (second)");

/l Range meter scale values
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String[] scaleLabels = {"0", "100", "200", "300", "400", "500", 600", "700", "800", "900",
"1000", "1100", "1200", "1300", "1400"};

m.setScaleLabels(scaleLabels);
m.setScaleFontSize(18);
m.setScaleFontName("Times new roman bold");
m.setScaleFontColor(color(200, 30, 70));

/I Display the value of meter
m.setDisplayDigitalMeterValue(true);

/I modification of meter
m.setArcColor(color(200, 0, 178));
m.setArcThickness(15);
m.setMaxScaleValue(1400);
m.setMinInputSignal(0);
m.setMax InputSignal (1400);

m.setNeedleThickness(3);

I/ALTITUDE METER
/I lets take some refference from first meter
int mx = m.getMeterX(); // x coordinate of m
int my = m.getMeterY(); // y coordinate of m
int mw = m.getMeterWidth();
m2 = new Meter(this, mx + mw + 20, my);

m2 = new Meter(this, mx + mw + 20, my);

Waleligne Molla 108 ||Page



Design and Development of CanSAT 2018

m2.setTitleFontSize(20);
m2.setTitleFontName("Arial bold™);
m2.setTitle("Altitude (meter)™);

// Range meter scale values

String[] scaleLabels2 = {"0", "200", 400", "600", "800", "1000", "1200", "1400", "1600",
"1800", "2000", "2200", "2400", "2600", "2800", "3000", "3200"};

m2.setScaleLabels(scaleLabels2);
m2.setScaleFontSize(18);
m2.setScaleFontName("Times new roman bold");
m2.setScaleFontColor(color(200, 30, 70));

// Display the value of meter
m2.setDisplayDigitalMeterValue(true);

/I modification of meter
m2.setArcColor(color(0, 550, 550));
m2.setArcThickness(15);
m2.setMaxScaleValue(3200);
m2.setMinInputSignal(0);
m2.setMaxInputSignal(3200);
m2.setNeedleThickness(3);

/| TEMPRATURE METER
m3 = new Meter(this, 150,400); // here 25, 10 are x and y coordinates of meter's lower left corner

m3.setTitleFontSize(20);
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m3.setTitleFontName("Arial bold"™);
m3.setTitle("Temprature (°C)");

/I Range meter scale values

String[] scaleLabels3 = { 0", "5", "10", "15", "20", "25", "30", "35", "40", "45", "50"},

m3.setScaleLabels(scaleLabels3);
m3.setScaleFontSize(18);
m3.setScaleFontName("Times new roman bold");
m3.setScaleFontColor(color(200, 30, 70));

// Display the value of meter
m3.setDisplayDigitalMeterValue(true);

/I modification of meter
m3.setArcColor(color(0, 200, 0));
m3.setArcThickness(15);
m3.setMaxScaleValue(50);
m3.setMinInputSignal(0);
m3.setMaxInputSignal(50);
m3.setNeedleThickness(3);
/l PRESSURE METER
/I lets take some refference from third meter
int m3x = m3.getMeterX(); // x coordinate of m3

int m3y = m3.getMeterY(); // y coordinate of m3
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int m3w = m3.getMeterWidth();

m4 = new Meter(this, m3x + m3w + 20, m3y);
m4 = new Meter(this, m3x + m3w + 20, m3y);
m4.setTitleFontSize(20);
m4.setTitleFontName("Arial bold"™);
m4.setTitle("Pressure (millibar)");

// Range meter scale values

String[] scaleLabels4 = {"0", "100", "200", "300", "400", "500", 600", 700", "800", "900",
"1000", "1100"};

m4.setScaleLabels(scaleLabels4);
m4.setScaleFontSize(18);
m4.setScaleFontName("Times new roman bold");
m4.setScaleFontColor(color(200, 30, 70));

// Display the value of meter
m4.setDisplayDigitalMeterValue(true);

/I modification of meter
m4.setArcColor(color(0, 0,350));
m4.setArcThickness(15);
m4.setMaxScaleValue(1100);
m4.setMinInputSignal(0);
m4.setMaxInputSignal(1100);

m4.setNeedleThickness(3);
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void draw(){

/ title to our window

textSize(35);

fill(0, 255, 0); // Font color, (r,y,b)

text("Time, Altitude, Temprature and Pressure”, 200, 50); // ("text", X, y)

if (port.available() > 0){
String val = port.readString(); // read incoming string on serial port

Il First we need to separate temprature, pressure, altitude and time values
String[] list = split(val, ',"); // splits value separated by '’

float Time = float(list[3]); // third value is Time from arduino

float Altitude = float(list[6]); // sixth second value is Altitude from arduino

float Temprature = float(list[13]); // thirteenth third value is Temprature from arduino
float Pressure = float(list[14]); // fourteenth value is Pressure from arduino
m.updateMeter(int(Time)); // int is used due to updateMeter accepts only int values
m2.updateMeter(int(Altitude));

m3.updateMeter(int(Temprature));

m4.updateMeter(int(Pressure));

printin("Time: " + "second" + " Altitude: " + "meter” + " Temprature: " +"°C" + " Pressure:

"+ "millibar");
Il use delay to see the changes

delay(500);
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