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1 IAP Space Program 2012 - 2020

1.1 Program Overview
The program has three parts or aspects:

e Scientific Program
e Satellite Design and Construction

e Mission Simulation Control for a Shuttle System hired from Japan/India/China/...

1.2 Scientific Program
1.2.1 Conception for IR Sensor and Gamma Astronomy Sensor

1.2.2 Pulsar Radio Astronomy Sensor

22 s time series
JMUM_MKL_AMLJWJJJJWLJW

| ' |
o\ LWW"WNL V\NJW&M
140 ms zoom in on individual pulses

e

Ny

Antenna 1 Antenna 2
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1.2.2.1 The SRWDA Project

Sarve

The radio astronomical IAP project supernova radio wave detector and analyzer (SRWDA)

aims to detect and analyze HI radio signals from supernova remnants. At the base station a

set of antennas, which gives also direction

information of the signals, is aimed to be connected to a computer which acts as Software

Defined Radio (SDR). Afterwards an analyzing program is aimed to be installed.

Later the detectors are planned to be installed on satellites to improve the resolution and to

suppress disturbing signals from earth stations.

1.2.2.2 Ground Station for Radio Astronomy: IAP_SRWDA
Last update: 06 December 2013

Exterma
I/ DL

To The free software defined radio
the 4 HOSDR

Actual Working Packages:

* Development of Prototype with parts of IAP ECS

Financial and man power needs for 2014:

fin]
intarface

,
\normaily
to
soundcand)

SEWDA Analyzer

Anzlysis software package

* 1 persons (e.g. as PhD thesis) with student support (e.g. as master thesis)

* 1.000 USD material

Actually a master thesis is undergone in this project [Kassar 2014].

1.3 Satellite Design and Construction

The architecture of a satellite mission
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The draft of a satellite mission

Design and planning of a satellite

Design of the energy supply system

Draft of the position control system

Design of the drive system

Performance Evaluation of Propulsion Systems
Description of the Analysis Tool

Design of the radio link

Design of the on-board data processing system
Design of the thermal control system

Design of the structure and mechanisms

Reliability and product assurance

1.4 Old Program (last updated Dez. 12)

Das IAP-Programm umfasst fiir den Zeitraum Jan 2013 — Dez 2015 folgende Einzelpakete:

A. Programmpaket Mission (Start bis LEO — Ubergang in Erdflucht — Einschwenkung in Mondorbit — Abtrennung des

Landemoduls vom Mutterschiff — Landung des Landemoduls auf dem Mond - Start und Flug zum Muttersschiff im

Mondorbit)

B. Programmpaket wissenschaftliche Mission (Messen von kosmischer Strahlung, Vorauswertung, Senden zur Erde)

Programmpaket A:

- SW-Programmumgebung unter Linux

- Implementierung von PN Navigation und anderen regelungstechnischen Algorithmen (inkl. Lenkung), Benutzung

von MATLAB/Simulink (Student Vers. bei Amazon 77 EUR)
- Implementierung von Image Processing (Bildsequenzen)
- Benutzung von CFD/Numerical Combustion SW
- Migrierung des alternative Lotte Systems zu einem Landemodul
Programmpaket B:
- SW-Programmumgebung unter Linux

- Wissenschaftliches teilchenphysikalisches Programmpaket

- MATLAB/SIMULINK Einarb. Satellitenregelung

- SIM-Programm Einarbeitung
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1.5 Aim of IAP_SRWDA-.SAT project

e initialization of a small private space program (mission planning, communication,
telemetry (ground tracking), FCS) which is expendable to commercial usage

e initialization of astrophysics scientific program

1.6 Mission Overview for IAP-Sat
The satellite shall be based on technology of Turkish Goktiirk and DubaiSat-1

Goktiirk

DubaiSat-1
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Dubai Medium Aperture Camera (DMAC)

1.7 Satellite & Ballon System for Communication
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1.8 Open Tasks (updated 2019)
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Leb

(Communication Satellite Platform) =YL= slkol a3 ol

-

3000 Kgi?ayrdéd - ,
COM Unit for GEO.

. . About 50008 /kg
Telecommunications

For 3000 kg = 15 Mio $

Transporter

Pre-Development (2012-2019)

IMU or Inertial Measurement Unit

The IMU has the following parts:
- Gyro

= Accelerometer

- Magnetometer

The radio ical IAP project sup radio wave detector and analyzer SRWDA

Communication

The satellite chemical propulsion system is based on this system
= Methane tank

= Oxygen tank

= Thrust chamber

) Transporter propulsion system design
Chemical Prop.

Pre-Development (2012-2019)

Electrical Prop. 4 : . . . - Empty Room
Unit - -

Needed Human Resource External Year
2 Technicians, 4 MM (man months) 50005 2019
Eng, 5 MM 2005 2019
2 Technicians, 2 MM 10005 2019
Eng, 1MM 3005 2019
1 Technician, 1 MM 15005 2019
1 Technician, 1/2 MM 5005 2019
2Eng, 6MM 30005 2020
2Eng, 6MM 30005 2020
2020
2020

@AECENAR — ICS May2019 MMJZ
www.aecenar.com/index.php/institutes/ics
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2 Project Management

2.1 Organisation

1 Satellite Bus

1.1 FCS 1.2 Ground Station

with direction finder
SDR tracking

2 Scientific Program

- Supernova Radio Wave Detector and Analyser (SRWDA)

2.1 Data Collection of one intergalactic region (step 1: from

ground) (in cooperation with KIT, Karlsruhe, Germany

Started: Oct 2013 (Master Thesis S. Kassar)

2.2 Data Collection of one intergalactic region (step 2:
satellite based)

- IRS, GAMS, optical spectrometer

3 Mission Planning
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2.2 |AP Organigram

Institute for Astrophysics - IAP, www.aecenar.com/intitutes/iap

ORGANIGRAM - Staff of IAP Departments

IAP-INSTRUMENTS

| l | ___

IMU Chemical Propulsion Electrical Propulsion IAP-GAMS

D Mariam Mourad, B.Sc] Dr. Samir Mouratj
N.N.

Scientific Director & Student Affairs
Strategics Wariam Mourad,
Dr. Samir Mourad B.Sc.

2.3 Documentation

Satellite Bus Satellite Bus Prototype

IAP-SAT Reports 1-6 (2012-2020),

- Conception Final Report
- HIL Testrig
- Intergration of Prototype
Payload Radioastronomy Sensor [Kassar 2014]
Shuttle Modeling of shuttle (motor, body) IAP-TRANSPORTER (planned
Mission Planning 2018)
Operation  of | Ground Station with direction finder | planned 2019

satellite SDR tracking

2.4 Yearly Working Packages, Time Plans, Costs

24.1 1AP 2012
July — September 2012

Mission Simulation

Costs: 500 $

24.2 |AP 2013
June — Dec 13 : Conception Phase

Milestone (Dec 13): First Mock-up model
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2.4.2.1 Costs IAP 2013

2013 Materialkosten Arbeiterlohne Einnahmen Ausgaben/MonaBilanz/Monat Bilanz/Jahr

Januar 0 0
Februar 0 SO
Marz 0 SO
April 0 SO
Mai -$800 -800 -$800
Juni -$300 -$800 -$1.100 -$1.100
Juli -$960 -$960 -$960
August S0 SO
September -$800 -$800 -$800
Oktober -$150 -$760 -$910 -$910
November -$800 -$800 -$800
Dezember -$480 -$480 -$480
-$450 -$5.400 -$5.050

2.4.3 Working packages 2014

WP | Working package content | Time span, Development Respon- Status
No. material costs environment (HW, | sible

SW)
1 Implementing Space | 24.7.-7.8. HP Server, scicos

Model, Sensor Model and
Actuator Model (only

Resistojet) in scicos

Sources: M.Yassir Diss.

2 Star camera: Fixing on | 8.8.-31.8.

Orion -> star coordination
card in memory, Vergleich mit

aufgenommenem Bild

3 Resistojet Thruster | 24.7.-7.8. ProE
Prototype

4 Development and Test | 31.7-1.8. Word
Bench System Design

11
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2.4.3.1 Costs IAP 2014 (planned)

Speclalized
Worker/Fach
Enginesr need |arbeiter Student Parsonnel |Material  |Duration [Meaded
(MM (MM (172 MM |Costs Costs {months) [Staff
IAP SHWDA-SAT mock-up modgl $1.000 $200 11 Student (A1)
spacification prototypea $1.000 1|1 Student (A1)
1 Master Student
{ekctrical
anginaearing)
prototype (COM, FCS) aus ECS u. alt.Lotte dbarnehmen $4.000 $1.200 61 Student (A1)
rmission simulation $2.000 1]1 Student (A1)
Specification MPD propulsion systam $1.000 3|1 Student (A1)
MPD propulsion systam $5.000 $2.000
I1AP_SHW DA-SAT Migration from |AP_SRWDA
Ground Station Ground Station $3.000 $1.000 11 Student (A1)
1 Master Student
IAP_SAW DA {ekctrical
Ground Stafion Integration Ground Stafion Protofype $1.000 3|engineering) Suhesb
Sum: 22.500 $
2.4.4 Working Packages and Time Plan 2015
WP | Working package content Time span, Development | Responsible Status
No. costs environment
(HW, SW)
1 Specification, Cost Analysis. Mar-Apr 2015 | FreeCAD, Master Student | finished
Result: Presentation Film (2 man Gpredict, Fatima Al Chaar
months) OpenSat
2 Hardware-in-the-Loop test rig | May-Aug Scicos, Master Student | Finished
without adaption to board | 2015 (4 man | ubuntu, C | Fatima Al Chaar
computer months) compiler
3 Concept for Propulsion Unit July/August Practical finished
20015 (1 man Student Ibrahim
month) Ghanem
4 Implementation of  control open
algorithm at On-Board-
Computer and Closed-Loop-
Integration of HIL
5 Visualization of satellite open
movement in orbit based on
scilab simulation data
6 Specification of battery system Practical finished
Student Ibrahim
Ghanem
7 Specification, Design of star Practical Partly
Student
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camera and algorithm Houssam finished

Barbara

2.4.5 |AP-SAT 2016

2.4.5.1 Project Status at Beginning of actual project phase (2016)
- Presentation film

- HIL test rig

- Concept for propulsion unit, concept for battery

2.4.5.2 Goal of actual phase
- On-Board-Computer Integration with Control Algorithm

- Visualization of satellite movement in orbit based on scilab simulation data
- Integration

- Fiber Optic Gyro development test rig

- Mission Simulation of Orbitting IAP-SAT

2.4.5.3 Overview Planning & Budget IAP 2016

IAP Completing IAP-SAT Prototype Building Experimental Rig for Electrical
Satellite Propulsion Unit

Vacuum Chamber

Data Readout at 200MHz
Figure 3. One of the I-MPD Test Facilities

Budget: 5000$ Budget: 1500$

2.4.5.4 To do with internal ressources

WP | Working package content | Time span, Development | Responsibl | Status
No. costs environment |e
(HW, SW)

1 Implementation of control open
algorithm at On-Board-
Computer and Closed-
Loop-Integration of HIL

2 Visualization of satellite open

13
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movement in orbit based on
scilab simulation data
3 Specification, Design of star Practical Partly
camera and algorithm Student finished
Houssam
Barbara
2.4.5.5 Master Thesis Tasks to complete the IAP-SAT prototype
From http://aecenar.com/job-opportunities
Title Keywords Preferred Faculty/ AECENAR
Student Profile Project
Development of a star tracking Electronics IAP-SAT
camera for a meteorological satellite
Integration of GPS and star tracking Electronics IAP-SAT
to multisensor attitude control system
for a meteorological satellite
Development of a PPT propulsion Electronics / Mechanical | IAP-SAT
unit for attitude control for a Engineering
meteorological satellite
Study (including vibration) and Mechanical Engineering IAP-SAT
Planning of bringing a meteorological
satellite into orbit
Development of a  electrical Electronics / Mechanical | IAP-SAT
propulsion unit (Pulsed Plasma Engineering
Thruster (PPT)) for attitude control of
a small meteorological satellite

2.45.6 Time Plan FOG Development

[t Gantt | {§ Resources Chart |

Z 3

project

[ER R 3 Zoom n | Zoom Out

July 2016

Today ¥ | —Past | Future =  Show critical path | Baselines...

August 2016
I

End date
8/16/16

Name Begin date

7/25/16

E © Sagnac effect

) T
20 21

T )
25 28 27 28 29

T ) T I ) T T T
1 2 3 4 5 8 9 10 11 12

T T T
15 16 17 18 18 22

@ Visualization 7/25/16 8/2/16

© Effect testing 8/16/16 8/16/16

@ Detector circuit 7/25/16 8/2/16

© Laser circuit 8/16/16 8/16/16

@ Mounting platform 8/15/16 8/15/16

8/17/16
8/17/16

8/17/16
8/17/16

= © Sensor building

© Testing polarisator

© Optimizing firber optic loop 8/17/16 817116

© Optimizing Detector circuit & D... 8/17/16 8/17/16

* Adding interface to PC 8/17/16 8/17/16

I
JuEn] 1
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2.4.6 Overview Planning & Budget IAP-SAT 2017

Completing IAP-SAT Prototype, Budget: 1500% Building Experimental Rig for Electrical Satellite
Propulsion Unit, Budget: 500$

Vacuum Chamber

Data Readout at 200MHz
Figure 3. One of the I-MPD Test Facilities

2.4.6.1 Todo for CNCLab
10.8.17: paid 600%

WP | Working package content | Time span, Development | Due Date Status
No. costs environment
(HW, SW)
1 IMU (Gyro+Acc.) 6DOF 1d, 50%
2 OnBoardComputer 1d, 100$
3 Star Camera 3d, 50%
4 Electrical Propulsion Unit 3d
5 Telemetry 1d
6 Integration to IAP-SAT 2d
7 Earth Station 2d
8 Visualization of satellite
movement in orbit based on
scilab simulation data

Working start: 18.8. Due Date for total system: 1.9.17

2.4.6.2 To do with internal ressources

WP | Working package content | Time span, Development | Responsible | Status
No. costs environment

(HW, SW)
3 Development of a PPT Mariam

15
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propulsion unit for attitude
control of IAP-SAT

Mourad

2.4.7 |AP-SAT 2020

2.4.7.1 Time Plan for COM System (Last update: 16.2.2020)

Title Description Estimated Time | Status
Task 1: Introduction
Introduce HackRF and getting start
with, a brochure summarize the
HackRF o 5 days Done
main info should be prepared and
established
. Introduce and understand SDR
SDR (Software Defined .
) workflow and check for its | 5days Done
Radio) )
available software
Task 2: Getting Start
o ) Use available SDR software to
Receiving signal o ) ) 2 days Done
receiving signal using HackRF
o ] Use available SDR software to
Transmitting signal o . ) 2 days Done
transmitting signal using HackRF
Prepare Pentoo OS on a machine or
Pentoo OS USB image to be used with the | 2 days Done
HackRF
. Getting start with GnuRadio
GnuRadio i ) 3 days Done
compain and make some tutorials
. Install GnuRadio on Raspberry Pi
Raspberry&GnuRadio 4 days In progress
OS and make some testes
Task 3: System 1 (Send and receive system “separately”)
Make a Sender Build a system to send a RF signal | 4 days
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using a HackRF and Raspberry Pi.

Build a system to receive a RF
Make a Receiver signal using a HackRF and | 7days
developed SDR software

Task 4: System 2 (Send \ Receive system)

Update the Raspberry Pi system to
Raspberry S\R make it two way communication | 3 days

sys (send \receive)

Update the developed SDR
SDR software S\R software to make it two way | 3 days

communication sys. (send \ Receive)

Task 5: System 3: Lotte System

Connect Arduino to Raspberry and
Arduino > Raspberry send and receive data from it using | 5 days

USB connection

Use HackRF to send Arduino data,
Raspberry > HackRF . . 10 days
and to receive command for it

Use a Windows developed
HackRF > Gui software to receive sent data from | 10 days

the raspberry side to be access

Total time: 65 days, Spent time: 20 days, Remaining time: 45 days

17




Part I: IAP Space Program

2.5 Estimated Costs of IAP-SAT (satellite development and the launching)

Satellite Development Cost and Launch Cost

Personnel
Working Package Material Cost Man Month Qualification | Salary/MM | Cost per |Total item
item cost
Camera 540,000 6|Eng $5,000 $30,000 $70,000
Chemical Propulsion
System 550,000 10|Eng $5,000 $50,000 $100,000
Gyroscopes $20,000 10|Eng $5,000 $50,000 $70,000
Accelerometers $20,000 10|Eng $5,000 $50,000 $70,000
Tank for fuel $10,000 5|Eng $5,000 $25,000 $35,000
Tank for oxygen $10,000 5|Eng $5,000 $25,000 $35,000
Solar panels incuding
battery system $15,000 10|Eng $5,000 $50,000 $65,000
Communication's board $5,000 10|Eng $5,000 $50,000 $55,000
Board Control Computer $10,000 10|Eng $5,000 $50,000 $60,000
Antenna system $10,000 10|Eng $5,000 $50,000 560,000
Integration $10,000 5|Eng $5,000 $25,000 535,000
Test $10,000 15|Eng $5,000 $75,000 585,000
Launch $1,600,000 $5,000 S0 $1,600,000
Ground Station $100,000 $5,000 S0 $100,000
Total Cost $2,440,000
Operational Cost per year
Personnel
Working Package Material Cost Man Month Qualification | Salary/MM | Cost per |Total item
item cost

Maintenance 540,000 12|Eng $5,000 560,000 $100,000
Ground Station $20,000 36 $3,000| $108,000 $128,000
Total Cost $228,000

Tablel: Costs of development and launching of 1AP

With the consideration of the maintenance and operational cost, the total cost of IAP-SAT is

around 2,668,000%. The satellite’s expected life time is at least 5 years.
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2.6 Master Thesis concerning HIL and mission simulation’

W AECENAR
-»

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

Viww.aecenar.com

INSTITUTE
ASTROPHYSICS

Ras Nhache/Batroun
Bismillah www.aecenar/institutes/iap
12.2.2015

Space [+
Environment |-

]

Simulation Environment In such a way the Graphical User Interface shall be

Master Thesis

Simulation of the system and of the operational flight of IAP-SAT to take meteorological data to monitor and estimate the
energy supply potential of large scale photovoltaic energy plants to control a national alternative energy supply program

Detailed description and working plan

Modeling of actual IAP-SAT hardware and software components in octave 8 weeks
Modeling of IAP-SAT mechanical components with ProE 3 weeks
Integration to a operation flight model and visualization in IAP-ECS environment 3 weeks
Documentation 3 weeks

Keywords: Control of national energy mix programs, large scale photovoltaic plants, meteorological data, Low Earth
Orbit Satellite, Flight Mechanics&Dynamics, Matlab Simulink/Scilab

Contact: Samir Mourad, Email: samir.mourad@aecenar.com, Mobile +961 76341526

1 The master thesis was worked out by Fatima Al Chaar, Student of Energetic Physics at Lebanese

University, Tripoli

19
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O AECENAR

Association for Economical and Technological Cooperation

in the Euro-Asian and North-African Region

Bismilich

3L i

Ras Nhache/Batroun
www.aecenar/institutes/iap

S 26 1222015

Simulation Environment

In such a way the Graphical User Interface shall be

Master Thesis

simulation of the system and of the operational flight of IAP-SAT to take meteorological data to monitor and estimate the
energy supply potential of large scale photovoltaic energy plants to control a national alternative energy supply program

Detailed description and working plan

Modeling of actual IAP-SAT hardware and software components in octave 8 weeks
Modeling of IAP-SAT mechanical components with ProE 3 weeks
Integration to a operation flight model and visualization in IAP-ECS environment 3 weeks
Documentation 3 weeks

Orbit Satellite, Flight Mechanics&Dynamics, Matlab Simulink/Scilab
Contact: Samir Mourad, Email: samir.mourad@aecenar.com, Mobile +961 76341526

~Keywords: Control of national energy mix programs, large scale photovoltaic plants, meteorological data, Low Earth
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_

[ 1 1 1 7 1 71 7 1 @ 1 11|

H Name Stat  Finish Mach2015 | Apil2015 | May2015 Jue 2015 | Jup2015 |
039 16 23 30 06 13 20 27 04 11 18 25 01 08 15 22 29 06 13 20 &7
M aster 2 340200 74312207 | |
H Ch.1: Intro E Introduction 30520 3721720
The praoject [AP-SAT, description of task 3A0/200 34217201 | |
” Ch.2: Basi F Basics 3218/20 5787201 v v
| Metecralogy, orbits. LEO 3187201 3730720 —
| Signalskblocks, sional proccessing, control blocks 44267201 5842015 —
S atellite bus, meteoralogical satelites, payload for metea 34184201 4/8/2015 ——
| Ch.3.1 = TAP-SAT Mizssion simulation [JAP-SAT_MIS] 3/23/20 4415720 p—
(311 Specifications of arbit parameters of IAP-SAT[meteorolog 37237201 4/41/2015 —
H 312 Wizualization of ground track of anly IAP-SAT with gpredi 4/2/2015 44872015 —
| 313 Modeling of [AP-SAT in FreeCAD 4/9/2M5 4415/20 [—
|| Ch.41 I Presentation film 4/16/20 4/25/20 —
Meteorological sats, FreeCAD model of [AP-SAT, ground 44167201 4/25/201 I
| Ch.3.2 = IAP-SAT Hardware in the loop test in rig [IAP-SA 5/9/2001 7/10/20 v v
H System design of simulated bocks and real Hw (Accel,  5/9/2015 64372015 I
Implementation: simulated Blacks [e.g Space envionme 6472015 74104201 ™
H Ch.4.2 [ Documentation film of long enduring SIL test  7/12/20 7/23/20 y—
|4P-54T HIL operation and testing [Full operation in arbi 7412/200 77237201 I
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2.7 Master and PhD Tasks concerning the electrical propulsion unit

AECENAR

Association for Economical and Technological Cooneration
in the Euro-Asian and North-African Region

Ras Masqa/Tripoli, Lebanon 24-12-2018

Master Thesis:
Eddy current sensor for the PPT teststand

IAP aims to control the position of the satellite IAP-SAT with a PPT
(Pulsed Plasma Thruster).

For this reason we have to test the
specific Impulse of this thruster.
We decided to use for the measurements -
an eddy current sensor.

Conducting Target
Magnetic Field

Probe Body

Target
Coil
N

@ 1 ru'-;:m || Microcontrolier | Qutgut
W

Figure 4. Components of eddy current displacement
sensor.

Tasks:

* Design of the different components of the detector
* Construction

+ Takingmeasurement data

* Analysisof results

Contact:

Dr. Samir Mourad,

Mob.+961 76 341526 (Lebanon),

WhatsApp +49 178 7285578 (Mob. Germany)
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S AFCENAR
-

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

Ras Nhache/Batroun
Besmidioh www _aecenar/institutes fiap

IAP Laboratory at Ras Nhache/Batroun, Lebanon

IAP-SAT is the first Lebanese meteorological satellite. It will be used to take meteorological data to
estimate the state of weather in Lebanon.

In 2015 there was established a hardware-in-loop test rig for IAP-SAT where the space environment was
simulated. One of the next steps shall be the development of an electrical propulsion unit based on
pulsed plasma thruster (PPT) technology. In two PhD theses there shall be investigated the PPT thruster
and its interaction with Van Allen Belt magnetic field.

PhD Thesis:

CFD Simulation of interaction of IAP-SAT PPT with Van Allen magnetic field

Detailed description an working plan:

e Development of appropriate optimized CFD algorithm package able to undergo a fast simulation
of PPT similar magnetic field environments
e Taking Simulation Data for interaction of IAP-SAT PPT with Van Allen Belt magnetic field.

Keywords: Electrical Space Propulsion Units, pulsed plasma thruster (PPT) technology, computational
fluid dynamics.

Contact: Samir Mourad, Email: samir.mourad@aecenar.com, Mobile +961 76341526
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S AFCENAR

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region
saeCenar, Ccom

Ras Nhache/Batroun
Bumiiioh www _aecenar/institutes/iap

Figure 3.4: Working Principle of Figure 3.5: Test of SIMP-LEX
SIMP-LEX|[60, 48] propellant feed svstem[60, 48]

Data Readout at 200MHz
From [Naveaz et. al. 2005): Figure 3. One of the I-MPD Test Facilities

similar project environment at IRS, Stuttgart (
IAP-SAT is the first Lebanese meteorological satellite. It shall be used to take meteorological data to
estimate the state of weather in Lebanon. In 2015 there was established a hardware-in-loop test rig for
IAP-SAT where the space environment was simulated. One of the next steps shall be the development of

an electrical propulsion unit based on pulsed plasma thruster (PPT) technology. In two PhD theses there
shall be investigated the PPT thruster and its interaction with Van Allen Belt magnetic field.

PhD Thesis: Measurement of interaction of IAP-SAT PPT with a laboratory Van Allen belt environment
Detailed description an working plan:

e Development of IAP-PPT unit
e Development of measurement environment
e Taking measurement data

Keywords: Electrical Space Propulsion Units, pulsed plasma thruster (PPT) technology, Van Allen Belt
magnetic field

Contact: Samir Mourad, Email: samir.mourad@aecenar.com, Mobile: +961 76341526

2.8 Correspondence with Istanbul University concerning trainee student

Letter of practicant acceptance 30 June 2015:
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W AECENAR
-

Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

T.C
istanbul Teknik Universitesi
Makine Fakiiltesi Dekanhgi

istanbul Teknik Universitesi Makine Miihendisligi Boliimii dgrencisi ibrahim Ghanem, numarali
030120916"in firmamizda (22.7.2015 — 22.8.2015) tarihleri arasinda, haftada 5 giin, staj yapmasi

uygun gorilmustar.

Bilgilerinize
Saygilarimizla
( 4
s (S (
Samir Mourad, Director
AECENAR Center Lebanon
Ras Nhache, Qubaisi Building, Main Road, District: Batroun — North Lebanon, Lebanon
G - el — gyl plal — ol aaise s sl S pe o llaiad
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3 General Basics concerning sattelite technology

3.1 Meteorology

Meteorology is the study of weather, climate, and forces that cause changes in our
environment. It uses math and physics to understand the atmosphere, which is consisted of
layers of gases and moisture surrounding the earth. Most weather takes place in the lowest
level of the atmosphere, known as the troposphere. Within meteorology there are a number
of specialty fields which include climatology, severe storms and tornadoes, tropical cyclones,

hydrology, and agriculture. [23]

Figure 3.1: Meteorological image

Meteorology has application in many diverse fields such as military, transport, agriculture,
construction and energy production. It offers a range of practical applications which make a

major contribution to human safety and the security of air and sea transport.

3.2 Satellite

3.2.1 Definition

A satellite is an object that goes, or orbits, around a larger object, such as a planet. While
there are natural satellites, like the moon, hundreds of man-made satellites also orbit around
the earth (Fig.3.2). [24]

Figure 3.2: Artificial satellite

3.3 Orbit

3.3.1 Laws of motion

A satellite's orbit is the curved path it follows around earth (Fig.3.3).

The basis for classical mechanics Laws of motion (Newton’s laws):
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1. Everybody continues in its state of rest or of uniform motion in a straight line

unless it is compelled to change that state by a force impressed upon it.

2. The rate of change of momentum is proportional to the impressed force and is in

the same direction as that force.
Momentum = mass x velocity, so Law (2) becomes F=d (mv)/dt = m dv/dt =ma for constant mass

3. For every action, there is an equal and opposite reaction. [5]

Forward Motion

*71\
Resuliant Path Full of

-1 *
araviy

(Orbil)

Figure 3.3: Third law of Newton

3.3.2 Laws of gravitation

The force of attraction between any two particles is

¢ Proportional to their masses

¢ Inversely proportional to the square of the distance between
them

ie. F=G* ml*mz/r2 (treating the masses as points)

Where G = gravitational constant = 6.673 x 10-11 Nm2 /kg?2

So, the followed laws explain how a satellite stays in orbit.
Law (1): A satellite would tend to go off in a straight line if no force were applied to it.

Law (2): An attractive force makes the satellite deviate from a straight line and orbit around

earth.
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The Laws of Gravitation:

This attractive force is the gravitational force between the earth and the satellite. Gravity
provides the inward pull that keeps the satellite in orbit. Assuming a circular orbit, the

gravitational force must equal the centripetal force.

m. vz/r = G.m.mE/r2

Where: v = tangential velocity

r = orbit radius = RE + h (i.e. not the altitude of the

orbit)
RE = radius of Earth
h = altitude of orbit = height above Earth’s surface
m = mass of satellite

mE = mass of Earth

v =~ (GmE/r), so v depends only on the altitude of the orbit (not on the satellite’s mass).

The period of the satellite’s orbit is T=2nr/v = 2nr/v =27 v ( r3/Gm E).

Again, this is only dependent on the altitude, increasing as the orbit’s altitude increases. [24]

Form of orbit:
Kepler’s Laws were based on observations of the motions of planets.

1) All planets travel in elliptical orbits with the Sun is at one focus (Fig. 3.4) —

defines the shape of orbits.

Figure 3.4: First law of Keppler (elliptical orbit)

2) The radius from the earth to the satellite sweeps out equal areas in equal time

—determines how orbital position varies in time
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3) The square of the period of a satellite’s revolution is proportional to the cube

of its semi major axis.

= 47> BOIGM: o (T1/T2)’=(r1/r2)°

The pull of gravity is stronger closer to the earth, so a satellite in a low orbit must travel faster

than one in a geostationary orbit (Fig. 3.5). [25]

Polar-Orbiting and Geostationary Satelines

Polar-Ovtating
SN Satedie
=

Gecalsbionary Ot ™

0

T ——— A —————————

Cecalatiosary
Salsiite

‘i-(l

EThe COMET Progeas | EUMETRAT ¢ MARA 1 NOAA

Figure 3.5: Third law of Keppler (satellite polar orbiting is faster than geostationary orbiting because of
radius)

3.4 Low earth orbit
The Low Earth Orbit (LEO) is used for the vast majority of satellites. As the names imply,
Low Earth Orbit is relatively low in altitude; the definition of LEO stating that the

altitude range is between 200 and 1200 km above the Earth's surface (Fig. 3.6).
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Low Earth Orbe
Miremum Atmosphent

Influence
Figure 3.6: Low earth orbit

3.4.1 LEO basics

LEO is still very close to the Earth, especially when compared to other forms of satellite
orbit including geostationary orbit. The low orbit altitude leads to a number of

characteristics:

e Orbit times are much less than for many other forms of orbit. The lower altitude
means higher velocities are required to balance the earth's gravitational field. Typical
velocities are very approximately around 8 km/s, with orbit times sometimes of the
order of 90 minutes.

» Radiation levels are lower than experienced at higher altitudes.

e Less energy is expended placing the satellites in LEO than higher orbits.

e Some speed reduction may be experienced as a result of friction from the low, as a

result of the increasing drag from the presence of gasses at low altitudes. [22]

3.5 Sun synchronous orbit

Sun-synchronous orbit (S5-O) is a special case of the polar orbit. Like a polar orbit, the

satellite travels from the north to the south poles as the earth turns below it (Fig. 3.7). [2]
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Figure 3.7: Sun synchronous orbit

A Sun-synchronous orbit is a geocentric orbit which combines altitude and inclination in
such a way that an object on that orbit will appear to orbit in the same position, from the

perspective of the Sun, during its orbit around the Earth (Fig. 3.8). [26]

Orbit plane -

Sun !Sun
angle line

The orbit plane rotates v The Earth moves

at ~1 degfday due to ' around the Sun
the Earth’s oblateness at ~1 degfday

Figure 3.8: Sun synchronous orbit (conservation of the angle between the sun and the orbit plane)

The uniformity of Sun angle is achieved by tuning the inclination to the altitude of the orbit.

The plane of the orbit is not fixed in space relative to the distant stars, but rotates slowly
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about the earth's axis. Typical sun-synchronous orbits are about 600-800 km in altitude, with

periods in the 90-100 minutes range, and inclinations of around 98. [26]

Rotates a1 the Mean
Rate of the Earth
Adbcut the Sun

The Oroit Plane /

Figure 3.9: Sun synchronous orbit

Only the solar panels can be redirected to optimize the electric power depending on the
position of the sun (Fig. 3.10).
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Figure 3.10: Sun synchronous orbit (only the solar panels can rotate)

3.6 Meteorological satellite

Meteorological satellite is an artificial satellite that gathers data concerning the earth's
atmosphere and surface in order to aid meteorologists in understanding weather patterns

and producing weather forecasts.

Satellite Meteorology refers to the study of earth's atmosphere and oceans using data
obtained from remote sensing devices flown on board satellites orbiting the earth. Satellite
makes measurements indirectly by sensing electromagnetic radiations coming from the

surfaces below.

These weather satellites are often placed in a sun-synchronous orbit. These satellites are in
polar orbits. The orbits are designed so that the satellite's orientation is fixed relative to the
sun throughout the year, allowing very accurate weather predictions to be made. Most

meteorological satellites orbit the earth 15 to 16 times per day. [1]

3.6.1 Components of meteorological satellite

A meteorological satellite comprises two parts: satellite bus and payload.


http://en.wikipedia.org/wiki/Minute
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3.6.1.1 Satellite bus (platform): power source, battery, control system, communication
system, thermal protection...

1. Power source

Figure 3.11: Solar panels of the satellite

It is the solar panels in satellite; just like many other machines, satellites also need electrical

power to function.

The sun is a very powerful, clean and convenient source of power, particularly for satellites.
The only thing needed is a means to convert the energy contained in the sun’s radiation —
mainly light and ultraviolet rays — into electrical power. The most efficient way to achieve
this today is by using panels composed of semiconductor photovoltaic cells. ‘Solar panels’, as

they are usually called. [1]

ii.  Battery

Figure 3.12: Battery of the satellite

Satellites orbiting the earth pass through a shadow region on the opposite side of the earth
from the sun. Depending on the type of orbit; this can happen just a few times a year or every
few hours. During these so-called ‘eclipses’, the solar panels cannot produce electrical energy
and the satellite would not only be unable to operate, but would also freeze to incredibly low
temperatures (eventually around -270°C) if a backup power source were not available.
Electrical energy therefore has to be stored on board the spacecraft when in sunlight for

consumption during these eclipses.

Batteries are used to store the energy, so that the satellite can continue to work when the Sun

is eclipsed. [1]

iii. =~ Control thermal system
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Space is not a friendly environment either. Satellites have to survive temperature variations
of more than 200°C — rather like someone standing in front of a fireplace with a blazing fire

while an air conditioner pumps freezing air onto his back. [1]

Satellites orbiting the earth are subjected to similar extreme temperature variations. The
delicate electronics on man-made satellites would not operate efficiently over this
temperature range, so it is necessary to insulate the satellite from the space environment.
Active thermal control systems such as resistive heaters, thermo-electric coolers, heat pipes...
are critical tools for managing the temperature in localized areas of the satellite. Heating
systems consume valuable electrical power. Cooling systems also consume power and
actually only concentrate thermal energy in a small volume that must still be passively

radiated into space. [21]
iv. Control system (sensors, actuators)

To position itself in space, a satellite has to maneuver using its own small propulsion (e.g
electrical or chemical propulsion). It also has to maintain its orientation, using thrusters and
gyroscopes, otherwise it will tumble along its orbit and its antenna will drift out of alignment

with the earth. [1]

a. Sensors
1) Gyroscope
Gyro Rate Sensors determine the attitude by measuring the rate of rotation of the satellite.
They are located internal to the satellite and work at all points in an orbit. Since they measure
a change instead of absolute attitude, gyroscopes must be used along with other attitude

hardware to obtain full measurements. At least three gyro sensors are used in a satellite. [30]

2) Accelerometer
An accelerometer is a device that measures proper acceleration. The proper acceleration
measured by an accelerometer is not necessarily the coordinate acceleration (rate of change of

velocity). [30]

b. Actuators

Satellite propulsion is characterized in general by its complete integration within the satellite.

Its function is to provide forces in the space to:

- position, adjust, and maintain orbits of satellite: used for orbit control
- orient the satellite: used for attitude control

The propulsion is a reaction Jets which produce a control force by the expenditure of mass;
These systems are based on jet propulsion devices that produce thrust by ejecting stored
matter, called the propellant. [25]

Satellite propulsion can be classified according to the source of energy utilized for the ejection

of propellant:
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1) Chemical propulsion (based on the principle of converting chemical energy into kinetic
energy of the exhaust gases) uses heat energy produced by a chemical reaction to
generate gases at high temperature and pressure in a combustion chamber. These hot
gases are accelerated through a nozzle and ejected from the system at a high exit

velocity to produce thrust force (Fig. 3.13).

Jet Propulsion

Propellant Motor chamber Nozzle

AN

==

ERER.
vwyw

Spacecraft movement Exhaust gas jet

Figure 3.13: Chemical propulsion

It uses two separate propellants, a liquid fuel and liquid oxidizer. These are contained in
separate tanks and are mixed only upon injection into the combustion chamber (Fig.
3.13). 4]

2) Electrical propulsion uses electric or electromagnetic energy to eject matter at high
velocity to produce thrust force. 4]

3) Hall Effect thrusters

Figure 3.14: Hall Effect propulsion

Hall Effect thrusters have been classed as both electrostatic and electromagnetic propulsion
systems. An electrostatic field accelerates the ions in the propellant stream but that field is, to
a large extent, produced by the actions of plasma electrons interacting with a magnetic field,

giving both classes a claim to the technique.
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In Hall Effect thrusters, also referred to as closed drift thrusters, a heavy gas, xenon in most
implementations to date, is ionized and accelerated by an electric field. An electron current
passing through and being impeded by a magnetic field establishes the acceleration field. The
processing electrons in this magnetic field follow a closed drift path, giving rise to one of the
names for this technique. The flow of the drifting electrons, which is perpendicular to both
the applied magnetic field and the current flow in the plasma, is due to the Hall Effect, the
source of the other name for this type of thruster (Fig. 3.14). [15]

v. Communication system

Outside the protection of the Earth’s atmosphere, the level of radiation (UV, X-rays, gamma-
rays and all sorts of energetic particles) is much higher and more destructive than on the
earth. Before they can even begin to operate in space, satellites have to survive the bone-
shaking launch. Then the solar panels have to be opened and antennas, which are often
stowed to take less space in the launcher, deployed before the satellite enters its operational
orbit.

Once in orbit, a satellite usually carries out multiple functions, with different payloads or
instruments. It then sends information to a ground station about the condition of its payload
and its systems, and it receives instructions back from the ground operators. All this has to
work well, with little possibility of recovery, not to mention repair. Apart from very special

cases, there is no way backing. [1]

3.6.1.2 Payload

The main mission is carried out by the primary payload instruments, the imager and the
sounder. The imager is a multichannel instrument that senses infrared and visible reflected
solar energy from the Earth's surface and atmosphere. The sounder provides data for vertical
atmospheric temperature and moisture profiles, surface and cloud top temperature, and

ozone distribution. [3]

The meteorological mission needs an imager (camera) as payload.

3.7 Example of a meteorological satellite

NOAA (National Oceanic and Atmospheric Administration) is a three-axis stabilized
American spacecraft (Fig. 3.15). It has launched into an 870-km circular, near-polar orbit with
an inclination angle of 98.73° to the Equator. The total orbital period will be approximately
102.14 minutes. The sunlight period will average about 72 minutes, and the Earth shadow
period will average about 30 minutes. Because the Earth rotates, the satellite observes a
different portion of the Earth’s surface during each orbit. The nominal orbit is planned to be
sun-synchronous, and rotates eastward about the Earth’s polar axis 0.986° per day. The
precession keeps the satellite in a constant position with reference to the sun for consistent

illumination throughout the year. [11]


http://en.wikipedia.org/wiki/Albedo
http://en.wikipedia.org/wiki/Albedo
http://en.wikipedia.org/wiki/Celestial_body%27s_atmosphere
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Figure 3.15: NOAA satellite

3.8 Example: DubaiSat-1 orbit specifications

The frame consists of spacecraft (S/C) adaptors, six
longerens, rails, inner ring, inner rods and three decks. Six
longerons are connected to six rails at the bottom, middle,
and top deck. The inner ring provides structure stiffness and
stability for DMAC payload. Three S/C adaptors are
connected to the shear brackets and mechanically couple the
satellite and separation adaptor of the launch vehicle (LV);
Dnepr Rocket. Each one of the S/C adaptors has two S/C-
based separation sensors and omne LV-based separation
sensor to monitor separation condition between the satellite
and the launch wehicle. The umbilical connector is attached
on the lower surface of the bottom deck with its mounting
support bracket. The key system feafures of DubaiSat-1 are
introduced mn Table 1.

Table 1: DubaiSat-1 key system features.

Parameters Features

Orbit Sun-Synchronous Low Earth Orbit
Nominal Alfitude 680 km

Inchnation 08.13 deg

Mass ~ 200 kg (Bus: 130kg)
Dimension @ 1.200 % 1.200 (mm) - Hexagonal
Attimde Accuracy 0.2% (Full 3-axis stabihzed)

Figure 2: DMAC Mechanical Structure.

The main characteristics of the DMAC are shown in the
following table (Table 2).

Table 2: DMAC main system features.

Parameters Features

Pan; £20-720 nm (the Pan and WS
data are co-registered)

MS1: 420-510 nm (Bhue)

MS52: 510-580 nm (Green)

MS3: 600-720 nm (Red)

NS4 760-890 nm (Mear Infrarad)

Spectral Bands

Spatial Resolution 2.3m (Pan), 3m (M3)

Swath Width 20 km

FOR. (Field Of Regard) 720 km (thes provides an event

menitoring capability)

Detector Charged Coupled Device (CCD)

Cruantization 2-bits

Instrument mass, power, and size | 32 kg, = 60 W (max), @ 420 mm x
610 mm
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3.9 Ground Tracking
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3.10 Electrostatic Plasma Thrusters

The purpose of this research was finding the best Plasma Thruster for the satellite project in

order to mechanically model a prototype of it.

Electrostatic thrusters are a branch of Plasma Thrusters that uses high voltage electric fields
to accelerate ions out of the propulsion providing thrust. The core principle of this
technology lies in first ionizing the propellant then accelerating it out using an electric field.
Many different propulsion systems under this domain were analyzed and each one’s

adequacy to our project was checked.

¢ Jon Bombardment

magnets

electron
gun

negative grid
© electron positive grid
O neutral propellant atom

@ positive ion
In these types of thrusters Xenon fuel is ionized in a discharge chamber by bombarding it
with electrons using an electron gun. The formed plasma (positively charged gas) diffuses
into a high-voltage electric field formed between 2 charged gridded plates where it is
accelerated to high speeds out of the exhaust. In order to prevent the spacecraft from
acquiring a negative net charge (which will block the system), electrons are injected into the

exiting plasma in order to neutralize it. [1]
The following types of electrostatic thrusters were also analyzed in detail:

¢ Colloid ion

¢ Contact ion

e Field Emission (FEEP)

* Microwave or Radiofrequency ion
¢ Plasma separator ion

¢ Radioisotopic ion

¢ Hall Effect

[1] http://www.daviddarling.info/encyclopedia/E/electronbomthruster.html

3.11 Electromagnetic propulsion systems

Electromagnetic propulsion technology generally consists of 2 steps:
1. Production of plasma in an ionization chamber
2. Accelerating the plasma to the exhaust velocity by electromagnetic forces
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Electromagnetic thrusters have higher efficiencies over their electrostatic counterparts. This
is due to the fact that plasma in these thrusters can be brought up to very high temperatures
and densities resulting in the ability to confine and direct this plasma. As a result, higher

exhaust velocities and more economic propellant usage are achieved.

Electromagnetic technology embodies several propulsion systems each using different
techniques and processes. All of these systems were carefully studied and analyzed in order

to choose the best system that mechanically fulfills the IAP-satellite project’s requirements.

* Magnetoplasmadynamic

This type of thruster consists of a cathode rod centered in the middle and a cylindrical anode
that surrounds the cathode. The high-voltage electric field between the anode and the
cathode ionizes the fuel injected into the system. The positively charged ions complete the
circuit and the resulting current flow induces a magnetic field. The interaction between both
magnetic and electric fields produces a Lorentz force that acts on the plasma and accelerate it
to high speeds.[1]

Other systems were also analyzed:

* Pulsed plasma

* Helicon plasma

* Inductive pulsed plasma

» Electron-cyclotron-resonance

* Variable specific-impulse plasma

[1] http://www.daviddarling.info/encyclopedia/M/MPDthruster.html
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4 Elements Satellite Bus

4.1 Satellite Bus Design Tasks Overview
The architecture of a satellite mission
Design of a satellite mission
Design and planning of a satellite
Design of the energy supply system
Design of the attitude control system
Design of the propulsion system
Performance Evaluation of Propulsion Systems
Description of the Analysis Tool
Design of the telemetry system (radio link)
Design of the on-board data processing system
Design of the thermal control system
Design of the structure and mechanisms

Reliability and product assurance

4.1.1 Example: 10 ccm Student Nanosatellite OUFTI-1 of University of Liége

(OUFTI-1 is designed for communications in D-STAR, an amateur-radio communication

protocol)

120 % COM
F 3

15 4 EPS?
F 3

25 EPS1
3

15 4 ODBC? + BCN
F 3

15 4 OBC1

4.2 Design of the energy supply system

based on: Pierre THIRION, Design and Implementation of On-board Electrical Power
Supply of Student Nanosatellite OUFTI-1 of University of Liege (Master Thesis)
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The commercialized model, the “3G -
28%"” , has an efficiency of 28% at Begin
Of Life (BOL), the dimensions of the
solar cells are 80mm x 40mm with

Open Circuit Voltage Voo fml 2,716
Short Cirenit Current Jeofmed /om”| 17.5
Voltage at max. Power Vg [ml'] 2,427
Current st maz. Power Jomaefmd fem?| | 17.0
Mazimum Power Fna|my/cm? 11
Average Efficiency mgee |0 30.1

surface of 30.18cm?2.

Block
diagram
EPS.

cropped corners, for a total

Azurspacs provided a document with electrical data for the 30% colls (table 3.1). The short

circuit current is thus 52815 mA for one cell, and the current at max. power is 513.06mA.

Tabls 3.1: Electrical charsctoristics of Azurspace 30 - 30% solar cells at 28°C and for the
AMD spectrum [23).
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Electrical Design of EPS

Converter
= d. Wout
[ " -
L s1l.
TESEI08T = |
Wi (5] "
: .|n o
| R
82

Figure 5.6: Simplified schematics of the 7.2V converter.
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Figure 5.42: Propositions for the antennas deployment system.

Matlab code for the I-V curves of solar panels

The first function gives the current in one solar cell as a function of the voltage (in V), the

insolation G (with Gnom = 1350W/m2 as unity), and the temperature (in C).

function | = Cell_GaAs(V,G,TaC)

%Code produced by the team from the CubeSat SwissCube

%and modified by Philippe Ledent (OUFTI-1) (september 2008)

% Pierre Thirion (OUFTI-1) (april 2009)

%

%Model of 30% efficiency solar cell from Azurspace : I=f(V,T)

%Use of function : | = Cell_GaAs(V,G,TaC)

%V = Voltage on cell terminals [V]

%G = relative insolation [-] (G=1 => 1367 W/m"2)

%TaC = temperature of the cell in operation [Celsius]

%Boltzman constant
k =1.38e-23;
%Electric charge

q = 1.60e-19;
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Figure C.2: Prototype of the protection circuit.

Figure C.1: Prototype of the shunt regulator.
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Figure C.3: Engineering model of the EPS card.

4.3 Mission Simulation
From [Inalhan 2009]:
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5 Candidate Software Tools

5.1 Tools

5.1.1 FreeCAD
Computer-aided design (CAD) (Fig. 3.16) is the use of computer systems to assist in the

creation, modification, analysis, or optimization of a design. CAD software is used to increase
the productivity of the designer, improve the quality of design, improve communications
through documentation, and to create a database for manufacturing. CAD output is often in

the form of electronic files for print, machining, or other manufacturing operations. [9]

@Feecn, » — =T s |
.
-
[
Combo View
Model | Tasks |
1
Labels & Attributes |
Application |
|
Property Val
Recent Files
B dubai sat third panel.FCStd
B dubai sat second panel.FCStd
R dubai sat first panel.FCStd
Latest news
Downloading latest news.
view /\_Data @ Sstartpage
Dimension

Figure 5.1: Window of FreeCAD

5.1.2 Scilab/Scicos

The software used in this project is scilab/Scicos (ubuntu version).

Scilab is a free open-source software package for scientific computation. It includes
hundreds of general purpose and specialized functions for numerical computation,
organized inlibraries called toolboxes that cover such areas as simulation, optimization,

systems and control, and signal processing. One important Scilab toolbox is Scicos.

Scilab is one of the major open-source alternatives to MATLAB. It is similar enough to

MATLAB, and Scicos is the open source equivalent to Simulink from the MathWorks. [16]

Scicos is a scilab toolbox for modeling and simulating dynamical systems. It is particularly
useful for modeling systems where continuous-time and discrete time components are

disconnected.

The graphic editor of the toolbox Scicos allows the user to describe his dynamic system in a
completely modular way. One of the basic module from which scicos diagram is constructed
is the block. A block in Scicos defines an operation that can evolve continuously or discretely
in time. By interconnecting blocks with links, the user can construct his algorithm. A large
number of mostly used blocks are saved in palettes, these blocks provide elementary

operations needed to construct models diagram. [29]


http://en.wikipedia.org/wiki/Computer
http://en.wikipedia.org/wiki/Design
http://en.wikipedia.org/wiki/List_of_file_formats#Computer-aided
http://en.wikipedia.org/wiki/MATLAB
http://en.wikipedia.org/wiki/Simulink
http://en.wikipedia.org/wiki/The_MathWorks

Candidate Software Tools

5.1

.2.1 Scicos

From www.scicos.org :

Scicos: Block diagram modeler/simulator

L. :

e 1 =

From model
to simulation |

to machine

Scicos is a graphical dynamical system modeler and simulator developed in the Metalau

project at INRIA, Paris-Rocquencourt center. With Scicos, user can create block diagrams to

model and simulate the dynamics of hybrid dynamical systems and compile models into

executable code. Scicos is used for signal processing, systems control, queuing systems, and

to study physical and biological systems. New extensions allow generation of component

based modeling of electrical and hydraulic circuits using the Modelica language.

With Scicos you can:

Graphically model, compile, and simulate dynamical systems
Combine continuous and discrete-time behaviors in the same model
Select model elements from Palettes of standard blocks

Program new blocks in C, Fortran, or Scilab Language

Run simulations in batch mode from Scilab environment

Generate C code from Scicos model using a Code Generator

Run simulations in real time with and real devices using Scicos-HIL

Generate hard real-time control executables with Scicos-RTAI and Scicos-FLEX

Use implicit blocks developed in the Modelica language.

Discover new Scicos capability using additional toolboxes.

5.2 Possible Development Environment for Communication and Control

Communication and Control shall be developed under Matlab/Simulink or Octave or

Scilab/Scicos. Then there must be generated autocode, which has to be put on a suitable HW.
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5.3 NearSpacecraft Simulator Development

ASTOS

ASTOS S-function
Dynamics

B

Environment
Real World Output Vector VESTA
States of
Vehilces
Onboard Env. Forces 3D
Actuators Computer Sensors & Morvenis Aniriatad
Scenario
Visual Sensor
Input
A
Antenna
\4
Ground Simulation
Station Station

The tool SRSIM is a multi-purpose spacecraft simulation test bench, employed primarily to

validate Guidance, Navigation and Control System designs for the various near space
missions the IFR (University of Stuttgart) is involved in. The Matlab/Simulink based SRSIM

is a six degree of freedom space dynamics simulator including advanced modeling of the

space environment through the ASTOS software package. This allows to precisely include

effects such as solar radiation pressure, atmospheric drag and magnetic field interactions. In

addition, it includes an advance visualization environment called VESTA, that is also

responsible for the calculations of any surface-related disturbances and provides input to

optical sensors such as Navigation Cameras and Star Trackers.
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6 Example Satellite Systems

6.1 Flying Laptop Example, Stuttgart University, Germany

CAD model of satellite: Flying Laptop, Stuttgart University, Germany

Star Tracker

Data Downlink
System

Fibre Optical Gyro
Magnetometer Assembly

Power Control and
Battery  Distribution Unit

MICS bis -
Reaction Wheel Sun Sensor
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Transceiver Magnetic

OBC Torquer
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6.1.1 Star tracker system?

The star tracker system is employed in FLP to obtain the _ne attitude knowledge. The
selected sensor is the micro-Advanced Stellar Compass (_ASC) developed by the Technical
University of Denmark (DTU). The _ASC is the latest generation of the Advanced Stellar
Compass (ASC) which was used in not less than 15 di_erent projects carried out by NASA,
ESA, CNES, DLR and other leading space agencies. The _ASC is light in weight is more

suitable for the small and micro-satellites.

The Star Tracker System of Flying Laptop consists of two camera head units (CHU), one
micro-data Processing Unit (_DPU), and two ba_es as shown in the Figure 3.18. Two CHUs
are included in this design to avoid the Star Tracker blinding and to allow a single failure in
this system. The _DPU could drive up to 4 CHUs and its electronics is fully redundant. The
_DPU uses 486 microprocessor to process the optical data acquired by CHU. It is equipped
with 64 kB PROM, 8 MB _ash and 8 MB RAM. During normal operation, the _DPU creates a
digital image of the acquired analogue data received from the CHUs every 0.5 s and stores it
in the internal RAM. In further computing, the lens distortion is compensated and the image
is adjusted for adequately bright objects. The amount of bright objects that are found in an

image can be influenced by varying a software

6.2 Gokturk project®
Goktiirk — Project of Reconnaissance and Surveillance Satellite System

Developments in Space Technologies and TAF Satellite Need, as well as the developments
experienced with regard to space since 1970s grew in 1990s and led to the emergence of new
trends; visual satellites, in particular, became a part of our lives. Extension of usage area of

visual satellites, and rise of the benefits gained thanks to innovations in technology have

2 From [Yassir 2010]

* last update: 2011, taken from homepage of Turkish Airforces
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made the necessity of such systems in terms of military indisputable. Within this framework,
TURAF initiated studies towards having satellite systems, so that TAF can take its part
within this historical evolution process. In order to determine the technical specifications of
the electro optical reconnaissance and surveillance satellite foreseen to be acquired in the first
phase, satellite image requirements of TAF have been examined and the Air Force Command

triggered the Project of Reconnaissance and Surveillance System, in the wake of the

evaluations carried out.

Project Description

Within the scope of the Reconnaissance and
Surveillance Satellite System named as GOKTURK; a
satellite which will be deployed on the low earth orbit
(650-700 km) and which carries a very high-resolution

Electro optical (E-O) camera and a fixed and mobile
satellite earth station to form the earth section of the system will be obtained, with a view to
satisfy the satellite image need of TAF for target intelligence, without any territorial water
and air space restrictions and in daytime and under favorable weather conditions. In
addition thereto, a Satellite Assembly Integration and Test (SAIT) center will be established
within the scope of the project.

Technical specifications of Goktiirk Project:

1. Electro optical camera system on the satellite will be able to take 4-band color and black-
white images.

2. In order to make the best of sunlight, the satellite will be deployed on the low orbit (at
650-700 km altitude) compatible with the circular sun.

3. It will have imaging capabilities in spot, stereo, stripe and wide-area modes.

4. Communication can be established with the satellite, by means of the earth station based
in Ankara, and the images taken by the satellite when it is out of the communication cone
will be stored to be transferred to the earth station afterwards.

5. In line with the orbit properties, images will be acquired across the world via satellite. On
the orbit, a cycle of the satellite is approximately 98 minutes and it will complete 14 cycles
per day around the world.

Earth Station

The following functions are intended to be created in the earth station to be built within the

scope of the project;

6. Satellite command control,
7. Satellite tasking and image downloading,
8. Image processing,

9. Planning image requests, archive management and image distribution.
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It is further intended that the Satellite Earth Station will have an expansion potential to
support operation of the satellites that will take part in the future within the reconnaissance

and surveillance satellite system architecture.

Usage Concept

Reconnaissance and Surveillance Satellite System will be used in line with the needs of TAF;
in peace, crisis and war. In addition, meeting possible satellite image demands of Public
Institutions and fulfilling possible image requests of friendly and allied countries within the

scope of peacekeeping operation and/or antiterrorism are further projected.

Activity Calendar

The agreement concerning the project, procurement activities of which were initiated within
the Undersecretariat for Defense Industries (UDI) in 2005, was executed on 16 July 2009. The
satellite is envisaged to be placed into the orbit in 2013. With the reconnaissance and
surveillance satellite system added in the inventory, the reconnaissance architecture will
have gained substantial system ability and in the future, efficient imagery intelligence
production ability will be obtained by using satellite images together with reconnaissance

aircraft and unmanned aerial vehicles.

6.3 DubaiSat-1

The frame consists of spacecraft (5/C) adaptors. six
longerens, rails, inner ring, inner rods and three decks. Six
longerens are connected to six rails at the bottom. muddle,
and top deck. The inner ring provides structure stiffness and
stability for DMAC payload. Three 5/C adaptors are
connected fo the shear brackets and mechanically couple the
satellite and separation adaptor of the launch vehicle (LV):
Dnepr Rocket. Each one of the 5/C adaptors has two S/C-
based separation sensors and one LV-based separafion

following table (Table 2.

Table 2: DMAC main system features.

Figure 2: DMAC Mechanical Structure.

The main characteristics of the DMAC are shown in the

sensor to monitor separation condition between the satellite

Parameters Features

and the launch vehicle. The umbilical connector 15 attached

6.4

on the lower surface of the bottom deck with its mounting
support bracket. The key system features of DubaiSat-1 are
introduced in Table 1.

Table 1: DubaiSat-1 key system features.

Low Orbit Satellites at very low altitude

Pan: £20-720 nm (the Pan and K5
data are co-registered)

M51: 420-510 nm (Bine)

MS2: 510-580 nm (Green)

MS3: 600-720 nm (Red)

M54 760-890 nm (Near Infrared)

Spectral Bands

Spatial Fesolution 2.5m (Pan). 5m (MS)

Parameters Features Swath Width 20 km

Orbit Sun-Synchronens Low Earth Orbit FOR (Field Of Regard) 720 km (this provides an event
Nominal Altide 680 km monitonng capability)

Inchnation 08.13 deg Dletector Charged Coupled Device (CCD)
Mazs ~ 200 kg (Bus: 130 kg) Cuanfization 8-bats

Dimension @ 1.200 % 1,200 (mm) - Hexazonal Instrument mass, power, and size 32 kg, = 60 W (max), @ 420 mm x
Attrude Accuracy 0.2 (Full 3-axiz stahihzed) 610 mm

https://www.quora.com/Which-satellite-occupies-the-lowest-earth-orbit-and-at-what-
altitude?redirected_qid=1431376:

The lowest that I know of was KH7-16, with a perigee of 92 km and an apogee of 155 km, for

a semi-major axis of 123 km.

https://www.n2yo.com/satellite/?s=41475:
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CADRE (41475U), CADRE is classified as Amateur radio

NORAD ID: 41475 @

Int'l Code: 1998-067HV @

Perigee: 270.7 km @

Apogee: 279.2 km @

Inclination: 51.6 ° @

Period: 89.9 minutes @

Semi major axis: 6645 km @

RCS: Unknown @

Launch date: November 20, 1998
Source: United States (US)

Launch site: TYURATAM MISSILE AND SPACE COMPLEX (TTMTR)
Uplink (MHz):

Downlink (MHz): 437.485/3404.000
Beacon (MHz):

Mode: 9600bps GMSK 1Mbit OQPSK
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7  System Concept

Many is taken from [Laufer 2009].

7.1 Overview

i 'W|:—‘ S/ Payioad moduie

7.1.1 Satellite Bus

The bus necessary for such a satellite consists of the following subsystems:
propulsicn gystem, power supply system, structures and mechanizms, thermal
control, communication, command and data handling, attitude determination
and comtrol.

7.1.2 Electrical Propulsion System

SIMP-LEX is @ low mass, robust and easy-to-integrated system consisting of
a cluster of four pulsad MPD chrosters wsing solid propellant (FTFE, Polyta-
trafuorathylene, ak.aa, Tefon), A pulsed plasma thruster consistzs of four main
parts in general: a capacitor bank, two electrodes, the propellant and a sparck
plug (see Agure 3.4]. After the capacitors are charged, the spark plug is igpered
forming a short-time arc discharge. This discharge ionizes the sclid propellant
along its surface closing the main eircuit theough a plasma sheet formed by the
ablated and jomized propellant. The ciccuit yields a current loop resulting in
an induced magpetic flald. The magnetic Aeld componsnt perpendicular to the
plasma current leads to & Lorentz force and accalerates the plasma ereating an
impulze, The MPD chrusters provide:s an average thrust of appooc. 1.5 miY each
with a speciflc impulse of 1950 5 pulsed at 0.5 Hz apd consuming aroand 120 W
per engine. Using o pulsed plasma thruster system a5 the main engine durting
the eruise phase demands lifatime testzs and investigations especially of the =olid
propellant fesd system (see Agure 3.5) since an expected operational lifetime of
up to 20,000 hours i= required. For this case, the system is designed o feed the
propellant from the side wsing a helical shape with up to two loops on each side
for the LUNAR MISSTON BWI |G0).
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Figure 3.4: Working Principle of Figure 3.5: Test of SIMP-LEX
SIMP-LEX]|60, 48] propellant feed system[60, 48]

From [Nawaz et. al. 2005]:

L. Introduction

T the [Institr fiir  Raumfahrisvsreme in Stuttgart, Germany, an instationary pulsed
magnetoplasmadynamic  thruster (I-MPD, also referred to as pulsed plasma thruster, PPT) is being built.

This project was initiated when the Small Sarellite Program was started at IRS in 2002, This program includes
the launch of four satellites, developed at this institute. One of the satellites, BW 1, is an all electrical satellite
bound to the moon " Two types of electric thrusters will provide the Av necessary. One of them is a thermal
arcjet with a thrust level of around 100 mN 12I: the other is the I-MPD thruster SIMP-LEX {Stuttgart Instationary
Magnetoplasmadynamic Thruster for Lunar Exploration). The first will be used for phases that require higher

18
i
T wLESe
capacitor spring ignitar @ £ BMS
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Figure 1. Working Principle of an I.MPD Figure 2.  Overview of Exhaust Velocity over Bank

Energy for Various [-MPDs 454
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thrust levels, such as the ascent phase immediately after separation from launcher, elevating the orbit above the
Van Allen belt. A cluster of I-MPDs serve as cruise propulsion system. The [-MPD was chosen as cruise
thruster because of its simple design, its reliability as well as its capability to easily adjust to different power
levels due to its pulsed energy release without loss of performance. On small satellites, power is usually one of
the tightest constraints. Although SIMP-LEX is the first [-MPD thruster in Stuttgart, the development of such a
thruster at [RS can draw from over 30 vears of expertise in the field of electric propulsion.

In principle, a parallel plate [-MPD consists of two parallel electrode plates between which a solid propellant
block (Polytetrafluorethylen, PTFE) is placed, see Fig.l. The capacitor is charged externally and discharges
across the surface of the PTFE, forming PTFE-plasma, once the igniter is fired. An electrical circuit with current
Ipm and s own magnetic field B is formed. Consequently, the plasma is accelerated outwards along the
electrodes according to the Lorentz law resulting in an impulse bit on the thruster in the opposite direction.

Figure 2 shows an overview of several I-MPD thrusters. Filled icons indicate the mission was already
launched. SIMP-LEX will have a bank energy of around 80 J and its expected exhaust velocity is 12 000 m/s.
In order to serve as a cruise propulsion system the cluster of I-MPDs will have to provide a total average thrust
of 6 mN.

A. Test Facility Setup Vacuum Chamber

In its final stage, the test facility for the I-MPD will be
comprised of three vacuum chambers: one in which the thrust
is measured, one for conducting life expectancy tests, and one
for optimizing components and geometry of the thruster.
Currently, the first two have been setup, where the facility in
which the thrust is measured also serves for geometry and
current investigations. It is shown in Fig. 3. The pressure in the
vacuum chambers reaches about 107 mbar prior to firing the
thruster.

The electronics providing the voltage to the capacitor as
well as the voltage peak to the spark plug was developed by
ASP GmbH in Friedrichshafen. Its bread board stage allows for ~Data Readout at 200MHz
differant voltage settings for charging the capacitor as well as  Figure 3. One of the I-MPD Test Facilities
various pulse frequencies in the automatic firing mode.

B. Thruster Setup

The current setup of the I-MPD thruster is shown in the pictures in Fig. 4. It shows its parallel plate
geometry, as well as its highly modular setup. This setup allows for easy changes of components and geometry
which are currently being optimized. Fig. 4 a) shows the configuration of the capacitor, the copper electrodes
and the igniter. The distance h between the electrodes in Fig. 4 b) can be changed incrementally by using a
different set of holes in the red half shell for mounting the electrode plates, as seen in the left picture. The width
d of the electrodes as well as their length can be varied freely. The current values for the thruster can be seen in

Capacitor

Pearson™
Current Monitor

Electrodes

Figure 4a. Current Setup of SIMP-LEX Figure 4b. Close-Up Front View of SIMP-LEX
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Table 1. However, they are still subject to optimization. L is the
distance the plasma covers from the propellant surface to the end
of the electrodes. First tests at a pulse frequency of 1.2 Hz
showed that it is necessary to insulate the PE (Polyethylen) half
shells (red) thermally from the plasma and the copper electrodes.
This was realized by placing PEEK spaceholders between the
electrodes and the half shell and by moving the half shell
backwards, away from the plasma.

C. Measurement of Plasma Current and Mass Bit Ablated

Capacity 1 x 40uF

Maximum Voltage 2200V

h 20 mm

d 40 mm

L 47 mm

Table 1. Current I-MPD Design Parameters

Figure 4 also shows the Pearson™ current monitor, placed between the electrodes and the capacitor. It
serves as a Rogowski coil and outputs a voltage proportional to the current through the coil.
The mass bit is measured by comparing the weight of the propellant bar before and after at least 150 pulses.

The balance used has a precision of 10 pg.

From [Bohrk et. al. 2007]:
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7.1.3 Power Supply System

The Li-ion advantage

Today's satellite makers are looking for technologies that reduce the overall size of the satellite because of
the costs of manufacturing and launching the satellite. A lighter, smaller battery allows more mass/ivolume
on the satellite for more transponders (communication satellites), heavier science components (MASA
missions) or lower launch costs. Although Mi-Hs significantly reduces satellite weight compared to NiCd,
lithium-ion (Li-ion} technology reduces weight even more due to its higher specific energy.

Lower thermal dissipation is another source of weight reduction for Li-ion. Combined with higher energy and
better charge efficiency, this lets the satellite maker reduce the size of the satellites’ solar panels.

Fig. 2 Baft balteries used in salellifes

Li-ion has numerous other advantages over NiCd and Mi-Hs, including low self-discharge, wide operating
temperature, and superior charging efficiency. Li-ion batteries retain about 96% to 98% of their charge even
after a month of storage and need no recharging when they are about to be launched, as is the case with Mi-
Hs. Li-ion batteries can operate from 0° to 40°C, and they are easily recharged, further simplifying operation
and maintenance. m

For more on batteries, visit http:/fwww?2_electronicproducts. com/Power_aspx

Base: 10 ccm Student Nanosatellite OUFTI-1 of University of Liege
(OUFTI-1 is designed for communications in D-STAR, an amateur-radio
communication protocol)

DESIGN TOF LEVEL -
TRy R0 —
S \- [
Q SHUNT FEQULATOR — DCOCAZ v
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A E
R s
A
—l oomedn [T T
F
A B
N u
f TEEVETRY — XrCx: — s
) 1
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[ vescreor—| ¢ | omcur [

Figure C.3: Engineering model of the EPS card
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fis 100Q

Figure C.2: Prototype of the protection circuit

Figure C.1: Prototype of the shunt regulator.

Rechargeable Lithium-ion Batteries

Q LO1 5 KA SPECIFICATIONS

ELECTRICAL CHARACTERISTICS

Nominal Capacity 15 Ah
Nominal Voltage 36V
Maximum Recommended

Continuous Discharge Current 1C

Operating Discharge Temperature  15°Cto 35°C

PHYSICAL CHARACTERISTICS

Height 88.3 mm
Width 54.5 mm
Thickness 38.0 mm
Weight 38049
FPERFORMANCE Volume 182 cc
« Lithium ion rechargeable cell Gravimetric Energy Density 142 Whikg
« Battery design for long cycle life | N
(>100,000 cycles) Volumetric Energy Density 296 Wh/L
CHEMISTRY CELL LEVEL VOLTAGE CURVES
+ LNCAD AT DIFFERENT DISCHARGE RATES
o Chargie 754 74,19 untl L7543t room temp.
MAIN APPLICATIONS 15 ecRirge vatius it to 73t R ap.
« Military s
« Aerospace =
P .
u
KEY FEATURES e
- Domestic production S

« Long LEO and GEOQ cycle life
« High reliability
« Zero-Volt™

0% 10% 0% 0% 40% S0% E0% TO%  50%  S0% 00% 110%

Discharge Capacity %

QL1820

PERFORMANCE

« Lithium ion rechargeable cell

« Battery design for long cycle life
(>20,000 cycles)

CHEMISTRY
«LNCAO

MAIN APPLICATIONS
« Military
« Aerospace

KEY FEATURES

« Domestic production

+ Long LEO and GEO cycle life
« High reliability

« Zero-Volt™

www.quallion.com

Quallion LLC | 12744 San Fernando Road | Sylmar, CA 91342 | 818.833.2000
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7.1.4 Structures and Mechanisms

Initial investigations were performed in preparacion for a full scale mock-up and
to check the feasibility of the accomodation of all subsystems|§6]. Early trade-of
evaluations led to structural options to accommodate and position subsystems
and components25]. Further studies refined the selected structural options in
preparation for the spacecraft prototype (see fAigures 3.7 and 3.8)[52)%

Figure 3.9: FEM analysis, longi- Figure 310: FEM anslysis, lat-

tudinal eigenfrequency(52] aral dpenfrequency[52]

. . . . - Analysis of different materials were performed to reduce the structural mass,
Figure 3.7 Structure option — Figure 3.8 Strocture option — Initisl aptions using carben fbre fokd core sandwich material was replaced by hon-
View on propukion module52]  View on star trackers and other . N

subsystems[52] eycomb sandwich structures doe to less complex production and usage as well a8

availability{ 26, 52). Further studies must still be performed in order to determine
the flnal structural design of the satellite bus incorporating all mechanisms and
solar panel structure.

7.1.5 Thermal Control System
5. Means

y RADIATION CONDUCTION
o ¢’ - structural material
4 -
cdoT doubler, filler Adhesive
- washer, strap, bolt, tyrap,
stand-off
LATENT HEAT-ABLATION - foam
- TPS
- PCM
__PASSIVE —— 7  —— 7 — — —— —————————————— PASSIVE
ACTIVE ' ACTIVE
(HEATERS D FLOOPS
- thermostat control - fixed/variable conductance
- electronic control - loop heat pipe
- ground control - monoihasic/diphasic fluid
. COOLERS
ENERGY - mechanical ENERGY
CONTRIBUTION - electrical TRANSFER
| esa-"—'“::"'"”"-:“E::H SMEQ4, 25jun04, Philippe. Poinas Sesa int 81 of 66 Rp[mllzﬁglu%ﬁsim
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5. Means

* Passive Systems Pros/Cons
- no mechanical moving parts or moving fluids, no power consumption
* simple to design/implement/test
* low mass and cost
* highly reliable
- BUT low heat fransport capability
+ except heat pipes

* Active Systems Pros/Cons

- mechanical moving parts or moving fluids or electrical power required
+ complex design
* generate constraints on S5/C design and test configurations
* high mass and cost
* less reliable than PTC means

5. Means - ATC - Heat Pipes

------ bi-tube

eésa ESTEC

SSHESFUnnESas=a SMEQ4, 25jun04, Philippe.Poinas@esa.int 66 of 66 Thermal & Structure Division
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5. Means - PTC - Radiation, Radiators

INTEGRAL STM

K7 £ zz i .

7.1.6 Flight Control System (FCS) on board of satellite - Attitude control system (ACS)
All possible elements of [Mourad et. al. 2006] shall be used.
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7.1.6.1 Gear

From:Robert H. Berning III and Olivier Viout, Development of the Upgraded DC Brush
Gearmotor FOR SPACEBUS PLATFORMS

Figerc 2—Upgresicd Erwl goarmotor (UBGM].

the existing motor design revedled inefficient processes, high
bnash drag and e of discontinued bnash matedal.

The brush aszembly consists af a c::hn-nﬂ:mpo-oi.te brush,
shunt wire, cap and spring, Eight differenc brush materi-
als wers considersd and four were selected for testing, AlL
binashes wers teseed for motor Pnrﬁmm-ce, resistancs, drag,
tprlng fionce, brush wear, commutator wear, smearing, debris
and mamufacturing yield. Brush materal options 2 and 3
were diminated dus o Jow motor torque Bawh material
option 1 was sdeded due o poor performance of opticn 4
in a vaomm. Table 2 fists development bnsh performance.
The sdected brush maeerial is softer than the existing bnsh
material, reslting in higher motor torgae, lower brush drag
and less commtator wear.

The motor crade study considersd all assembhes and
muchined parts. The producibility of the existing moter is
poor, due to the nesd for frequent rework resulting in high
p.ro-dl.l.n:ﬁ.n:-n cote, Stack fabrication, coating and atmchment
methodology wers upgraded to ourrent Moog procedures.
All uncontrollable and unnecesary processes wers replaced
or eliminated. For instance, existing BGM commurtatorn: aps
muchined after final armanare assembly, purting the com-
pleted armarure 1t risk. UBGM commutator processing was
moved to the piece part level to Lower the dsk o hardwars.
The soldering process was updated o che carrent standard.
Table 3 shows increased motor rorque with new bnash mate-

rials, design and manuficrurng changes.

The ovemll development of the upgraded brush. gearmo-
torwis sucosssfil. All issnes discoversd during the Six-Sigms
proaess wen wpddressed. Afoer d.embpn:um: was mmple‘hbd. a
qalification unit (Fig. 2} was fabricated to spedfication, using
preduction processes and tocling, The unit was subjected o
q:.lli.ﬁca'ﬁ.nn testing that included vibration, thermabvacunm
expoaure and life peses. The qualificarion unit successfully
passed all qualification and Iife tsis with no findings.

Lessons Learmed

While the upgraded brush motor development and quaki-
fication were snocessful, the methodology In some rews needs
improvement. The following documnents the major lessons
learned during development and qualification:

Underntand devived regmiressentr. A fimn understanding
of the requirements {actual and derived) is nesded prior to
dumbpu:-:nt Ar the ons=st of the dcvgbyn:m:rt precess, the
gevhead bushings wers identifisd as 1 cause of BGM perfor-
rnznoe problems. A towal redesign of the gearhead was started,
with heritage design prctices, processes and software utilized
in the new gearhead. Gear design pamrneters wers optimized
to allow for greater allowable tolerances and used com parible
materisl combinations o reduce galling and thermal expan-
sion issues. Orptimization of the gearhead for producibiliy
advemsely affected petﬁo.rmznct. oy,

Since the BGM motor torque outpur is relatively low, it

eoasinusd

Maw Enosh L)

Hament Haducnon ~ %

4% 14




System Concept

7.1.7 Command and Data Handling

All possible elements of [Mourad et. al. 2006] shall be used.

Board Computer

The Air-Ship

'.‘7':" 1 r
8 o /| Actuators

:

Transciver

Yo,

Wire-Less Commwmucations H,

Local Computer

The Earth

—( Transceiver

Also the elements from SBEP conception (May-July 2013).

See chapter “Telemetry”

7.2 Education and Public Outreach

T gain vizsibality within the scientific and enginering community as well as in the

general public an education and public outreach program will

be an important

element of the project. Up-to-date communications involves classical instruments

like press raleazes for broadeasting and print media coverage but

alo online media

like web-bazad home papas, bBlogs and wiki-bassd information systems. Iniciating

parcnerships with telecommunication and web media providers

should favorably
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T link the scientific community and the general public amateur astronomy
groups will also be involved in payload experiments and the organizacion and
management of ground-bassd obeervations (e.p. space and ground based imaging
of transiant lupar phenomena). Thesa groups will establish a petwork o educa-
tion and public outreach insticudons like public observacories, science mussums,
planatariume and others vo support an suceessiul outreach program.

7.3 First Mockup Model
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7.4 Prototype

Figure 6.5: Prototype design — Figure 6.6: Prototype design —
View on propulsion module[52]  View on star trackers and other
subsystems|[52]
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8 Telemetry (Satellite Bus Communication) Conception
8.1 From SBEP project’

First step

—Serial com. Code
—Source coding

— Channel coding
—Send data

RIG 16 Exxoex

Hardware
of PIC

— PIC Board - Serial com. Code
- ROM —Source coding

— MAX 232 — Channel coding
—~ sensor —Send data

4 From [IAP_SBEP]



Telemetry (Satellite Bus Communication) Conception

8.2 Satellite side®

8.2.1 System Design
In general, the microcontrollers has to do the following (see figure 8.1):

- Establish a communication with the base station
- Control the Stratosphere balloon (stability and travel system)
- Source coding, encrypt code and channel coding
- Do a phased array
In our project we use the C programming language to program the microcontroller. A side to

the software, there are some hardware should be build also will discuss it later.

Satellite control system

ACU PIC1 Control PIC ®
Actuator >
Stability and travel system
GPS
Sensor >
P1C2 Communication control PIC o
Serial Communication STD-402
- Source coding Serial communication
. - Channel coding >
L
>
L
PIC3 Antenna Control PIC o
>
Phased array
)
Ll
Antenna Control
Base Station
Source
decoding
| ——Jp RS232
E i STD-402
| ———  wire . - —P
: Serial communication ghan(r;_el
| m——fp Coaxial ecoding

Figure 8.1: Satellite control system

5 Migration from [IAP_SBEP]
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As we see in figurel the first PIC is connected to the ACU actuator ([Mourad et. al. 2006],
Thesis of Jamal Ebeidieh) and to the GPS sensors board ([Mourad et. al. 2006], project of
Mohamed Subhan) and connected to the base PIC to interact. The second PIC which is the
base PIC is connected to the other PIC and to the STD-402 transceiver. The third PIC is

connected to the base PIC and to the circuit of antenna control for a phased array antenna

goal.

8.2.2 Working packages

1 Development of the base | 0,5 MM PC, Windows, VC++
station GUI
2 Develoment of Control | 2 MM
for Stabilization of the
stratoBallon (using
alternativeLotte HW),
scilab/xcos
2a Requirements

2b Lotte MatrixX Code ->

MATLAB
2c Generating Autocode,
Loading on

alternativeLotte = Control
Card

3 Installation of a | Sep
communication system
for sending the data from
the ballon to the base
station (using a

commercial radio sonde)

(Payload 1)

4a Modeling of | 1 MM
communication path to

stratosphere with octave

4b Development of HW 3 MM
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8.3 Ground station side

8.3.1 GUI Alternative 1: Using the old alternative Lotte program

' Ussilniaifocs
o4

Test Connection |

Sending Data
5 s

Solar Radiation
Receive Data Frame

M=l

Position Forition ,— Position |
in X ¢ in ¥ oo in & ¢
Fnerular I Bagular Tnsrular
Felocity im X: Valocity in T: Telocity in T
Velooitr I Welacity Velocity
in X an ¥: in 5
i I i Fccwloration
in X : in T - in 3 :

-G Frame

There is a connection hetween the Base Station and 6
the ALTERRATIVE-Lotte .

Sending Data Frame
. emm o
m]:;w Velocity Vel‘n?;u |

in X: in ¥: in &

o | coan |

:
<
£
B

Figure 3.1: User Interface

Weather Frame
WL VaEEaE I—

1a K
Rizd Wectox I
in T
Hlad Wector I

hllax Anlan Kadsfian

T ime

BELAF 1R ¥ l—
Gelur im ¥: l_'
HELAF 18 K li
2
&
:
I ime
Teapard bors

-Receive Data Frame
Tozition Dooition
i X ° in ¥
Hmgul ar Angular Angular
Velocitr in X: Yelocity in ¥: ¥elacity in B:
Valooity Yalooity Velocity
im X im ¥ in 2
Acceleration Roceleration Roceleration
in X - inY - in % °

- .

Seading Data Frame
new Position new Position

mew Position
in X in ¥ in g:
new newr e
Velocity Velocity Velocity I
in X in ¥: in 2
0K Cancel I

v#
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Advantage: already programmed, only little changes necessary

8.3.2 GUI Altemnative 2: In Scilab
S =l

File  About

LHY solution

LHY parameters LHY solution
Tau 50000 peraos S
. — | hlght Users
] —— Heavy users
q S a443 N (1982.8 , B070458) _— Memory
- D1 —— Initiation
a 0.163
b 0024 7e+006
q 0.062 1
delta 0.291 Be+D0E

/—%-555?60&
Se+006 |
Thedin 1970 1

Tend 2020 J— .
Tstep  |os
Ze+00G
1901.F . 1704444

1e+006 /
Compute % \

Oe+000 T

T T T T
1870 1875 1880 1885 1290 1985 2000 2005 2010 2015 2020
ear

Lo 1400000

HO 130000 ]

0 110000 2e+008 1079 4, 1883004)
T

See LHY_Tutorial GUILpdf

8.4 Transceiver Technology

The transceiver technology shall use channel coding as on satellite communication
technology (turbo codes). There exist MATLAB satellite communication simulation

packages.

The design can be started based on the alternative Lotte transceiver (see Ref. [Mourad et. al.
2006], Thesis of Rabih al-Farkh). To improve the sending and receiving the antenna shall be

modified.

There be used phased array technology both at sending and at receiving site.

8.4.1 Specification

It was decided, that the GUI and communication system of the former "alternative Lotte"
project (Alternative 1) shall migrated, because this will reduce the development time insha
Allah.
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The ground station is a PC.

GUL

=10 =]

Figure 3.1: User Interface

8.4.1.1 STEP 1 (until 15 June 2013)

Communication and Control modules of the board computer shall be integrated on a
Windows PC, HW (Sensor card, actuator card and comm.) shall be mounted with 3 serial
ports (RS 232) to the PC.
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At this stage also a GUI for the board computer is implemented (migration of KAHROUB
solar circuit windows program and integration of the code of Rabih (Receive.C, Send.C) into
it).

FCSis from

D:\ AECENAR\IAP\ Alternative Lotte\Regelung an Bord \ osa_lotte\lotte_regler neufassung

von Textdatei.txt

(Migration of former MATRIXX autocode file D:\AECENAR\IAP\Alternative
Lotte\Regelung an Bord \ osa_lotte\ Copy of Lotte_Regler.c)

Development environment for STEP 1
Visual Basic 6.0 (for Ground Station PC), C Compiler: MinGW, MSYS

8.4.1.2 STEP 2 (until 30 June 2013)

Connect to the
Serial Port 2 of
the Embeded

System

Microcontroller

Connect io the
Serial Port1of ___ 3

the Embeded
System
_ STD402 Ti a

PC in th base

stafion which
contains the User
Interface Program e — e

.
Comnect to the CIRCUITDESIGN

Serial Port of

the PCin the

ase station
Base ST-402 T i ;
Station ‘

E i1 m—
CIRCUITDESIGN
Airship
Earth Station (Alternative—Lotte)
] { 1
| | Graphical I | | Sensors Actunator | |
I User | I I
| | | | |
I I I RedHat Linux [
| | I |
| | e , |
| | LecalPC I ‘Z,, W Board | Comnuter I
I Transceiver I I Transceiver |
| | I |
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8.4.1.3 STEP 3: Improvements

The two STD-42 tranceivers can only communicate at distances <500 m.

\

The communication is at 433 MHz. C Compiler for the microcontroller of the board.

The SBEP system must have the ability to communicate up to about 60 km, because the

ballon shall go up to 40 km (stratosphere) and due to unavoidable drifts the distance

between the base station and the balloon will extend 50 km.

For this reason the following improvements shall be done:

1. send and receive antenna lobes shall be directed

with phased array antennas.

2. channel coding must be added before sending to the user data

1 Byt2

2 Byes

4 Bytes

4 Byes

4EBytes

4 Byes

1Bytes

4 Bytes

1By

Eegin Flag
(Begin of the
mehRage)

Lengih of the
mesREgE

new Position in X

mew Fosition in ¥

mew Positien in 2

new Welochy
In X

new Veloeity
i Y

mew Velscily
inZ

End Flag
{End of the
message)

Commands

Figure 3.13: User Data Protocol _ Send Message

and decoded after receiving the data.
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8.4.1.4 Antenna improvement

166 Uplink, Downlink and Ouverall Link Per‘fmmnﬂce; Intersatellite Links
Freguency
&0
) GHz —
: T | !/_:EUGHI i
: 14 GHz T
e B e o / x/ BeE
L | | Lo LA A GHz ||
72X 7 ecne 11
| . o 10
o0 j‘ v d 7 4GHZ T
— -" J;'_/ Il |
g 7 20Hz ]|
.. ' |
F b 1 1l
¢ 50 ,f/ i e
.E / / 1 r4 I
s !
g . = .
g 40
29
3n //Jé J/f |
f::" fJ’
A4 | | L [
e 7 |
0.1 1.0 100 100.0

Antanna diamater 0 (m)

Figure 5.2 Maximum antenna gain as a function of diameter for different frequencies at 9 =046, A 1m
anbenna at 12GHz has a wain of 40dBi.

whosevalue depends on the chosen illumination law. Foruniform illumination, thecoefficient has
a value of 58.5°. With non-uniform illumination laws, which lead to atenuabion at the reflector
boundaries, the 3dE beamwidth increases and the value of the cosfficient depends on the
particular characteristics of the law. The value commonly used is 7 which leads to the following

AMNTEMMA GAIM (dBi)

(a) (b}
Figure 53  Anterna mdiation pattenc (b polar representation and (b Caresian repressntation.

From [Maral et. al. 2009].

8.4.1.5 Channel Coding

There shall be a implemented a turbo code.

8.5 Payload Communication: SCS-SMS including AES
See [IAP_ECS]
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9 Telemetry (Satellite Bus Communication) Prototype®

9.1 Overview

In our project, the satellite communicates with a base station wirelessly by two Synthesize
transceivers STD-402. The base station is a computer connected to a Synthesize transceiver
and on the computer there is a GUI user interface, in the satellite there are microcontrollers

connect together and the hall system connect to the base station by a Synthesize transceiver.

9.1.1 Synthesize transceiver STD-402

The transceiver to be used is MB-STD-RS232. It is a bi-directional semi-duplex radio
modem having RS232 serial interface. It uses CIRCUIT DESIGN's standard 434 MHz FM
Narrow Band transceiver module STD-402 transceiver for RF part. This transceiver was
selected because of its frequency of 434 MHz. For this frequency there is no extra permission

necessary. Another reason is that this transceiver is a cheap one.

Further details see [Mourad et. al. 2006], Thesis of Rabih al-Farkh

9.2 Base station side’

In the base station side, a GUI user interface should build to interact with the satellite by

sending and receiving data.

See [Mourad et. al. 2006], Thesis of Rabih al-Farkh, Chapters 3-4

9.3 Satellite side

In the satellite side, there are some PIC microcontrollers which should be programmed to do

its work. In general, the microcontrollers aim to do the follow (see figurel):

- Establish a communication with the base station
- Control the Stratosphere balloon (stability and travel system)
- Source coding, encrypt code and channel coding
- Do a phased array
In our project we use the C programming language to program the microcontroller. A side to

the software, there are some hardware should be build also will discuss it later.

6

7 most of this information is from the Alternative-lotte project of Rabih al_Farkh
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Satellite control system

ACU PIC1 Control PIC ®
Actuator >
Stability and travel system
GPS
Sensor >
PI1C2 Communication control PIC o
- Serial Communication STD-402
- Source coding Serial communication
. - Channel coding >
L
| ]
PIC3 Antenna Control PIC ®
>
Phased array
>

Antenna Control Thared I

&
4
2
===
IR

Figurel: Satellite control system

As we see in figurel the first PIC is connected to the ACU actuator (project of Jamal
Ebeidieh) and to the GPS sensors board (project of Mohamed Subhan) and connected to the
base PIC to interact. The second PIC which is the base PIC is connected to the other PIC and
to the STD-402 transceiver. The third PIC is connected to the base PIC and to the circuit of

antenna control for a phased array antenna goal.

9.3.1.1 Hardware part

We can divide the hardware part of our project as follow:

9.3.1.2 ACU actuator®
The ACU actuator is the project of Mr. Jamal Ebeideh. You can go back to his project

report as a reference for this part.

8 Source: https://www.aecenar.com/download/ACUactuator
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9.3.1.3 GPS sensor®
The ACU actuator is the project of Mr. Mohamed Subhan. You can go back to his

project report as a reference for this part.

9.3.1.4 PIC board '

The PIC microcontroller needs a minimum support component to do its work. A PIC

microcontroller, even though it may have been programmed, is not of much use unless it is

supported by a number of components, such as the timing components and the reset circuit.

Timing components and design

A PIC microcontroller requires an external clock circuit (some PIC microcontrollers
have built-in clock circuits) to function accurately. For accurate timing applications, the clock
circuitry consists of a crystal, and two small capacitors. Figure bellow shows the circuit
diagram of a PIC microcontroller with a 4-MHz crystal clock circuit. The crystal and the

capacitors are connected to the OSC1 and OSC2 inputs of the microcontroller.

PIC

microcontroller

0OSC1 0SC2

16 15
m—L |D| L c2
ZEpE[ 4MHz 22 pF

Power source and Reset circuit

A PIC microcontroller starts executing the user program from address 0 of the
program memory when power is applied to the chip. As shown in Figure bellow, the reset

input (MCLR) of the microcontroller is usually connected to the 5V supply voltage through a

4.7K resistor.

9 Source: https://www.aecenar.com/download/GPSsensors
10 Some information of this part is copy with change from: PICBASIC PROJECT for Dogan Ibrahim
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+5V

Vdd

4.7K
MCLR

PIC

microcontroller

There are many applications where the user may want to force reset action e.g. by
pressing an external button so that the program re-starts to execute from the beginning.
External reset is very useful during microcontroller-based system development and testing.
Figure bellow shows how an external reset button can be connected to a PIC microcontroller.
Normally the MCLR input is at logic 1, and goes to logic 0 which resets the microcontroller
when the reset button is pressed. The microcontroller goes back to the normal operating

mode when the button is released.

+5V

14
Vdd

47K 4
MCLR

Push to

reset EDI PIC

microcontroller

Power supply

Every electronic circuit requires a power supply to operate. The required power can
either be provided from a battery, or the mains voltage can be used and then reduced to the
required level before it is used in the circuit (e.g. a mains adaptor). In this section, we shall

look at the design of a power supply circuit to power our PIC microcontroller circuits.

PIC microcontrollers can operate from a power supply voltage in the range 2 to 6V.
The standard power supply voltage in digital electronic circuits is 5 V and this is the voltage
with which the PIC microcontrollers are mostly operated. Unfortunately, it is not possible to
obtain 5 V using standard alkaline batteries only. The nearest we can get is by using three
batteries, which gives 4.5 V and this is not enough to power standard logic circuits. The
simplest solution to drop the voltage from 9 to 5 V is by using a potential divider circuit

using two resistors. Although a potential divider circuit is simple, it has the major
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disadvantage that the voltage at the output depends on the current drawn from the circuit.
As a result of this, the output voltage will change as we add or remove components from our
circuit. Also, the output voltage falls as the battery is used. A voltage regulator circuit is
needed to convert the 9 V battery voltage into 5V, independent of the current drawn from the
supply. A basic voltage regulator circuit consists of a regulator integrated circuit and filter
capacitors. Figure bellow shows a low-cost voltage regulator circuit using the 78L05-type
voltage regulator IC, and two filter capacitors. 78L05 is a 3-pin IC with a maximum current
capacity of 100 mA.

i o705 P2 > 15y
ov T
battery 1 0.33uF — 2 —— 0.01pF
PR —
T & GND
321

78L05 bottom view

One of the pins of 78L05 is connected to the +V terminal of the battery in parallel with
a 0.33-uF capacitor. One of the pins is connected to the -V terminal of the battery. The third
pin provides the +5 V output and a 0.01-uF capacitor should be used in parallel with this pin.
In applications where a larger current is required, the 7805 regulator IC can be used. This is
pin compatible with the low-power 78L05 and it has a maximum current capacity of 1 A.
78L05 should be used with a suitable heat-sink in applications drawing more than a few

hundreds of mill-amperes.

The complete circuit diagram of our PIC based basic system, together with the power
supply, is shown in Figure bellow. The circuit is now fully functional, what is required now

is to write our program and load it into the program memory of the microcontroller.

3 +5V

Power T 0.33 pF: _I_ 14
'

source 2 0.01 pF
- T T Vdd

_L 4.7K 4

= MCLR
Push to

reset EI:II PIC

= 5

Vss)
0SC1 QSC2

15 16 =
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This circuit is tested on simulation software (Proteus isus7) under the design bellow:
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Serial communication component

PIC microcontroller has serial communication module (USART) which operates using
CMOS logic levels which changes between +5V and 0V to represent logic 1 and 0. However
computer serial port (RS232C) operates in different voltage levels. It represents logic 0 with -
10V and logic 1 with +10V. So obliviously we can’t directly connect PIC MCUs USART pins
to computer. We need to convert voltage levels. For this task there is specially designed serial
level converter ICs available in most common one is MAX232 which is used here. This IC
receives signals from -10 to +10V from computer side and converts them into 0 and 5V which

can be used in microcontroller

When using MAX232 IC it is essential to connect C2 capacitor as close as possible to
MAX232 chip. Otherwise your circuit may not work. Also it is good idea to keep serial cable
from computer to MAX232 reasonably short. The new Proteus design is shown in the figure

bellow:
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The virtual terminal was added only for testing purpose.

9.3.1.5 Antenna control board
Not yet. ..

9.3.2 Software part

We can divide the software part of our project as follow:

9.3.2.1 Communication code "'

<TEXT=
powersupply 121

Ij error O

COMPIM
<TEXTx

To communicate with external components such as computers or microcontrollers,

the PIC micro uses a component called USART - Universal Synchronous Asynchronous

Receiver Transmitter. This component can be configured as:

e A Full-Duplex asynchronous system that can communicate with peripheral devices,

such as CRT terminals and personal computers

e A Half-Duplex synchronous system that can communicate with peripheral devices,

such as A/D or D/A integrated circuits, serial EEPROMs, etc.

To enable the serial

parameters within two registers:

11 Reference: some information in this part was coped with change from:

http://www.microcontrollerboard.com/pic_serial communication.html

communication with PIC microcontroller we must set different
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1. TXSTA - Transmit Status and Control Register

RW-0  RWO RWO RWO U0 RWO R1  RWO
[ csRe [ T | TXEN | SwNC — [ BRGH | TRMT | 90 |
bit 7 bit 0

MicrocontrollerBoard.com

2. RCSTA - Receive Status and Control Register

R::V#O R/W-0 R/W-0 R/W-0 Rl'W-O R-0 R-Q R-x
i SPEN RX9 SREN | CREN | ADDEN FERR | OERR | RXSD |
bt 7 bt 0

MicrocontrollerBoard.com

The send information will be stored inside TXREG register, which acts as a temporary
buffer storage of information prior to transmission. While the receive information will be

store in the RSR register, which acts as a temporary buffer storage.

Each transmission is transmitted in the particular rate (BAUD). The baud rate is measured in
units of bps (bit per second). This is done by setting the system clock to the value needed.
To do so, we need to “write” a hexadecimal number to the SPBRG register. The value written
to the SPBRG register set the clock cycle to the value we want for the BAUD rate.

The size of SPBRG register is 8-bit. In asynchronous mode, the baud rate of transmission of
the information can be set to high speed or to low speed. The rate selection, as already seen,

is made by the BRGH bit in TXSTA register:
1 = High speed 0 = Low speed
For each baud rate we need to calculate the value being placed in the SPBRG differently:
SPBRG = (Fosc / (16 x Baud rate)) - 1, BRGH = 1 High Speed
SPBRG = (Fosc / (64 x Baud rate)) - 1, BRGH = 0 Low Speed
In our case, we have: Fosc=48Mhz, Baud rate=9600
For High Speed => SPBRG = 0x137 hex
For Low Speed => SPBRG = 0x4D hex

Then the code for serial sending is (C programming):

void SendToSerial (char m)

{

SPBRG = 0x4D; // 4D hex or 77 decimal (baud rate=9600), Low
speed: SPBRG = (Fosc / (64 x Baud rate)) - 1

TXSTA = 0x22; // determining the setting for the
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transmitter

RCSTA= 0x90; // determining the setting for the
receiver

TXREG = m;

while (PIR1bits.TXIF==0) {}

9.3.2.2 Control and stability code
Not yet ...

9.3.2.3 Coding code

This code part will discuss in the system coding chapter (next chapter), and includes:

- Source Coding and Decoding code

- Encryption and Decryption code

- Channel Coding and Decoding code
All of this code will discuss in C language.

9.3.2.4 Antenna control code
Not yet ...

9.4 System coding
In the engineering sense, coding can be classified into four areas:

e Encryption: to encrypt information for security purpose.

e Data compression: to reduce space for the data stream.

e Data translation: to change the form of representation of the information so that it can
be transmitted over a communication channel.

e Error control: to encode a signal so that error occurred can be detected and possibly
corrected.

9.4.1 Introduction'?

The main aim of any communication schemes is to provide error-free data
transmission. In a communication system, information can be transmitted by analog or
digital signals. For analog means, the amplitude of the signal reflects the information of the
source, whereas for digital case, the information will first be translated into a stream of ‘0’
and ‘1". Then two different signals will be used to represent ‘0" and ‘1" respectively. As can be
referred to the following illustration, the main advantage of using digital signal is that errors
introduced by noise during the transmission can be detected and possibly corrected. For

wireless communication channels, noise can be introduced in various ways.

12 Reference: http://www.mathdb.org/notes_download/elementary/number/ne_N6.pdf
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Figure 1 shows the flow of a simple digital communication system:

Source » Quantization
Digital data input —>»y
Source » Encryption » Channel » Modulation
encoding encoding
A 4
Channel
Channel v
. decoding .. ;
Decryption [ S Equalization [ Demodulation

A

. Digital-to-analog
Decoding l’ converter

Digital data output

9.4.2 Source Coding
Suppose a word ‘Zebra’ is going to be sent out. Before this information can be
transmitted to the channel, it is first translated into a stream of bits (‘0" and ‘1’). The process
is called source coding. There are many commonly used ways to translate that. For example,
if ASCII code is used, each alphabet will be represented by 7-bit so-called the code word. The
alphabets ‘Z’, e/, ‘b’, ‘'r’, “a’, will be encoded as
10101017, 701101107, “0010110", “0010111", “0001110"

The ASCII code is an example of fixed-length code, because each of the code word is of the
same length (7 bits). However, in the view of efficient communication, the occurrence of ‘Z’
is not as often as that of ‘e’ and ‘a’. If there is a way of encoding information such that the
alphabets with higher probability of occurrence are assigned with shorter code words, and
longer for the other letters which seldom come out, then on the whole it may be able to
conserve the number of bits to be sent to the channel while sending the same information.
This is what the variable length code can do. The following illustrates the Huffman Codes,

which was developed by David Huffman in 1951.

Rules:

v" Order the symbols ('Z’, ‘¢, ‘b’, ’r’, ‘a’) by decreasing probability and denote them as
S1, to Sn (n = 5 for this case).

v Combine the two symbols (Sn, Sn-1) having the lowest probabilities. Assign ‘1" as the
last symbol of Sn-1and ‘0" as the last symbol of Sn.

v Form a new source alphabet of (n-1) symbols by combining Sn-1 and Sninto a new
symbol S'n-1 with probability P'n-1=Pn-1+ Pn.

v" Repeat the above steps until the final source alphabet has only one symbol with
probability equals to 1.

Figure 2: The process of coding the word ‘Zebra’ by Huffman Code
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Probability:
Alphabet: (Estimated) Code word:
e 1/2 0 o0
a 1/4 0 10
| 0 \ 1/2
b 1/8 . 1 110
1/4 |
r 1/16 0o 1110
1/8 |
Z 1/16 1 1111

9.4.2.1 Using Huffman theory

In the stratosphere balloon project, the Stratosphere balloon send to the base station a
data message contain hexadecimal character with message length equal to 116. Hexadecimal
data mean that we need a tree of 16 roots (0, 1,2, 3,4, 5,6,7,8,9, A, B, C, D, E, and F) to use it
in the Huffman coding strategy.

The probability of each character can't know by us but we can use some message data
and calculate the percentage in it. For this purpose, I use 10 data message and the

percentages were as follow:

(0): 70/1160 (1): 161/1160 (2): 106/1160 (3): 59/1160
(4): 202/1160 (5): 58/1160 (6): 41/1160 (7): 43/1160
(8): 61/1160 (9): 75/1160 (A): 67/1160 (B): 54/1160
(C): 50/1160 (D): 47/1160 (E): 40/1160 (F): 36/1160

Then we can sort the character as follow:

4>1>2>9>0>A>8>3>B>C>5>D>7>6>E>F
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(4)s © (o) 1 A1 [ﬂ)f 111491140 H”HH\‘H\HHD
’ [6) et
, Gl ¢y (1MI14119 10

LAY v 1B LA 1A 11440 () (YT T iy

(2)$ AN () 213111190 (%) (1111172940 (B) 119444

($) $A10 (1) A nao (D) (A i o

By trying to solve a Huffman code using this tree we get:
Let try with this msg: 41A73C42

The code will be:
010111110111111111111101111111011111111100110

We can advanced this tree to reduce the number of bits, the tree bellow reduce the number of

bits for each character

oS | Huffman | U
code
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(L) =0
(1) = 100
(1) - 4100
(®)=111400
(0)=411100

(By= +11110
[8)=4310

i
(S l
)% | (3)=1017
(D) ) f (B)= 4¥BAD
) —— (&) = 19811
:} ()= 111610
(6) —

(D>= 1114114

(3 =14 110j0
(422114461
(1= 1111190

(F)=111 11144

By trying to solve the same Huffman code using the new tree we get:
Message : 41A73C42
The code will be: 0100111110111101010111101101100

9.4.2.2 Write the Huffman code (c programming)

W | Huffman | SIS

code
As we see in the last part that each Hex characters have one binary code as the
following table:
Tablel: our Huffman code table

0 | 111100 410 8 | 1010 C | 11011

1 | 100 5 | 111010 9 | 11100 D | 111011

2 | 1100 6 | 1111011 A | 111110 E | 1111110

3 | 1011 7 | 1111010 B | 11010 F | 1111111

Now, let’s start with the coding side:
101
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The coding part is done by 16 (if) conditions for the 16 Hex characters we have it:

Let’s start:

void Source_Coding(char msg[])

{

int i, lenght;

char c0[7] ="111100";
char c1[7] ="100";
char c2[7] ="1100";
char c3[7] ="1011";
char c4[7] ="0";

char c5[7] = "111010";
char c6[7] ="1111011";
char c7[7] ="1111010";
char ¢8[7] ="1010";
char c9[7] ="11100";
char cA[7] ="111110";
char cB[7] = "11010";
char cC[7] ="11011";
char cD[7] ="111011";
char cE[7] ="1111110";
char cF[7] ="1111111";
lenght = strlen(msg);

for(i=0; i <= lenght; i++){

if (msg[i] =='0") Send_STRING(c0);
else if (msg[i] == '1") Send_STRING(c1);

else if (msg[i] = '2") Send_STRING(c2);

else if (msg[i]
else if (msg[i]
else if (msg[i]
else if (msg[i]

else if (msg[i]

else if (msg[i] ==

]
else if (msg[i]
]

'3") Send_STRING(c3);
'4") Send_STRING(c4);
'5") Send_STRING(c5);

'7") Send_STRING(c7

7

)
'6') Send_STRING(c6);
)
)

'8") Send_STRING(c8

7

'9") Send_STRING(c9);

else if (msg[i] == 'A") Send_STRING(cA);
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else if (msg[i] == 'B') Send_STRING(cB);

else if (msg[i] == 'C") Send_STRING(cC);

[
[
else if (msg[i] == 'D') Send_STRING(cD);
else if (msg[i] == 'E') Send_STRING(cE);
else if (msg[i] == 'F') Send_STRING(cF);

/l else set the error bit in the sending message

}
/] Delay10KTCYx(1000);

}

In the other hand, in the decoding side is done also by some (if) conditions as follows:

For(i=0; i<= msglenght; ){
If (code[i] = 0) {i++; m =4"; break;}

Else { // the first 1 on the code
I++;
if (code[i] = 0){ // the code now is: 10

if (code[i] =0) {i++ m =‘1"; break;}
else { // the code now is: 101
i++;

if(code[i] =0) {i++; m ="8’; break;}

else {i++; m =‘3’; break;}

}
Else { // the code now is: 11
I++;
If(code[i] =0) { // the code now is: 110
I++;
If(codel[i] = 0) {i++; m =‘2’; break;}
Else {
i=i+2;
If(code[i] =0) { m = “B’; i++; break;}
Else { m =‘C’; i++; break;}
}
Else { // the code now is: 111
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}

I++;
If(code[i] = 0) { // the code now is: 1110
i++;
If(code[i] =0) {m ="9’; i++ break;}
Else{ // the code now is: 11101
I++;
If(code[i] =0) {m =‘5"; i++; break;}
Else { m =‘D’; i++; break;}
}
Else{ // the code now is: 1111
I++;
If(code[i] = 0){ // the code now is: 11110
I++;
If(code[i] =0) { m =‘0’; i++; break;}
Else{ // the code now is: 111101
I++;
If(code[i] = 0){i++; m ="7’; break;}
Else {i++; m =‘6’; break;}
}
Else{ // the code now is: 11111
I++;
If(code[i] = 0){ i++; m =‘A’; break;}
Else{ // the code now is: 111111
If(codeli] = 0){i++; m ="E’; break;}
Else{i++; m =‘F’; break;}
}
}
}

// end of the conditions of the first character

// end of the loop
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9.4.3 Encryption™

One of the most widely used block cipher algorithms is the Data Encryption
Standard (DES), adopted in 1977 by the American National Standards Institute (ANSI).

After more than twenty years of use with continuous aging due to advances in
cryptography, the National Institute of Standards and Technology (NIST). On 2 October 2000

the NIST announced that the new encryption technique, named Advanced Encryption

Standard (AES), would use the Rijndael algorithm, designed by two well-known specialists,

Joan Daemen and Vincent Rijmen from Belgium.

9.4.3.1 Advanced Encryption Standard (AES)™

AES is based on a design principle known as a substitution-permutation network,
and is fast in both software and hardware. AES is a variant of Rijndael which has a
fixed block size of 128 bits, and a key size of 128, 192, or 256 bits. By contrast, the Rijndael
specification per se is specified with block and key sizes that may be any multiple of 32 bits,
both with a minimum of 128 and a maximum of 256 bits.

AES operates on a 4x4 column-major order matrix of bytes, termed the state, although
some versions of Rijndael have a larger block size and have additional columns in the state.
Most AES calculations are done in a special finite field.

The key size used for an AES cipher specifies the number of repetitions of
transformation rounds that convert the input, called the plaintext, into the final output,
called the cipher-text. The number of cycles of repetition is as follows:

e 10 cycles of repetition for 128-bit keys.
e 12 cycles of repetition for 192-bit keys.
e 14 cycles of repetition for 256-bit keys.

Each round consists of several processing steps, each containing five similar but different
stages, including one that depends on the encryption key itself. A set of reverse rounds are
applied to transform cipher-text back into the original plaintext using the same encryption
key.

9.4.3.2 AES algorithm

1. KeyExpansion—round keys are derived from the cipher key using Rijndael's key
schedule.
2. InitialRound
1. AddrRoundKey—each byte of the state is combined with the round key using

bitwise xor.

13 Reference: Microchip AN821 Advanced Encryption Standard Using the PIC16XXX page:1
14 Reference: http://en.wikipedia.org/wiki/Advanced_Encryption_Standard
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3. Rounds

1. SubBytes—a non-linear substitution step where each byte is replaced with

another according to a lookup table.

2. shiftRows—a transposition step where each row of the state is shifted

cyclically a certain number of steps.

3. MixColumns—a mixing operation which operates on the columns of the state,

combining the four bytes in each column.

4. AddRoundKey
4. Final Round (no MixColumns)

1. SubBytes
2.

3. AddRoundKey

ShiftRows

The SubBytes step

In the SubBytes step, each byte in the state matrix is replaced with a SubByte using an

8-bit substitution box, the Rijndael S-box. This operation provides the non-linearity in

the cipher. The S-box used is derived from

the multiplicative inverse over GF(28),

known to have good

non-linearity
properties. To avoid attacks based on
simple algebraic properties, the S-box is
inverse

constructed by combining the

function with an invertible affine

By,0| Sp,1| Sp2| Bz B0 By 1| Byl By
SubBytes
S ol Fs by g Byy| Bz By s
Bhp| Sl Bha
Y
CENENER

transformation. The S-box is also chosen to avoid any fixed points (and so is a derangement),

and also any opposite fixed points.

The ShiftRows step

The ShiftRows step operates on the rows of the state; it cyclically shifts the bytes in

each row by a certain offset. For AES, the
first row is left unchanged. Each byte of
the second row is shifted one to the left.

Similarly, the third and fourth rows are

shifted by offsets of two and three respectively.

Na

changeZ.0| Fo.1| T2 &z Sy,0| Fo,1| Fn,2| Fo,2
it S hiftFowd P P o
Shift 1
hif al::: ;al:]; Elirfl.:-l > 11| 1.2 B3 P10
Shift 3 a a =] a
hif az;:u 32%1_ /az,z fz,:-: 2,2| ¥2,3) Ba.0) T2
SRife 3 850/ F51f B3 B35 253 B30/ 331|833
-'.\'. —
For

blocks of sizes 128 bits and 192 bits, the shifting pattern is the same. Row n is shifted left

circular by n-1 bytes. In this way, each column of the output state of the ShiftRows step is

composed of bytes from each column of the input state. (Rijndael variants with a larger block


http://en.wikipedia.org/wiki/File:AES-SubBytes.svg
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size have slightly different offsets). For a 256-bit block, the first row is unchanged and the
shifting for the second, third and fourth row is 1 byte, 2 bytes and 3 bytes respectively —this
change only applies for the Rijndael cipher when used with a 256-bit block, as AES does not
use 256-bit blocks. The importance of this step is to make columns not linear independent If

so, AES becomes four independent block ciphers.

The MixColumns step

[

=
o

|

=

W

o

7

\

&) c(x)

In the MixColumns step, the four bytes of each column of the state are combined
using an invertible linear transformation. TheMixColumns function takes four bytes as input
and outputs four bytes, where each input byte affects all four output bytes. Together

with ShiftRows, MixColumns provides diffusion in the cipher.

During this operation, each column is multiplied by the known matrix that for the 128-bit
key is:

2 1
1 1
1 3

kD LA
[ o I e R

3 2

The multiplication operation is defined as: multiplication by 1 means no change,
multiplication by 2 means shifting to the left, and multiplication by 3 means shifting to the
left and then performing xor with the initial unshifted value. After shifting, a conditional xor

with 0x1B should be performed if the shifted value is larger than OxFF.

In more general sense, each column is treated as a polynomial over GF(28) and is then
multiplied modulo x4+1 with a fixed polynomial c(x) = 0x03 - x3+ x2+ x + 0x02. The
coefficients are displayed in their hexadecimal equivalent of the binary representation of bit

polynomials from GF(2)[x]. The MixColumns step can also be viewed as a multiplication by a
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particular MDS matrix in a finite field. This process is described further in the article Rijndael

mix columns.

The AddRoundKey step

In the AddRoundKey step, the ' )

subkey is combined with the state. For o R y

each round, a subkey is derived from

the  main key usingRijndael's  key

schedule; each subkey is the same size

as the state. The subkey is added by

combining each byte of the state with

the corresponding byte of the subkey

using bitwise XOR.



http://en.wikipedia.org/wiki/File:AES-AddRoundKey.svg
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9.4.3.3 Encryption and Decryption AES flow chart '

Encryption flow chart

ENCRYPTION

v

Get block to be Ciphered
and ciphering key

v

Initiate ROUND COUNTER
value = 10

v

;/- key_addition )
.

v

/ substitution S
N + -
( enc_shift row
// ~—
— H“*H
True

—

__/
< ROUND_COUNTER
=1?

N,

mix column )

( ena key achedule |
\ )""
(

Y

key addition \'1

v

Decrement
ROUND_COUNTER

T ~ H‘“‘“‘m
False - —
ROUND_COUNTER

=07

-

END

I
N

15 Reference: Microchip AN821 Advanced Encryption Standard Using the PIC16XXX page:18, 19
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Decryption flow chart

DECRYPTICON

v

Get block to be deciphered
and ciphering key

'

Initiate ROUND_COUNTER
value = 10

v

key_additien

Y

l\ substitution g1 /J

v

-.( dec_shift_row

ROUND_COUNTER
=107

inv_mix celumn \\

v

dec_key_ schedule N -l

v

key_additicn )

v

Decrement
ROUNL_COUNTER

=

False _— T
ROUND_COUNTER

=07

9.4.3.4 AES program (C programming)
See [IAP_ECS]
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10 Mission Planning

e Tracked Downlink (fixed direction to receiver station)

SiliEimion ConY

Target pointing mode (from [Yasir 2010], p.22)



Mission simulation with Maple

11 Mission simulation with Maple

Model Images

Rockat Trajectery

¥ utinude’ vdie
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C {d | ® www.maplesoft.com/ Q @ |

Model Images
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masxy |2 o Tha Pt 3 X altitude Dmgy
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Model diagram showing the various subsystems of the rocket >

L] Rocket Applicati..msim ~ | @ MapleSim Model ..html ~ | @ Guidance, Naviga..html ~ | @ Designing a Guid...html A Alle anzeigen | X

113



Part III: Mission Planning and Simulation

12 Mission Simulation 2012: Shuttle Flight simulation into orbit

ERDE
LEO

ERD-FLUCITT

#include "/home/iap/gtk+-uebungen/gtk-2.0/gtk/gtk.h"

#include <unistd.h>
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void loeschen_funk(GtkWidget *widget, gpointer daten);

int raketenflugberechnung_ebeneErde();

int main(int argc, char *argv[])

{

GtkWidget *hauptfenster;
GtkWidget *schalter;
GtkWidget *vbox;

gtk_init(&argc, &argv);

hauptfenster = gtk_window_new(GTK_WINDOW_TOPLEVEL);
gtk_widget_set_usize(GTK_WIDGET (hauptfenster), 180,120);
gtk_window_set_title(GTK_WINDOW (hauptfenster), "Mondprojekt");

gtk_signal_connect(GTK_OBJECT(hauptfenster), "destroy",
GTK_SIGNAL_FUNC(loeschen_funk), NULL);
gtk_container_set_border_width(GTK_CONTAINER (hauptfenster), 20);

vbox = gtk_vbox_new(TRUE, 0);
gtk_container_add(GTK_CONTAINER(hauptfenster), vbox);

[*Schalter einrichten*/

schalter = gtk_button_new_with_label("Raketenflug berechnen");

gtk_signal_connect(GTK_OBJECT/(schalter), "clicked",
GTK_SIGNAL_FUNC(raketenflugberechnung_ebeneErde), 0 );

gtk_box_pack_start(GTK_BOX(vbox), schalter, TRUE, FALSE, 0);

gtk_widget_show(schalter);

/* Fenster sihtbar machen. */

gtk_widget_show(vbox);
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gtk_widget_show(hauptfenster);

gtk_main();

g_print("main() wird nun beendet.\n");

return 0;

void loeschen_funk(GtkWidget *Widget, gpointer zdaten)
{

g_print("Beenden : Destroy-Signal wurfe empfangen.\n");

gtk_main_quit();

/* */
[* Berechnung */
/* */

[*globale Variablen und Arrays.*/

float v[500];

float F = 30000;

float F W =0;

floatc W=0.8;

float A R=0.8;

float luft_dichte = 0.002;
float m =1000;

int g =10;

float gamma_grad[500];
float gamma_rad;

float sin_gamma;

float cos_gamma;

float h[500];

float x[500];

int delta_t=2;

int i;



Mission Simulation 2012: Shuttle Flight simulation into orbit

int raketenflugberechnung_ebeneErde()

gamma_grad[0] = 90;
h[0] =0;
x[0] =0;

for(i = 0;i < 500; i++)
{
sleep(2);
gamma_rad = gamma_grad[i] * 3.1415/180;
sin_gamma = sin(gamma_rad);
cos_gamma = cos(gamma_rad);
v[i+l] = ((F-F_W) /m - (g¥sin_gamma) ) * delta_t + v[i];
F_ W= c W*A_R* (luft_dichte/2) * v[i] * v[i];
gamma_grad[i+1]= ((-2*g)/(v[i]+v[i+1]))*cos_gamma*delta_t+gamma_grad][i];
h[i+1] = 0.5 * (v[i] + v[i+1]) * sin_gamma * delta_t + h[i];
x[i+1] = 0.5 * (v[i] + v[i+1]) * cos_gamma * delta_t + x[i];

gamma_grad[2] = 45;

if (m <10)
m=m - 10;
printf("v_%d = %f m/s\tgamma_%d = %f\th_%d = %f\ tx_%d = %f\n" \
, 1, v[i], i, gamma_grad][i], i, h[i], i, x[i]);
}
return 0;

}
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13 Ground Track Visualization

13.1.1 Tools for visualization of the ground track of satellites: Gpredict and OpenSat

sample

GPREDICT: Amateur

2012/01/20 21:40:47

Prochain: FO-29
dans 21:49

Azimuth :

Elévation :

Slant Range :

Range Rate :
Prochain événement :
SSP Loc. :

Empreinte terrestre :
Altitude :

Vélocité :
Doppler@100M :
Sig. Loss :

Sig. Delay :

Mean Anom. :

Phase Orbite :

Orbit Num. :
Visibilité :

178,72°
-65,26°

12431 km
1,871 km/sec
AOS: 2012/01/20 22:39:24
JB82MF
6154 km

822 km

7,441 km/sec
-624 Hz
154,29 dB
41,47 msec
190,63°
268,07°
95535
Daylight

Figure 13.1: Gpredict software

To simulate the satellite around the earth, a specific program is necessary.

We want to take such open source program and adapt it to our specific requirements. We
want to have a program which tracks our satellite (ILAP-SAT). The source code of gpredict is

used to make our program.

Gpredict is a real-time satellite tracking and orbit prediction program (Fig. 3.17). A satellite
tracking program is a computer program that predicts the position and velocity of a satellite
at a given time using a mathematical model of the orbit. It can also predict the time of future

passes for a satellite, and provide you with detailed information about each pass. [13]

Gpredict can track an unlimited number of satellites and display their position and other

data in lists, tables, maps, and polar plots (Fig. 3.18).



Ground Track Visualization

Fle Edit Tools Help

|Amsat-144| Amateur |

GPREDICT: Amateur

0

| 2008/09/20 14:37:59

=

®

—-’"‘\_ - =
OZ9AEC N Next: AD-27 [z} AO-16
MECYON Azimuth : 167.50°
Elevation | 40,42*
| Slant Range : 1151 km
Range Rate | -5,072 kmy/sec
Next Event: LOS: 2008/09/20 14:47:32
4 SSP Lat. : 48,40°N
SSP Lon. : 11,15°E
SSP Loc. : |N5BN)
WH | | | | E | Footprint: 6079 km
‘ Altitude | 800 km
Velocity : 7.455 km/s
Doppler . 1692 Hz
Sig. Loss : 133,62 dB
. Sig. Delay ; 3,84 msec
AD-16 Mean Anom. ; 110.63°
Orbit Phase : 155,58°
Orbit Num. : 97456
| Visibility : Daylight
<
Figure 13.2: Window of Gpredict (list, map and polar plot)
Opensat

It is open source software, which also follows all satellites in the atmosphere, and gives their

ground tracking (Fig. 3.19 and Fig. 3.20), as Gpredict.
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Bitte warien

Figure 13.3: Open-Satellite software

[B Open-sateliite el S T— N — | |

Zeit:

Datum:

Zeitzone:

Ort: nfurt

Breite [°]: 50.05 Ort : H-Locator

Figure 13.4: Window of OpenSatellite
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14 Simulation of IAP-SAT mission 2015

14.1 Specification of IAP-SAT’s parameters

IAP-SAT is the first Lebanese meteorological satellite. It will be used to take meteorological

data to estimate the state of weather in Lebanon.
This satellite has the same parameters of Dubai-SAT;
It will be placed on a sun-synchronous low earth orbit, on a nominal altitude of 680 Km. [10]

The parameters of this satellite are presented in the following table (Table 2.1):

Parameters Features
Orbits Sun-synchronous Low Earth Orbit
Altitude 680 Km
Inclination 98.13°
Mass 200 Kg (Payload: 50Kg, Bus:150Kg)
Dimension Hexagonal: 1.2x1.2(m)
Attitude Accuracy 0.2°

Table 14.1: Parameters of IAP-SAT

14.2 Description and Modeling of IAP-SAT

This satellite contains, according to its mission:
A camera
Sensors: 3 gyroscopes, 3 accelerometers
Actuators: 4 electrical propulsions (Hall Effect thrusters)
Board of communication
Board computer
Battery
Antenna
3 solar panels

After the specification of IAP-SAT and fixing its parameters, this satellite will be modeled.
The program CAD is used to attain this object (Fig. 2.2).

IAP-SAT has a shape close to that of DubaiSat.

We construct geometrical shapes depending on the shape of the body represented by this
geometric shape, for example: a hexagonal shape represents the body of the satellite, a
rectangular shape represents the computer board; a cylindrical shape represents the antenna.
Then, we approach and we collect all these forms together in a specific manner to obtain the

model of our satellite.

121



Part III: Mission Planning and Simulation

(b)

Figure 14.1 (a, b, c): Model of IAP-SAT in FreeCAD

14.3 Visualization of the ground track of IAP-SAT

After modeling this satellite, it will be constructed and launched to take the needed

meteorological data. This satellite attains the sun-synchronous low earth orbit, and starts to

turn around the earth. The ground station detects these moves by showing the ground track

for this satellite when it changes its position with the time. We use the OpenSatellite

software to follow the satellite and obtain its ground tracking represented in the next

figures (Fig.2.3 and Fig. 2.4),

and we can estimate the position of this satellite which changes

with time, so we obtain the prediction of its ground tracking.

Open-Satellite

Zeit:

Datum:

Zeitzone:

Ort: nfurt
Breite [7]:
Lange [°]:

O | JO50CB

Name: DUBAISAT 1
090418

366820

Int. Bezeichnung:
Katalog Nummer:
921512742938
0.0000112
981316

Epoche:
DCR:
Inklination []:
RAAN [
Exzentrizitat:
AP [

MA [°]:

MM [Ufd]: 1465981622
Umilauf-Nr. seit dem Start: 63

109.3607
0.0010865
2774835
825127

NASA 2Line | Erkldrung | Skizze | Ir. Flares

09.09.2015 " 20:28:16

System-Zeit:

Figure 14.2:

TLE: Suche Satellt ...

tle-new bt -
Anzahl Satelliten in Datei: 25

Sateli: 12
12 DUBAISAT 1 -

Magnitude (n. Molczan) mo: kA,

Kein berflug fur heute!

Azimut_Sonne: [7]

Auswahl | Konfig | Update | Vorhersage

UT:17:28:16

Window of OpenSatellite when DubaiSat is selected

IAP-SAT is not in the atmosphere now, so we try to follow the ground tracking of the closest

satellite; it is Dubaisat.
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Figure 14.3: One complete rotation around the earth

The satellite accomplishes one rotation around the earth in 90 minutes.

After 90 minutes, it takes another position for a new rotation. The difference between the

previous and the next track is shown in the figure 2.4:

(c) (d)

Figure 14.4 (a, b, ¢, d): Ground tracking of DubaiSat

The satellite follows the connected line, and the other line is the previous trajectory of this

satellite before 90 minutes.
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The satellite realizes about 16 rotations in the day. All these rotations are shown in the figure
2.5:

Figure 14.5: All rotations of the satellite around the earth during the day



Presentation Film 2015

15 Presentation Film 2015

15.1 Payload Program

Earth Surveillance to take meteorological data to take meteorological data to monitor and
estimate the energy supply potential of large scale photovoltaic energy plants to control a
national alternative energy supply program. The satellite shall be based on technology of
Turkish Goktiirk and DubaiSat-1

15.2 Presentation Film of MIS
After modeling, specification, prediction of position and tracking the satellite, we make a film
of this mission simulation. This film contains all results of the first part of the project

(specification). Screenshots of this film are represented in the following figure:

Meteorological satellite

* Takes data from the earth atmosphere by
sensing electromagnetic radiations coming
from the surface below, to estimate the state

A project of
AECENAR Applied Research Center, Ras Nhache
www.aecenar.com
(O Jlad) (13 a0\ adal
2015/1436

of weather. g

o so-«@»« —

Model of IAP-SAT
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16 Mission Simulation with CelestLab (2020)
16.1 CelestLab Demo Tool

CelestLab is a numerical tool which is an add-on to Scilab in which it deals with satellite and
orbit simulation, tracking and behavior. The CelestLab has a large library to allow the
simulation or space application. The CelestLab provide the user with some demos to create
standard simulation application. The used can change the initiation parameters in order to
display the needed results. Once you add the CelestLab Library you can access the Demo

tools.

16.1.1 Visibility:
This feature in the CelestLab Demo tool help the user to simulate the movement of the

satellite. This tool has eight main sections:

1) Accessibility at equator

2) Ground station pointing error

3) Ground station visibility space time coverage
4) Visibility duration

5) Visibility parameter

6) Visibility parameter 2

7) Visibility pass

Ground Station Visibility:

As for the round Station Visibility. The user should specify the following parameter presented
in figure . This tool will display a 2D map of the earth with the orbit pass way of the satellite.
The display will all be in 2Dimension.

B scilab Multiple Values Request X

n Parameters

Initial time (1950.0) 21915
Semi-major axis [km] 7078.1363
Eccentricity 0
Inclination [deg] 98.2
Argument of perigee [deg] 0
Longitude of asc. node [deg] 0

Mean anomaly [deg] 0
Simulation duration [day] 1
Simulation time step [s] 60
Minimum elevation [deg] 5

Figure 16-1: Visibility parameters panel

Once we have all the Initial data set, the tool will present the orbit pass on the earth map,

Check figure , the figure has the degrees which specify the position of the orbit place. Once
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we have the orbit we can use the right click on the map to specify the position in which we

want to check the visibility time.

Ground tracks

Latitude [deg]

Longitude [deq]

Figure 16-2: Orbit pas of the satellite on a 2D Earth Map

Once the position is specify, the visibility pass windows will present the time in which the

satellite is visible from the location specified. Check figure

Graphic window number 2
Visibility passes Ground tracks
] | 1 ; I |

1 I I 1 1 I I 1 1 I I i':-_'i:-_‘_ _'_*

A A | *****
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= 1 i i I i i i i i i i
- R B R a0
& Bt==-r-=r==1===fpad--=--r--r=--r-=-{--p-
% | 1 | 1 | 1 I ] | | 5
o 1 I I 1 1 I I 1 1 I a‘ﬂ
€ 1 i [ 1 i i I i i [ g
A SRRk Bt NS B B 2o
& 1 i [ 1 i i I i i [ 2
w =
a SRR B B : § 20
E dfcckzsptecdacodafpoddenezcpmacsphazpa=f=ady==
] 1 i i I i i i i i i
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E 2 1 i [ | i i i i i [
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k 1 1 1 1 | : : ] | 1 '60‘ '

1 i i I i i i i i i
ol L -**--
0 2 4 68 8 10 12 14 16 18 20 22 24 150 100 0 0 50 100 150

Time from beginning of simulation [hous] Longitude [deg]

Figure 16-3: Orbit pass and satellite vision time

16.2 Principle and Task

TODO:

- Trajectory Simulation of Operational Flight of IAP-SWRDA_SAT (Low Earth Orbit)
- Trajectory Simulation of Operational Flight of IAP-SWRDA_SAT (Low Earth Orbit)
- Trajectory Simulation of Transport Vehicle for IAP-SWRDA_SAT
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- Trajectory Simulation of Transport Vehicle for IAP-COMSAT

16.3 Trajectory Simulation of Operational Flight of IAP-SWRDA_SAT (Low
Earth Orbit) %"’

File é
4 |File Edit Help

File € CelestLab Demo Tool
]
Nt

Bc

Topics

Astro stuff

el jon
Two-ine elements

=

Accessbilty at e
Ground station ng error
Groun
|Groun

tion pointing error - acquisiion
stations visbiity

Space time coverage

Visbilty duration

Visbilty parameters

Visbilty parameters 2

Visbity pass

[ scilab Multiple Values Request

fal envirol [ Paameters

Initial tme (1950.0)
Semi-major axis m]
Eccentricty

Indination [deg]

7 7 X Veriable Browser ? A%

Name Value Type Visbiity

Longitude of asc. node [deg] €

Mean anomaly [deg]

0
9
Argument of perigee. [deg] )
0
0
1

‘Smmuiation duration [day)

|
|
+ +
i Senulation time step [s] 60
i Mnimum elevaton [deg] H
elest
i

Lab [KeeoPlots [Jshowsarot

[ show Info

News feed 2ax
=l Internet Of Things with Sclab 6.1 S

Internet Of Things with Scilab 6.1

Find out about exciting new applications enabled by Sclab 6.1, thanks to the
an s

[] Case sensitive [[] Reguler expression

1) Semi major axis [Km]: in geometry, the major axis is used for ellipse which is the
longest diameter axis. The semi major axis in one half the major axis

2) Eccentricity: a dimensionless parameter that determines the amount by which
its orbit around another body deviates from a perfect circle. A value of 0 is a circular
orbit, values between 0 and 1 form an elliptic orbit.

3) Inclination [deg]: measures the tilt of an object's orbit around a celestial body. It is
expressed as the angle between a reference plane and the orbital plane or axis of
direction of the orbiting object.

4) Argument of perigee [deg]: the angle between the perigee (maximum) and the
ascending node, measured in the orbital plane.

5) Longitude of asc. node [deg]: the angle measured in the equatorial plane between the
ascending node of the orbit and the x-axis. The ascending node is defined to be the
intersection between the Earth's equatorial plane and the satellite's orbit as it goes from
the southern hemisphere to the northern one.

6) Mean anomaly [deg]: the time that has passed since the last passage at perigee, as a
function of the orbital period, and expressed as an angle.

7) Simulation duration [day]: specify the time in days which we want the simulation to
be done. For one hour we need to put 0.0416 day which is equivalent to it.

8) Simulation time step [sec]: the simulation step is the interval which the simulation
will be done. The smaller the value the more accurate the simulation. Still the small
values requires high computation power.

16 https://en.wikipedia.org/wiki/Low Earth orbit
17 https://scholarworks.aub.edu.lb/bitstream/handle/10938/10252/t-6038.pdf?sequence=1&isAllowed=y
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Excess velocity vector: norm [km/s] 3
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Excess velocity vector: declination [deg] 20
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Excess velocity vector: norm [km/s] 3
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17 Mission Planning'®

Milestone Date Spaceflight Deliverables Spacecraft Provider Deliverables
- Procure deployment system
- Requirements for CAD & FEM,
Contract Signi thermal models . .
Typically L- uf:‘n: ths - ICD Template - Completed spacecraft questionnaire
- Apply for export licensing (as
required)
Kickoff - Mission Schedule - Spacecraft CAD model
; - Safety submission template - Spacecraft FEM
LSA signature+2 months &
delivery - Spacecraft Test Plan
- Updated CAD model (if applicable)
- Updated FEM (if applicable
- Updated mission schedule - Thermal Model
5 - Current best estimate launch - Updated Spacecraft Mas
Mission CDR . s
Licth:B maiathe campaign schedule - Completed Safety Submission

- Preliminary Integration Schedule
- Preliminary Launch Operations Plan

- Spacecraft launch site operations
plan

- Spacecraft licensing information sent
to appropriate agency

System Readiness Review

- Updated mission analyses results (if
applicable)
- Final integration schedule

- Verification compliance to ICD
requirements (i.e. test reports)
- Updates to CAD, FEM, thermal

Launch-3 months - Final launch operations plan model, and Safety Package (if
- Alist of facilities and services app“a;b'e)
available for spacecraft checkout

- Final as-measured spacecraft mass

and best estimated wet-mass

A - Delivery of Spacecraft and associated
Integration Process Start Isi::::ymlf AT the electrical and mechanical GSE to

Launch-60 days - Spaceflight provides the integration SREgSG Suctity or sy e

facility

integration

- Delivery of spacecraft mass simulator
to integration facility for system level
integration

Launch Readiness Review
Launch-1 day

- Approximate separation time

- Launch Readiness Review (LRR)

Launch
Launch+0 hours

Spacecraft Separation
Launch+4 hours

- Separation confirmation and state
vector

Acquisition Notification

Spacecraft Acquisition+12
hours

- Indication of spacecraft acquisition,
state-of-health assessment

https://www.nasa.gov/smallsat-institute/space-mission-design-tools

https://public.ccsds.org/Pubs/529x0¢1.pdf

18 https://spaceflight.com/wp-content/uploads/2019/02/Spaceflight-Mission-Planning-Guide-Rev-G.pdf
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Table 3-2 Description of Deliverables

Item | Deliverables from Spacecraft Provider to Spaceflight

Spacecraft Questionnaire — The spacecraft questionnaire includes the orbit requirements, interface

1
details, mass properties, preliminary drawings, and unique spacecraft requirements, etc.

2 Verification Artifacts — Provide documentation to serve as verification artifacts of all ICD requirements
(includes spacecraft system design information, test plans and results, Certificates of Compliance, etc.)

3 Spacecraft CAD Model — CAD model showing the outer mold line configuration, shape, and dimensions of

the satellite.

Mass Properties Report — Current best estimate mass properties are tracked from spacecraft
4 | questionnaire through Mission Readiness Review. The values should include the nominal values and 30
uncertainties.

Safety Package — The Safety Package is a data package that provides detailed technical data on all
5 | hazardous items including drawings, schematics, RF Radiation, and assembly and handling procedures
(format is dependent upon Launch Range).

Spacecraft Launch Operations Plan - Each spacecraft must specify any handling constraints,
6 |environmental constraints, personnel requirements, equipment requirements, launch site checkout
procedures, integration procedures, and the duration of these tasks for their satellite.

Spacecraft Finite Element Model (microsats only) — A spacecraft FEM is required for inclusion in Coupled
Loads Analysis.

Spacecraft Thermal Model (microsats only) — A spacecraft thermal model is required for inclusion in an
integrated thermal analysis

Spacecraft licensing - Copies of all licenses, permits, clearances, authorizations, and approvals necessary
for the transportation of, communication with, operation, launch and orbital deployment of the spacecraft
9 |including, but is not limited to all licenses from: the Federal Communications Commission ("FCC") or
spacecraft provider’s applicable national administration/agency; and if applicable, the National Oceanic
and Atmospheric Administration ("NOAA").

Item | Deliverables from Spaceflight to Spacecraft Provider

ICD - Interface Control Document defining mission, interface, and operational spacecraft requirements
1 |necessary to successfully execute the launch service, including acceptable verification methods and
verification artifacts for each of the requirements.

2 | Deliverable input guidance — Provide deliverable templates and feedback on draft submissions.

Schedule — Description of the mission planning timeline and status of readiness activities to ensure the
team is on-track to meet mission milestones.

Mission Unique Design Analyses — Provide current best estimates through coordination with launch
vehicle team for launch environments, targeted orbital parameters, and deployment timing.

Spacecraft and Mission Readiness Review — Provide readiness status for spacecraft, Spaceflight hardware
5 | and facilities to execute launch cam paign.

State vector and deployment confirmation — Actual insertion parameters and separation confirmation on

& orbit.
Done/Undone
1 | Spacecraft Questionnaire Undone: interface details, mass properties
2 | Verification Artifacts all undone
3 | Spacecraft CAD Model not done for the satellite
4 | Mass Properties Report all undone
5 | Safety Package all undone
Done: environmental constraints,
6 | Spacecraft Launch Operations Plan equipment requirements
7 | Spacecraft Finite Element Model (microsats only) | all undone
8 | Spacecraft Thermal Model (microsats only) all undone
9 | Spacecraft licensing all undone
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18 Realization of Inertial Measurement Unit (IMU)"®

The IMU has the following parts:
- Gyro
- Accelerometer

- Magnetometer

The software runs on a raspberry pi.

19 done by CNCLab (Rami Nassouh)
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18.1 IMU-Sensor: LSM9DS0

LSM9DS0 IMU Breakout - 9DoF
Price : 39.95%

Mark : SparkFun Electronics®
Serial number : SEN0080

Description:

This is the LSM9DS0, a versatile motion-sensing system-in-a-chip that houses a 3-axis accelerometer,

3-axis gyroscope, and 3-axis magnetometer. That’s right, 9 degrees of freedom (9dof) from a single IC!

Each sensor in the LSM9DS0 supports a wide range of, well, ranges: the accelerometer’s scale can be
setto+2,4,6,8, or 16 g, the gyroscope supports + 245, 500, and 2000 °/s, and the magnetometer has
full-scale ranges of + 2, 4, 8, or 12 gauss. Additionally, the LSM9DS0 includes an I2C serial bus
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interface supporting standard and fast mode (100 kHz and 400 kHz) and an SPI serial standard

interface.

FEATURES

3 acceleration channels, 3 angular rate channels, 3 magnetic field channels
+2/+4/+6/+8/+16 g linear acceleration full scale
+2/+4/+8/+12 gauss magnetic full scale
+245/+500/+2000 dps angular rate full scale
16-bit data output

SPI/I2C serial interfaces

Analog supply voltage 2.4 Vto 3.6 V
Programmable interrupt generators
Embedded self-test

Embedded temperature sensor

Embedded FIFO

18.2 LSM9DS0 Hookup Guide®

18.2.1 Covered In This Tutorial
This tutorial is devoted to all things LSM9DS0. We'll introduce you to the chip itself, then the

breakout board. Then we’ll switch over to example code, and show you how to interface with the
board using an Arduino and our SFE_LSM9DS0 Arduino library.

The tutorial is split into the following pages:

About the LSM9DS0 — An overview of the LSM9DS0, examining its features and capabilities.

Breakout Overview — This page covers the LSM9DS0 Breakout Board - topics like the pinout,

jumpers, and schematic.

Hardware Assembly — Assembly tips and tricks, plus some information about the breakout’s

dimensions.

Basic Arduino Example — How to install the Arduino library, and use a simple example sketch.

Advanced Arduino Example — A more advanced Arduino sketch — using the library — showing

off features like switch the sensors' scales and data rates.

Using the Arduino Library — An overview of the SFE_LSM9DS0 Arduino library.

20 https://learn.sparkfun.com/tutorials/lsm9ds0-hookup-guide?_ga=2.72099031.592506407.1511257598-
1712679554.1505480322
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18.2.2 About the LSM9DS0
The LSM9DSO0 is one of only a handful of IC’s that can measure three key properties of movement —

angular velocity, acceleration, and heading —in a single IC.

The gyroscope can measure angular velocity — that is “how fast, and along which axis, am I
rotating?” Angular velocities are measured in degrees per second — usually abbreviated to DPS or °/s.
The LSM9DS0 can measure up to + 2000 DPS, though that scale can also be set to either 245 or 500

DPS to get a finer resolution.

An accelerometer measures acceleration, which indicates how fast velocity is changing — “how fast
am I speeding up or slowing down?” Acceleration is usually either measured in m/s? (meters per
second per second) or ¢’s (gravities [about 9.8 m/s?]). If an object is sitting motionless it feels about
1 g of acceleration towards the ground (assuming that ground is on earth, and the object is near sea-
level). The LSM9DS0 measures its acceleration in ¢’s, and its scale can be set to either + 2, 4, 6, 8, or
16_g .

Finally, there’s the magnetometer, which measures the power and direction of magnetic fields.
Though they’re not easily visible, magnetic fields exist all around us — whether you're holding a tiny

ferromagnet or feeling an attraction to Earth’s magnetic field. The LSM9DS0 measures magnetic fields

in units of gauss (Gs), and can set its measurement scale to either +2, 4, 8, or 12 Gs.

By measuring these three properties, you can gain a great deal of knowledge about an object’s
movement. 9IDOF’s have tons and tons of applications. Measuring the force and direction of Earth’s
magnetic field with a magnetometer, you can approximate your heading. An accelerometer in your
phone can measure the direction of the force of gravity, and estimate orientation (portrait, landscape,
flat, etc.). Quadcopters with built-in gyroscopes can look out for sudden rolls or pitches, and correct

their momentum before things get out of hand.

The LSM9DS0 measures each of these movement properties in three dimensions. That means it
produces nine pieces of data: acceleration in x/y/z, angular rotation in x/y/z, and magnetic force in
x/y/z. On the breakout board, the z-axis runs normal to the PCB, the y-axis runs parallel to the short
edge, and the x-axis is parallel to the long edge. Each axis has a positive and negative direction as

well, noted by the direction of the arrow on the label.

The LSM9DS0 is, in a sense, two IC’s smashed into one package — like if you combined an L3G4200D
gyro with an LSM303DLMTR accel/mag. One half of the device takes care of all-things gyroscope,



https://learn.sparkfun.com/tutorials/gyroscope
https://learn.sparkfun.com/tutorials/tutorials/
http://en.wikipedia.org/wiki/Magnetometer
http://en.wikipedia.org/wiki/Earth%27s_magnetic_field
https://www.sparkfun.com/products/10612
https://www.sparkfun.com/products/10612
https://www.sparkfun.com/products/10888
https://cdn.sparkfun.com/assets/8/b/b/4/5/9DOF-3axes.png
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and the other half manages both the accelerometer and magnetometer. In fact, a few of the control
pins are dedicated to a single sensor — there are two chip select pins (CSG for the gyro and CSXM for
the accel/mag) and two serial data out pins (SDOG and SDOXM).

2
18.2.3 Choose Your Own Adventure: SPlorl| C
In addition to being able to measure a wide variety of movement vectors, the LSM9DS0 is also multi-

featured on the hardware end. It supports both SPland I’C, so you should have no difficulty

finding a microcontroller that can talk to it.

For much more detailed information about the IC, we encourage you to check out the
datasheetr

18.2.4 Breakout Overview
Now that you know everything you need to about the LSM9DSO0 IC, let’s talk a bit about the breakout

board it’s resting on. On this page we’ll discuss the pins that are broken out, and some of the other

features on the board.

18.2.5 The Pinout
In total, the LSM9DSO0 Breakout breaks out 13 pins.

LSMSDS@ SDOF Breakout

Here’s an overview of each of the pin functions:

Pin
Pin Function Notes
Label
CSG Chip Select Gyro This pin selects between I?C and SPI on the gyro. Keep it HIGH for|
[°C, or wuse it as an (active-low) chip select for SPL

21 https://cdn.sparkfun.com/assets/f/6/1/f/0/LSM9DS0.pdf
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HIGH (1): SPI idle mode / I2C enabled|

LOW (0): SPI enabled / I2C disabled.

This pin selects between I?C and SPI on the XM. Keep it HIGH for]

CSXM Chip Select [°C, or wuse it as an (active-low) chip select for SPL
Accel/Mag (XM) HIGH  ():  SPI  idle  mode  /I2C  enabled
LOW (0): SPI enabled / I>C disabled.
SPI: Gyroscope MISO
[In SPI mode, this is the gyroscope data output (SDO_G).
SDOG I2C: Gyro address .
[n I°C mode, this selects the LSb of the I>C address (SA0_G)
select
SPI: Accel/Mag MISO o
[In SPI mode, this is the XM data output (SDO_XM).
SDOXM | I2C: XM address
[n I°C mode, this selects the LSb of the IC address (SA0_XM)
select
SCL Serial Clock [1°C and SPI serial clock.
SPI: MOSI SPI: Device data in (MOSI)
SDA
[2C:Serial Data  [I>C: Serial data (bi-directional)
Supply voltage to the chip. Should be regulated between 2.4V and
VDD Power Supply
3.6V.
GND Ground OV voltage supply
DEN Gyroscope Data  [Mostly unknown. The LSM9DS0 datasheet doesn't have much to say|
Enable about this pin.
INTG Gyro Programmable |An interrupt that can be programmed as active high/low, push-pull,
Interrupt or open drain. It can trigger on over/under rotation speeds.
An interrupt that can indicate new gyro data is ready or buffer
DRDYG |Gyroscope data ready
overrun.
A programmable interrupt that can trigger on data ready, over-
INT1XM |Accel/Mag Interrupt 1 .
acceleration or "taps".
A programmable interrupt that can trigger on data ready, over-
INT2XM |Accel/Mag Interrupt 2

acceleration or "taps".

These pins can all be classified into one of three categories: communication, interrupts, or power.

Power Supply

The VDD and GND pins are where you’ll supply a voltage and 0V reference to the IC. The breakout

board does not regulate this voltage, so make sure it falls within the allowed supply voltage range of
the LSM9DSO0: 2.4V to 3.6V. Below is the electrical characteristics table from the datasheet.
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Tast 1)
Symbol Parameter conditions Min. Typ. Max. Unit
Vdd Supply voltage 2.4 36 v
Vdd_IO | Module power supply for /O 1.7 1.8 Wed+0.1
HR setting
CTRL_REGS
Current consumption of the _XM(M_RES
Idd_XM |accelerometer and magnetic sensor [1.0]) = 11b, 350 T
in normal mode 2} see
CTRL_REGS
_ XM (24h)
Gyroscope current consumption in
1d.G | ormal mode! 6.1 mA
ldd_G_LP Qymﬁmpe Suﬂrily current o oA
in sleep mode
Current consumption in power-down
ldd_Pdn models) 6 A
WIH Digital high-level input voltage 0.8"dd_|1O W
WIL Digital low-level input voltage 0.2°dd_10 W
WOH High-level cutput voltage 0.9*Vdd_IO W
WOL Low-level output voltage 0.1*dd_IO W
Top Operating temperature range -40 +B5 C

The communication pins are not 5V tolerant, so they’ll need to be regulated to within a few mV of

VDD.

Another very cool thing about this sensor is how low-power it is. In normal operation — with every

sensor turned on —it'll pull around 6.5mA.

Communication

CSG, CSXM, SDOG, SDOXM, SCL, and SDA are all used for the I2C and SPI interfaces. The function

of these pins depends upon which of the two interfaces you're using.

If you're using using I*C here’s how you might configure these pins:

e Pull CSG and CSXM HIGH. This will set both the gyro and accel/mag to I>)C mode.

e Set SDOG and SDOXM either HIGH or LOW. These pins set the I>C address of the gyro and
accel/mag sensors.
e Connect SCL to your microcontroller’s SCL pin.
e Connect SDA to your microcontroller’s SDA pin.
e The board has a built-in 10k pull-up resistor on both SDA and SCL lines. If that value is too
high, you can add a second 10k(2 resistor in parallel to divide the pull-up resistance to about

5kQ.

Or, if you're using SPI:

e Connect CSG and CSXM to two individually controllable pins on your microcontroller. These
chip-selects are active-low — when the pin goes LOW, SPI communication with either the gyro

(CSG) or accel/mag (CSXM) is enabled.
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e SDOG and SDOXM are the serial data out pins. In many cases you'll want to connect them
together, and wire them to your microcontroller’'s MISO (master-in, slave-out) pin.

e Connect SCL to your microcontroller’s SCLK (serial clock) pin.

e Connect SDA to your microcontroller’s MOSI (master-out, slave-in) pin.

Interrupts

There are a variety of interrupts on the LSM9DS0. While connecting up to these is not as critical as the

communication or power supply pins, using them will help you get the most out of the chip.

The accelerometer- and magnetometer-specific interrupts are INT1IXM and INT2XM. These can both
be programmed to interrupt as either active-high or active-low, triggering on events like data ready,

tap-detection, or when an acceleration or magnetic field passes a set threshold.

DRDY and INTG are devoted gyroscope interrupts. DRDY can be programmed to go high or low
when new gyroscope readings are ready to read. INTG is a little more customizable, it can be used to

trigger whenever angular rotation exceeds a threshold on any axis.

18.2.6 Basic Arduino Example
This example will show you how to download and install the SFE_LSM9DSO0 library, and use it in it’s

most basic form. We’ll use I>C and ignore the interrupts, which means we’ll be using as few wires and

Arduino pins as possible.

18.2.7 Download and Install the Library
We've written a full-featured Arduino library to help make interfacing with the LSM9DS0’s gyro and

accelerometer/magnetometer as easy-as-possible. Visit the GitHub re DOSitOI’V to download

the most recent version of the library, or click the link below:

DOWNLOAD THE SFE LSM9DS0 ARDUINO LIBRARY

For help installing the library, check out our How To Install An Arduino Library tutorial. You'll need to
move the SFE_LSM9DSO0 folder into a libraries folder within your Arduino sketchbook.

2
18.2.7.1 Simple Hardware Hookup (I C)

The library will work with either I?C or SPL Since we're trying to be as frugal with our Arduino pins

as possible, I?C it is! Here's a fritzing diagram for this example:


https://github.com/sparkfun/SparkFun_LSM9DS0_Arduino_Library
https://github.com/sparkfun/SparkFun_LSM9DS0_Arduino_Library/archive/master.zip
https://learn.sparkfun.com/tutorials/installing-an-arduino-library

Realization of Inertial Measurement Unit (IMU)

/

0.0 0.9 0.9 0080 50N TENNC__NEED S S8
FRE N N N N )
- . 5
. . .

.. .
L -

i

L L N

.*ux.um.
“HXTAINI®

0>

S SAGEO @
N BINT®

L B \
L N A
as s

(0

o

L BN BN BN BN NN
L B B
L B

-

Ill'i\.ll

LSMS0SA 900F Breakout

“OMINONY HILM 03NN

L N N N N N RN I I R
L B B B L N B B D N B N B O B I B N N N B N B B B B I

i .
o
§ = -
=
. = = .« e .
z g = .. ¢ e .«
5 = - “e 99 .
= Ir - .. ¢ .=
- 24 < e P
" £ . . L
o
- e e . s 0 - L P
> & .« e . .o 22
pie .« . .o 2 &
® & «- e - . e e
pie" “- e - .o P
“« e - ..

fritzing

Connecting the LSM9DSO0 to a RedBoard via a Bi-Directional Logic Level Converter.

This hookup relies on all of the jumpers on the back of the board being set (as they should be, unless
they’ve been sliced). If the jumpers have been disconnected, connect all four CS and SDO pins to 3.3V.

Since we're using I>C all we have to do is connect SDA to SDA and SCL to SCL. Unfortunately, since
the LSM9DS0’s maximum operating voltage is 3.6V, we need to use a level shifting board to switch
between 3.3V and 5V.

Alternatively, if you have a 3.3V-operating Arduino - like the 3.3V/I8MHz Pro- you can

connect SDA and SCL directly from microcontroller to sensor.
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https://cdn.sparkfun.com/assets/1/5/9/9/9/simple-redboard_levelShift_bb.png

Inertial Measurement Unit

LR
LR
ISP

P
sparkfuncom e »

T

Arduino Pro

DIGITAL
\NONRDIE 4006 BSOBHST

q

3.3V

5V
1bMHZ

-n N
"® T™X-0 ¥ apmuz

® Rx-1 B
® 5/3.3V

8MHz

+ @
- ®

. TEE I E T Y Y
® rrs I8

fritzing

Heck, you can even mount the breakout board on top of the Arduino Pro. If you do this, you'll need
to set A3 HIGH and A2 LOW. The sensor pulls little enough current that the Arduino’s I/O pins can

power it!

The wireless hookup: mounting an LSM9DSO0 on top of an Arduino Pro. Pull A2 LOW and A3 HIGH to
power the breakout.


https://cdn.sparkfun.com/assets/9/8/9/2/b/simple-pro_bb.png
https://cdn.sparkfun.com/assets/4/0/8/3/b/lsm9ds0-on-arduino-pro.jpg

Realization of Inertial Measurement Unit (IMU)

18.2.7.2 Open the LSM9DS0_Simple Example

Once you've installed the library, open Arduino (or restart it if it was already open). You'll find this
first example under the File > Examples > SFE_LSM9DS0 > LSM9DSO0_Simple:

LSMODSO Simple.ino

SFE_LSM9DSO Library Simple Example Code
Jim Lindblom @ SparkFun Electronics
Original Creation Date: February 18, 2014

https://github.com/sparkfun/LSMIDS@ Breakout

The LSM9DSO is a versatile 9DOF sensor. It has a built-in accelerometer, gyroscope, and
magnetometer. Very cool! Plus it functions over either SPI or I2C.
This Arduino sketch is a demo of the simple side of the SFE_LSM9DSO library. It'll demo the
following:
* How to create a LSMI9DS@ object, using a constructor (global
variables section).
* How to use the begin() function of the LSM9DSO class.
* How to read the gyroscope, accelerometer, and magnetometer
using the readGryo(), readAccel(), readMag() functions and the
gx, gy, gz, ax, ay, az, mx, my, and mz variables.
* How to calculate actual acceleration, rotation speed, magnetic
field strength using the calcAccel(), calcGyro() and calcMag()
functions.
* How to use the data from the LSMI9DSO to calculate orientation

and heading.

Hardware setup: This library supports communicating with the
LSMODSO over either I2C or SPI. If you're using I2C, these are
the only connections that need to be made:

LSMODSO --------- Arduino

SCL ---------- SCL (A5 on older 'Duinos')
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SDA ---------- SDA (A4 on older 'Duinos')
VBB ==cc==sooomoe 3.3V
GND -------mmmo-- GND

(CSG, CSXM, SDOG, and SDOXM should all be pulled high jumpers on

the breakout board will do this for you.)

If you're using SPI, here is an example hardware setup:

LSMIDS@ --------- Arduino

CSG -------------= 9

CSXM ---mmmme oo 10

SDOG ----====----- 12

SDOXM ------------ 12 (tied to SDOG)
SCL cococosoocoosos 13

SDA ------c----e-- 11

Vb)) cocoooocooooos 3.3V

@N[D) ccococosooooos GND

The LSM9DS@ has a maximum voltage of 3.6V. Make sure you power it
off the 3.3V rail! And either use level shifters between SCL

and SDA or just use a 3.3V Arduino Pro.

Development environment specifics:
IDE: Arduino 1.0.5
Hardware Platform: Arduino Pro 3.3V/8MHz

LSMIODSO Breakout Version: 1.0

This code is beerware. If you see me (or any other SparkFun

employee) at the local, and you've found our code helpful, please

buy us a round!

Distributed as-is; no warranty is given.
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// The SFE_LSM9DS@ requires both the SPI and Wire libraries.
// Unfortunately, you'll need to include both in the Arduino
// sketch, before including the SFE_LSM9DS@ library.
#include <SPI.h> // Included for SFE_LSM9DS®@ library
#include <Wire.h>

#include <SFE_LSM9DS@.h>

[1117771177171711771117

// Example I2C Setup //

LI711777771177717177717

// Comment out this section if you're using SPI

// SDO_XM and SDO_G are both grounded, so our addresses are:
#define LSMODSO_XM ©x1D // Would be ©Ox1E if SDO_XM is LOW
#define LSM9DSO_G ox6B // Would be ©x6A if SDO_G is LOW

// Create an instance of the LSM9DS@ library called “dof  the

// parameters for this constructor are:

// [SPI or I2C Mode declaration],[gyro I2C address],[xm I2C add.]

LSMODS@ dof(MODE_I2C, LSMIDS@® G, LSMODS@_XM);

I111177177777777771177177

// Example SPI Setup //

I111177177777777771177177

/* // Uncomment this section if you're using SPI

#define LSM9DSO_CSG 9 // CSG connected to Arduino pin 9
#define LSMODSO CSXM 10 // CSXM connected to Arduino pin 10
LSMODSO dof(MODE_SPI, LSM9DSO_CSG, LSMIDS@_CSXM);

*/
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// Do you want to print calculated values or raw ADC ticks read
// from the sensor? Comment out ONE of the two #defines below
// to pick:

#tdefine PRINT_CALCULATED

//#define PRINT_RAW

#define PRINT_SPEED 500 // 500 ms between prints

void setup()

{
Serial.begin(115200); // Start serial at 115200 bps
// Use the begin() function to initialize the LSM9DS@ library.
// You can either call it with no parameters (the easy way):
uintl6_t status = dof.begin();
// Or call it with declarations for sensor scales and data rates:
//uintl6_t status = dof.begin(dof.G_SCALE_2000DPS,

// dof.A_SCALE_6G, dof.M_SCALE_2GS);

// begin() returns a 16-bit value which includes both the gyro
// and accelerometers WHO_AM_I response. You can check this to
// make sure communication was successful.
Serial.print("LSM9DSO® WHO AM I's returned: ox");
Serial.println(status, HEX);

Serial.println("Should be ©x49D4");

Serial.println();

void loop()

{
printGyro(); // Print "G: gx, gy, gz"

printAccel(); // Print "A: ax, ay, az"
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printMag(); // Print "M: mx, my, mz"

// Print the heading and orientation for fun!

printHeading((float) dof.mx, (float) dof.my);

printOrientation(dof.calcAccel(dof.ax), dof.calcAccel(dof.ay),
dof.calcAccel(dof.az));

Serial.println();

delay(PRINT_SPEED);

void printGyro()

{

// To read from the gyroscope, you must first call the
// readGyro() function. When this exits, it'll update the
// gx, gy, and gz variables with the most current data.

dof.readGyro();

// Now we can use the gx, gy, and gz variables as we please.
// Either print them as raw ADC values, or calculated in DPS.

Serial.print("G: ");

#ifdef PRINT_CALCULATED

// If you want to print calculated values, you can use the
// calcGyro helper function to convert a raw ADC value to

// DPS. Give the function the value that you want to convert.
Serial.print(dof.calcGyro(dof.gx), 2);

Serial.print(", ");

Serial.print(dof.calcGyro(dof.gy), 2);

Serial.print(", ");

Serial.println(dof.calcGyro(dof.gz), 2);
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#telif defined PRINT_RAW
Serial.print(dof.gx);
Serial.print(", ");
Serial.print(dof.gy);
Serial.print(", ");
Serial.println(dof.gz);

#tendif

void printAccel()

// To read from the accelerometer, you must first call the
// readAccel() function. When this exits, it'll update the
// ax, ay, and az variables with the most current data.

dof.readAccel();

// Now we can use the ax, ay, and az variables as we please.
// Either print them as raw ADC values, or calculated in g's.
Serial.print("A: ");

#ifdef PRINT_CALCULATED
// If you want to print calculated values, you can use the
// calcAccel helper function to convert a raw ADC value to
// g's. Give the function the value that you want to convert.
Serial.print(dof.calcAccel(dof.ax), 2);
Serial.print(", ");
Serial.print(dof.calcAccel(dof.ay), 2);
Serial.print(", ");
Serial.println(dof.calcAccel(dof.az), 2);

#elif defined PRINT_RAW
Serial.print(dof.ax);

Serial.print(", ");
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Serial.print(dof.ay);
Serial.print(", ");

Serial.println(dof.az);

#tendif

void printMag()

{

// To read from the magnetometer, you must first call the
// readMag() function. When this exits, it'll update the
// mx, my, and mz variables with the most current data.

dof.readMag();

// Now we can use the mx, my, and mz variables as we please.

// Either print them as raw ADC values, or calculated in Gauss.

Serial.print("M: ");

#ifdef PRINT_CALCULATED

// If you want to print calculated values, you can use the

// calcMag helper function to convert a raw ADC value to

// Gauss. Give the function the value that you want to convert.

Serial.print(dof.calcMag(dof.mx), 2);
Serial.print(", ");
Serial.print(dof.calcMag(dof.my), 2);
Serial.print(", ");

Serial.println(dof.calcMag(dof.mz), 2);

#elif defined PRINT_RAW

Serial.print(dof.mx);
Serial.print(", ");

Serial.print(dof.my);
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#e

//

//

//

//

//

//

Serial.print(", ");
Serial.println(dof.mz);

ndif

Here's a fun function to calculate your heading, using Earth's

magnetic field.

It only works if the sensor is flat (z-axis normal to Earth).
Additionally, you may need to add or subtract a declination
angle to get the heading normalized to your location.

See: http://www.ngdc.noaa.gov/geomag/declination.shtml

void printHeading(float hx, float hy)

{

float heading;

if (hy > 0)

heading = 90 - (atan(hx / hy) * (180 / PI));
}
else if (hy < 0)

{

heading = - (atan(hx / hy) * (180 / PI));

else // hy =0
{
if (hx < @) heading = 180;

else heading = 0;

Serial.print("Heading: ");

Serial.println(heading, 2);
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// Another fun function that does calculations based on the
// acclerometer data. This function will print your LSM9DSO's
// orientation -- it's roll and pitch angles.

void printOrientation(float x, float y, float z)

{

float pitch, roll;

pitch = atan2(x, sqrt(y *y) + (z * z));
roll = atan2(y, sqrt(x * x) + (z * z));
pitch *= 180.0 / PI;

roll *= 180.0 / PI;

Serial.print("Pitch, Roll: ");
Serial.print(pitch, 2);
Serial.print(", ");
Serial.println(roll, 2);

}
After uploading the code, open up your serial monitor and set the baud rate to 115200 bps. You

should see something like this begin to stream by:
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i -
COM29 Ny =R EER
| |

L3M9D30 WHO 2M T's returned: Ox49D4
Should ke 0x435D4

G: -3.85, 1.61, -0.56

A: -0.07, 0.07, 0.9&

M: 0.14, 0.11, 0.1%
Heading: 38.52

Pitch, Roll: -3.94, 3.93

G: -3.76, l.62, -0.78

k: -0.07, 0.08, 0.97

M: 0.14, 0,11, 0.17
Heading: 37.83

Pitch, Roll: -4.06, 3.358

[¥] Autoscroll Nolineending w | 115200baud -

L = A

Each serial output blurb spits out the readings from all nine dimensions of movement. First the
gyroscope readings (“G: x, y, z”) in degrees per second (DPS). Then come three degrees of
acceleration in g’s (“A: x, y, z”), followed by the magnetic field readings (“M: x, y, z”) in gauss (Gs).

Try moving your breadboard around (carefully, don’t disconnect any wires!). Are the numbers
changing? Check out the acceleration values — the axis normal to gravity should feel about 1 g of
acceleration on it.

Does the heading output what you’d expect? If north seems a few degrees off, you may need to
adjust for your declination. That means adding or subtracting a constant number that correlates to

your location on this map.

That’s all there is to it! If you want to get more out of the LSM9DS0 by using the interrupt outputs,
check out the next page! Or check out the Using the Arduino Library Page for help using the library.

18.2.8 Resources and Going Further

Hopefully that info dump was enough to get you rolling with the LSM9DS0. If you need any more
information, here are some more resources:

e LSM9DS0 Datasheet — This datasheet covers everything from the hardware and pinout of the
IC, to the register mapping of the gyroscope and accelerometer/magnetometer.

e LSM9DS0 Breakout Schematic

e LSM9DS0 Breakout EAGLE Files



http://www.ngdc.noaa.gov/geomag/declination.shtml
https://learn.sparkfun.com/tutorials/using-the-arduino-library
https://cdn.sparkfun.com/assets/f/6/1/f/0/LSM9DS0.pdf
https://cdn.sparkfun.com/assets/8/c/c/4/9/lsm9ds0_breakout-v10-schematic-.pdf
https://learn.sparkfun.com/tutorials/(https:/cdn.sparkfun.com/assets/f/6/9/6/d/lsm9ds0-breakout-v10-EAGLE.zip
https://cdn.sparkfun.com/assets/3/9/7/1/5/serial_monitor-simple.png
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18.3 Software on Raspberry concerning IMU

RTIMULb-master.zip
4 MU * Name . Anderungsdatum Typ Grafe
| LSMIDS0 IMU Breakout - 9DoF files ; .
= AccelCalDlg.cpp 22.06.2015 06:47 CPP-Datei 10 KB
4 | RTIMULib-master B
i = AccelCalDIg.h 22.06.2015 06:47 H-Datei 3KB
4 | RTIMULib-master . .
- | CMakelLists.bet 22.06.2015 06:47 Textdokument 3KB
el ']
' '"”xh %] IMUThrezd.cpp 220620150647 CPP-Datei 5 KB
-~ python 2] IMUThread.h 22.06.2015 06:47 H-Datei 3KB
. RTIMULibCal ; .
: =] MagCalDlg.cpp 22.06.2015 06:47 CPP-Datei 11 KB
. RTIMULibDemo . -
. =] MagCalDlg.h 22.06.2015 06:47 H-Datei KB
. RTIMULibDemoGL . . .
o =] main.cpp 22.06.2015 06:47 CPP-Datei 2KB
. RTIMULibDrive = . . ;
T =] RTIMULibDema.cpp 22.06.2015 06:47 CPP-Datei 16 KB
.. RTIMULibDriveld . ; .
= RTIMULibDema.h 22.06.2015 06:47 H-Datei 4 KB
. RTIMULibDrivell . . . . "
RTIMULibDemo.pri 22.06.2015 06:47 Qt Project Include... 2KB
. RTIMULibGL . . . . .
RTIMULibDemo.pro 22.06.2015 06:47 Qt Project file 2KB
. RTIMULibwvrpn ; . ; - ;
o RTIMULibDemo.ui 22.06,2015 06:47 Qt Ul file 3KB
.. RTEllipscidFit : ‘|
= SelectFusionDlg.cpp 22.06.2015 06:47 CPP-Datei 3KB
4 || RTHost . .
=] SelectFusionDlg.h 22.06.2015 06:47 H-Datei 2KB
. RTArduLinkHost . .
=] SelectIMUDIg.cpp 22.06.2015 06:47 CPP-Datei 9 KB
.. RTHostIMU ; .
%] SelectIMUDIg.h 22.06.2015 06:47 H-Datei 2KB
. RTHostIMUCommon
. RTHostIMUGL
. RTIMULibGL
> . RTSerialPort
> L RTIMULib
Q Ism9ds0-breakout-v10-EAGLE zip
> @ RTIMULib-master.zip
| ), v Computer » Lokaler Datentrager (D:) » AECENAR » IAP » IAP-SAT » IAP-SAT 2017 18 » IMU » RTIMULib-master » RTIMULib-master » RTIMULIb » -
ren v g Offnen ~ Brennen MNeuer Ordner
-~ -
4 5 IMU it Name Anderungsdatum Typ GriBe
. LSM3DS0 IMU Breakout - 9DoF _files X _ o X
. IMUDrivers 22.06.2015 06: Dateiordner

4 ) RTIMULib-master

. | CMakeLists.tet 22,06.2015 06: Textdokument 4 KB
B R'I'I.MUle-master = RTFusion.cpp 22.06.2015 06 CPP-Datei 5KB
4 Linux |='| RTFusion.h 22,06.2015 06:47 H-Datei SKB
" 4 pythan ] = RTFusicnKalmand.cpp 22.06.2015 06:47 CPP-Datei T KB
- R'I'IMUL?bCaI & RTFusionKalmand.h 22.06.2015 06:47 H-Datei 4 KB
. RTIMULfbDemo =] RTFusionRTQF.cpp 22,06.2015 06:47 CPP-Datei 6 KB
. RTIMUL?bDe.moGL | =] RTFusionRTQF.h 22,06.2015 06:47 H-Datei 3KB
. RTIMUL!bDr!ve r =] RTIMUAccelCal.cpp 22,06.2015 06: CPP-Datei 1KB
: RTIMUL?bDr?deI =] RTIMUAccelCalh 22,06.2015 06:47 H-Datei 3KB
. RTIMUL?bDWﬂl =] RTIMUCaIDefz.h 22,06.2015 06:47 H-Datei 3KB
- T“;‘tMGULtIi:GL =] RTIMUHal.cpp 22,06.2015 06:47 CPP-Datei 11 KB
- ) . =] RTIMUHalh 22,06.2015 06:47 H-Datei S5KB
A VRWId_QEtLIb || RTIMULIB LICENSE 22,06.2015 06:47 Datei 2KB
.' R_?Jr::;i:pn RTIMULib.h 22,06.2015 06:47 H-Datei 2KB
. '. RTHost EI RTIMULib.pri 22.06.2015 06: Qt Project Include... 4 KB
} . =] RTIMULibDefs.h 22,06.2015 06:47 H-Datei 3KB
AL =] RTIMUMagCal.cpp 22,06.2015 06:47 CPP-Datei KB
TR =] RTIMUMag(Cal.h 22,06.2015 06:47 H-Datei S5KB
T LT =] RTIMUSettings.cpp 22,06.2015 06:47 CPP-Datei 64 KB
. RTHOSHMUGL =] RTIMUSettings.h 22,06.2015 06:47 H-Datei 18 KB
e RHML_JLIbGL ] RTMath.cpp 22,06.2015 06: CPP-Datei 17 KB
s RTSerl.alF’ort =] RTMath.h 22,06.2015 06:47 H-Datei TKB

> 1. RTIMULIb
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19 Base Station in Laboratory

On-Board-Computer: Raspberry Pi

with remote desktop via WiFi: visualization of IMU.
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20 Fiber Optic Gyro Basics

SOURCE

PHOTODETECTOR

LIGHT
SOURCE

FIBER-OPTIC

PHOTODETECTOR

Figure 8 - Basic fiber-optic rotation rate sensor concept
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Figure 9 ~ Improved fiber=optic rotation rate sensor configuration.

From

Single Mode Fiber Optic Sagnac Interferometer with Wireless Data
Collection

Doug Marett

Skyhunt, Toronto, ON Canada
FEiber optic Gyroscope, IFOG, FOG, Sagnac Interferometer, wireless data acquisition



Figure 1: Fiber optic Sagnac interferometer block
diagram (all components co-rotate on a platform)

phase controller FC/FC adapter

loop Is
beam
=
'(’_ 2x2 coupler
FC/FC N

adapter main fiber optic
loop (100 m)

amp meter or DAQ

[ 1

II. MATERIALS

The essential parts for this project were as follows:
FP-MQW 1.3 um laser with FC/PC connector
2 x 2 coupler (single mode) with FC/PC connectors
Phase controller loop and mount
100 m or 1000 m single mode fiber optic loop
PIN diode IR detector with amplifier
Output voltmeter or wireless DAQ

fiber optic
cable spool
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Figure 3: Phase Controller Detail
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Figure 5: Interferometer output volts verses RPM

collected using a wireless DAQ (100 m loop)
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Figure 6: Interferometer output volts verses RPM
collected using a wireless DAQ) (1000 m loop)
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21 Fiber Optic Gyro development test rig and Fiber optic gyroscope sensor
21.1 Sagnac effect

21.1.1 Definition:

The Sagnac effect (also called Sagnac interference), named after French physicist Georges
Sagnac, is a phenomenon encountered in interferometry that is elicited by rotation. The
Sagnac effect manifests itself in a setup called a ring interferometer. A beam of light is split
and the two beams are made to follow the same path but in opposite directions. To act as a
ring the trajectory must enclose an area. On return to the point of entry the two light beams
are allowed to exit the ring and undergo interference. The relative phases of the two exiting
beams, and thus the position of the interference fringes, are shifted according to the angular
velocity of the apparatus. This arrangement is also called a Sagnac interferometer.

(1]

Light
source

Detector

Title: Figure 1. Schematic representation of a Sagnac interferometer.
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21.1.2 Experiment:

I. Schema:

Polisator/ phase
controllerloop

- -

H.:' i
M 2x2coupler W

Detector +
Data 100m fiber
proccessing opticloop

Title: Figure 2. Sagnac effect schema.

Polisator/ phase
controller loop

2x2 coupler ;

Detector +
DEIE] 100m fiber
proccessing optic loop

1. Materials:

« Single or Multi mode fiber optic cable ( 10 - 40 m ) with FC/UPC connectors.

« Fiber optic coupler 2x2 (50:50 split) with FC/UPC connectors.

 Detector ciruit.

o Laser.

« (Polarisator) We won’t use a polarisator in the first stage of sagnac effect experiment

ii.1. Fiber optic cable [TBD]



ii.2. Fiber optic coupler [TBD]

ii.3. Detector circuit
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Title: Figure 3. Detector schema.

Component:

* Arduino UNO

* Bluetooth slave client
* Resistor 10k ohm

* Photodiode

ii.4. Laser [TBD]

ii.5. Polarisator [TBD]



21.2FOG

Fig.: FOG Sensor
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Fig: FOG integration in satellite (4 FOG sensors)

21.3 FreeCAD files

R

081016IAP-SAT_Inte
gration.FCStd

21.4 References:

[1]: https://en.wikipedia.org/wiki/Sagnac effect

Useful links:
e https://www.youtube.com/watch?v=AwcQsbgy7AY
e http://laserpointerforums.com/f42/diy-homemade-laser-diode-driver-26339.html
e regulator: https://www.youtube.com/watch?v=I[JWWGPjc-w
e http://www.instructables.com/id/How-to-Build-a-Bench-Top-Power-Supply/
e http://www.instructables.com/id/How-to-build-a-laser-general-guide/

We can buy diode laser from: http://www.ekt2.com/EKT/Educational/Led AND Laser/Laser/

21.5 Ordered Materials (Oktober 2016)

« Single or Multi mode fiber optic cable ( 100 m ) with FC/PC connectors.
« Fiber optic coupler 2x2 with FC/UPC connectors.

« Single Fibre Collimator with FC/PC Connector

« FC/PC to FC/PC Adapter and FC/APC to FC/PC Adapter



https://en.wikipedia.org/wiki/Sagnac_effect
https://www.youtube.com/watch?v=AwcQsbgy7AY
http://laserpointerforums.com/f42/diy-homemade-laser-diode-driver-26339.html
https://www.youtube.com/watch?v=IjJWWGPjc-w
http://www.ekt2.com/EKT/Educational/Led_AND_Laser/Laser/

C QB}_/_/_Vf 7 Shenzhen Bynet Communication Technology Co., Ltd

Add: 3/F, Building 7, Jiayiyuan Science and Techo. Park, Hua ning Road, Dalang, Longhua Town,Shenzhen, China, 518109
Tel: 86-755-33673743 Fax: 86-755-33673745
E-mail: sales 13@szbynet.com  Website: www.szbynet.com =2

Proforma Invoice

Invoice No.: ~ Invoice Date: 14/0ct/2016

Buyer: 5 Shipping Date:
-, Add.: Shipped by:
Attn: - Destination: Lebanon
Tel: < = P/O NO.
X QTY | U/PRICE T/PRICE
No. Item Number Goods and Description (PCSJ | (uSD) (USD)
PRICE TERM: FOB SHENZH
1 Optical Fused Coupler FBT 2x2/ mini module Fiber Optical Splitter 4 4.28 17.10
2 Fiber optical FC/PC to FC/PC Adapter and FC/APC to FC/PC Adapter 10 0.35 3.53
3 patch cord cable single-mode simplex 3 mm 100m with FC/PC Connectors 5 6.42 32.10
4 Single Fiber Collimator with FC/PC connector/ferrule 4 3.20 12.80
5 shipping fee 95.78
TOTAL 161.31

TOTAL: SAY USD SEVENTY THREE DOLLAR AND SIXTY TWO CENT

Payment term: 30 days credit date of invoice

1. Payment to the seller's following account when order confirmation:

BENEFICIARY: OVEROCEAN PHOTONICS TECHNOLOGY LIMITED

ACCOUNT NO.: 2204593108001

ACCOUNT BANK: Wing Hang Bank (China) Limited Shenzhen Branch

BANK ADDRESS: 5F, Shun Hing Square,Di Wang Commercial Centre,No. 5002, Shennan Road East,Shenzhen China
SWIFT CODE: WIHBCNBXSZB

2, Bynet will only be held liable for local bank charges only.

Buyer: Seller: Shenzhen Bynet GOy

Authorized Signature

Additionnally: Customs (in Lebanon: about 603$) (about 100% of original material cost
without shipping)
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Inertial Measurement Unit

21.5.1.1 Fiber optic cable

i
i

SOURCE cere




21.5.1.2 Fiber optic coupler
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Inertial Measurement Unit

21.5.1.3 Single Fibre Collimator and FC/PC to FC/PC Adapter

3 )

,';) FC Adaptor
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21.5.1.4 Packed
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22 Concept for star camera®

22.1 Specifications of a Star Camera for CubeSat Applications

|

000080004

The Space Dynamics Laboratory (SDL) has developed a miniature
Star Camera based on its Digital Imaging Space Camera (DISC)
product line. The DISC Star Camera is a science-enabling
technology for missions that require more stringent pointing
knowledge than is currently available on extremely small
satellites. Using a radiation-hardened focal plane, it is able to

detect down to magnitude 6 stars.

STAR TRACKER OPTION

Also available is SDL's DISC Star Tracking Algorithm with a
complete 'Lost in Space’ solution for each image. The algorithm
computes a quaternion that rotates the bore of each image to the

J2000 inertial coordinate frame of the Hipparcos Star Catalog.

SPECIFICATIONS
POWER <1W

MASS 0.8kg
DIMENSIONS 96 x 96 x 70 mm

FEATURES
« Designed specifically for star imaging
« Sized to fit in a CubeSat
+ HAS2 RadHard CMOS FPA
« 60 mm aperture, 13° FOV
« SpaceWire interface
« High-quality, custom optics

« Optional radiation tolerant version

@ LABORATORY

]
Space Dynamics
Utah State University Research Foundation

1695 North Research Park Way « North Logan, Utah 84341 - Phone 435.713.3400 - www.sdl.usu.edu

2 practical work of Houssam Barbara
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22.2 Design and Prototype of a Star Camera (OPAL)

DISC Camera Lsefngs Objective  Entrance
Mount Lens  Aperture
Bandpass .

Filters  Slit
Assembly

/

\ Holographic

Grating

Prototype OPAL. (Image: Jacob Givens)

High spatial and temporal resolution data on temperatures and winds in the thermo-sphere are
needed by both the space weather and earth climate modeling communities. To address this need,
Space Dynamics Laboratory (SDL) started the Profling Oxygen Emissions of the Thermosphere
(POET) program. POET consists of a series of sensors designed to y on sounding rockets, CubeSats, or
larger platforms, such as IridiumNEXT Sensor-PODS. While each sensor design is different, they all

use characteristics of oxygen optical emissions to measure space weather properties.

Interferogram Simulation

Wl vinci- 0

wind =200 m's

Wind is indicated
by fringe distortion.

L1 xe m t e L]} T® ;e
-45° aftview +45° forward view
* 10 mm FPthickness, finessa5

+ 1.4x beam expansion

* 6.6° FOV (square) Shot-noise simulated
* 630 nm atomic oxygen line @ 500K at each pixel.
* 5 km vertical resolution = 30 pixels

Fig. 2.8: Interferogram simulation.



forward
view
—— R
f:2.6
i <[] Nelamp
{ '

/ ' narrow-
aft field- I Tband  $47mm

view sharing | | R f21 .
A il calibration §, mirror
S ,J - source S (fold into page)
9 )

3

3 field stoy i
430mm e @Imm filer
s

|
£.26 f2.1 |
|
fold
= mirror

Detector

Fig. 2.9: SEDI Optics. Left image is unfolded. Right image shows optics to scale, folded
into CubeSat form factor.

paired with a standard CMOS or CCD detector or an electron multiplying charge coupled
device (EMCCD). The EMCCD is preferred due to greater sensitivity and reduced noise
characteristics. The preterred device is CCD97-00 Back Illuminated 2-Phase Electron Mul-
tiplying CCD sensor by e2v Technologies, which is shown in Figure 2.10. A space rated

electronics board for this sensor will be custom built by SDL.

2.3 Could SEDI Replace OPAL?
It is possible to determine temperature from Doppler broadening of known emission
lines. Since SEDI has the sensitivity to measure Doppler shifts, it could also measure

Doppler broadening. Unfortunately, the high spectral sensitivity of SEDI requires a large

Fig. 2.10: Electron Multiplying Charge Coupled Device (EMCCD) by e2v Technologies.
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Fig. 2.12: OPAL in a SensorPODS configuration.



Fig. 2.13: Measurement areas from different platforms.

constellation will provide spatial and temporal resolution never before possible at a cost
consistent with NASA Edison or similar programs. OPAL will operate from a 3U CubeSat

platform shown in Figure 2.14.
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23 Basics for satellite chemical propulsion units

23.1 Elements of chem. proulsion units for satellites

Contact

UNIFIED PROPULSION SYSTEM

CHEMICAL ORBITAL PROPULSION
MODULE FOR GEO MISSIONS

© AR

DEFENCE & SPACE

CHEMICAL ORBITAL PROPULSION MODULE

Chemical Orbital Propulsion Module for transfer orbit, attitude maneuver during transfer orbit, station Arbus DOanco and Spac peovioos t 3 v
keeping and deorbiting. ppOrt for SySHEM architecture and dasgn up 1o propatant load

Kick-off

Start of S o uPs
Main Subsystems and Components: Koy Features In-Orbit = = Dellvery to

Propulsion System Operations Customer

Launch

System Test
at Satellite

Centr;

with Launcher Intertace Ring
Propulsio

al Controd
Shipment to
Launch Sito

Bi-propellant UPS B2 Bi-propellant UPS B3 Bi-propellant UPS C3

Propetant Losdng M llant Loacang Ma:

MMM
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Chemical Propulsion Unit

23.1.1 Space Propulsion Tanks

EPDM - BLADDER TANK BT 01/0

EPDM - Bladder Tank BT 01/0

Tank Net Volume

Max. Propellant Volume
Propellant

Pressurant Gas

Maximum Expected Operating Pressure
(MEOP)

Proof Pressure
(1.5 x MEOP)

Burst Pressure
(2.0 x MEOP)

Interface Fixation
Materials

- Pressure Vessel
- Gas & Propellant Ports
- Bladder

Tank Mass
Project Application

EPDM - Bladder Tank Interface Drawing

58 Litres

39 Litres

Hydrazine (N, H, )

Helium (He) or Nitrogen (N, )
26 bar

39 bar
52 bar

5 Fixation Holes o 8H7

TiBAI4V Hemispheres 3.7164.1 (SPF)
TiBAIAV (3.7164.1)
Ethylene-Propyiene-Diene Monomer
(EPDM)

< 8.5 kg (exclusive Support Structure)
Ariane 5 SCA, ARD

263,80

474, S,




SURFACE TENSION PROPELLANT TANK OST 21/0

Tank Net Volume
Propellants
Geometrical Shape
Interface Fixation

Materials
- Pressure Vessel
- Suspension/Ports
- PMD
- Screens

Tank Mass
Project Involvement

SECTION A-A

L2
26,35,

570,53

T

235 Litres
MON respectively MMH
Spherical with a cylindrical intersection

12 Suspension Tabs with floating nuts
M6 x 1 (e.g.

TIGAI4V STA (3.7164.7)
TIBAI4V (3.7164.1)
Ti99.4 (3.7034.1) and TIBAI4V (3.7164.1)

304L (1.4306); qualified also
for Ti99.4 (3.7025.1)

16 kg
Amos

w2
GAS PORT

CEI Wy
=
Lime
EE

PROPELLANT PORT
TURNED 67 45'

20

< [ %

@0. 82 1
| o R
A A
SYSTEM SKETCH

TANC FIXATION
.1 S

21 ORIGIN OF COCRDINATES

1) CEMTER OF CRAVITY
TREF T ANDSS9 1IN/ 008 /LR

Pressurant Gas: Helium (He) or Nitrogene (N,)

Maximum Expected
Operating Pressure (MEOP): 22.0 bar
Proof Pressure (1.5 x MEOP): 33.0 bar

' - Burst Pressure (2.0 x MEOP): 44.0 bar
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Chemical Propulsion Unit

23.1.2 Space Propulsion Valves

ORBITAL PROPULSION FLUIDIC EQUIPMENT

PYROVALVES

FILL, DRAIN AND VENT VALVES

LATCH VALVES

XENON REGULATOR AND FEED SYSTEM
FLOW CONTROL VALVE

. l.(h
‘.\}; v“"‘l

¥

s
\\

\

© AIRBUS

DEFENCE & SPACE

ORBITAL PROPULSION FLUIDIC EQUIPMENT

TR S Pyrovalves
o b ot i At el g peP oy Fill, Drain and Vent Valves
st Latch Valves

Xenon Regulator Feed System
Flow Control Valve
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Chemical Propulsion Unit

_ m m bob—o

Operating Media Moromethyl Hydraone W) Monometd Hydrane (MMH] Helurn fHigh Pressuney

Mass <008 kg s 0.08 kg = 006 kg

Total Langth 1088 + 1 mm 107.2 £ 1mm B45 2 1 mm

Standard Tube Dimensions:

- cater dismates 4 2 0.02mm .4 £ 002 MM fid 2 002 mm
- Innar diamater 558+ 011 mm 5.58 + 002 mm 4 98 + 0.02 mm

Tube Langth A3 mm 43 mm A3mm
WIE" - 15 LNJF - 34 M1Ze15-FH

Aduptar Thead

ok Fequineg Fa

Pl Couping il couplng

Lifa

« Operational Lite About 16 years About 16 years
- Storaga LHg Lip %0 5 yRars in a potacted Up 10 5 yaars In a protected

envennment eneonmant

OpenCiose Cycles 40 Gy A Cycen 40 Cydles.

Standard Oparating Temp. -30°C to BOPC AT fa B

Leakage

- exiomal Leakage 104 scofsnc GHe « 1310 sooisec GHe. « 1x10* socisec GHe
1ot « 2 B0 socisec GHe < 2. 810" socisec GHa
o010 ‘ Orbital Propulsion Fluidic Equipment

LATCH VALVES

The Alrbus DS low pressure latching valve (named hereafter
LPLV or LV) is a solenoid-operated, bi-stable valve construct-
ed essentiall of stalnless steel and qualfied to operate with a
number of different working media, Including hydrazine and its
most common derivatives.

The LPLV provided by Airbus DS represents the switchable,
tully reliable safety barrier in the propeliant fiow between tank
and thrusters. It is equipped with a back-rellef-function protect-
ing the downstream lines and equipment against over-pressure
(e.0. due to environmental effects).

For switching 2 electromagnetic colls are to be activated to
change the status of the valve to open or closed. Switching can
be performed by using a non-reguiated supply within a range
of 22VDC < 28VDG < 38 VDC. At room-temperature the LPLV
can be closed or opened within a switch-time of 30ms while the
cycle-time Is defined to 50ms.

A microswitch s Installed for position Indication, activated by a
pin, which is directly mounted on the LPLV-anchor.

The variant with welded interface s identical to the screwed
terface one except for the tubing connection.

Latch Valve Techni haracteristics
E="" ST T

Tubing Interface 1/4Inch
Mass 5459
Operating voltage 2232 VDC
Response time <30ms

Coll resistance 3750£150
Max.operating pressure 24,25 bar
Back-Rellef Pressure 8to 14 bar

Flow Rate and Pressure Drop

Fluid Compatibllity

- intenal Leakage

<0.15barat 45 /s

Screwed or welded versions available

Up to 50VDG for 50ms switching puises
Opening and Closing;

At ambient temperature

Specified value; higher values possible

Flow rates up to > 20g/s usable

Water, hydrazine, MMH, NTO, IPA,
He, N,, Xe and others

9° G to 50° C for use with hydrazine

Opening/Closing cycles >500
Operating Temperature
Electrical connection Flying leads AWG26, 2mlong
Leakage
- external Leakage || <10¢sco/s
<5500/ GHe

Low Prossure Hollum Valve Oicisar Fill Vaivo Owidisor vort Vaive High Pressura Xanon Valve

Hhebun [Lirw Pressenrey

= 0.08 kg

45+ 1 mm

A4 £ 002 mm
5.58 + D.0Z mm

43mm

THE - 20 UNJF - 34 - RH

Pecpises COMespondng ground
nalf couping

30°C 10 80°C

« f10% soosec GHe
= 2Ba10* sooimc GHe

Hitrogen Tetrooee (MON) Bitrogen Tetrossce MCH]

008kg < 008k

1088 + 1 mm 1072 + 1 mm

A4 £ 0.02 mm

558+ 0.02 mm

A4 1 0.02 mm
558 + 0,02 mm

&3 mm 43mm

QA1 - 13 UMIF - 34 - LH. 76" - 20 UNIF - 34 - LH.
Fenuies COMBE0ONTING Qrund | | Reauines comesponding ground
it coupiing Pk coupkng

About 16 years

Up 10 5 yRars In & protacted
srwrmnmant

40 Cycies.

HC PG

< 1%10% socisnc GHo < 1310 socisnc GHo
< 2.B¢10 socienc GHe

Bx10* socisne GHe

Heron High Pressuny
<008k

1152 1 mm

642002 mm
49401 mm

&1 mm

M1dx15-FH.
FRB0UIES CONBSpOnong ground
half couping

Abeul 16 years
P %0 5 yRars In  protectid
st

40 Cyties

-30°C o P

#0% sonésns GHo

= 2B10* somens GHo

Orbital Propuision Fluidic Equipment o1

Latch Valve Heritage and Future Missions

Lau

Giotto 1984
Hipparcos 1986
Meteosat 1986+
DFS 1987
Eureca 1900
HAPS. 1990
150 1902
SOHO 1995
Galileo I0C 2010-
Plsiades 2011-
Spot 6 2012
Sentinel-1A 2014
Granysn Sapary 0t
Spot7 2014
Sentinel-2A 2015
Seosat-Ingenio 2015
cso 2016
Sentinel-18 2016
Sentinel-28 2016
Sentinel-5 Precursor 2016

88
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012 | Ol Propuision Fic Otita Propuision Fidc Equpment. | 013
XENON REGULATOR FEED SYSTEM (XRFS) XHED Slerfage o
Future Missions
The XRFS is a bang-bang pressure reguiator. It uses a system  The valves are arranged in 2 parallel redundant branches.
of valves, planum volume, pressura ransducars and flow re- Each branch a serial arrangement of 3 isolated and reg
strictors to down reguiata tha high pressure of the xenon pro- Uiating solenoid valves is capable of ulfling tha mission
pallant under which it is stored in the Xanon Storage Tank to the requirements INMARSAT 4 PFM 2005
Supply prassura required by the Xanon Flow Controler 0FC). 115 nserted fiow restrictors limi the planum fling rate BAREATAFMZ || 2006
The main componanisof e XHES are > The plenum volume which is sized in order fo ensure the e Il | R
> Theinlet fiter protacis the XRFS and the thruster modules beginning of ife vala ‘open’ times limits the number of KASAT 2010
downstream from any anomalous particulate contamina- requlator vaiva cycles required by tha systam mission i S i
o el 0
fion which could degrad the performance of the XRFS > The two high pressure and four low-prassure transducers R
and the thrustor modules iz YASAT 18 2012
(TAR) monitor tha et and outlet pressure il i
R Tho beed P mpoads s o canyenens Snd 1o > Thermal hardware. Electronic circuis with thermistors i
n measure the XRFS temperature. Heaters and tharmostats SES10 -
> The pipeworks feed the gas ensura the maintaning of a minimum hardware fempara- SyBrazi-{ 2018
- The vaive block at th base of the plenum is equipped Ammdat e
with normally closad solenoid valvas The XRFS provides a high degres of redundancy (ssries and
paralie) and failre tolerance, to ensura the refiabty and func
ion during the whole mission
XRFS Koy Tochnical Characteristics
"Bang bang" type reguiator (pulsing valves) wih
Regulator Type two paralll recundant reguiation branches, each
branch baing twice redundant
The maximum possibls flow rate is imited by
upstream prassire and smallest diametar in the
Flow Control system's flow path. The actual flow is controlled by
requiation of the pressure within the planum
Inlet Pressure 3to 120 bar
Outlet Pressure 265 bar + 02 bar
Leakage
_ external Leakage || < 1x10% soc/s GHe
 internal Leakage || <2x10+soc/s GHe
Flow Rate > mg/s gaseous xenon
Flow Restrictor 48800 Lohms
Total propellant throughput 300 kg max
Mass <59kg
Dimensions 4435 mm x 278 mm x 228 mm {plenurm)
Temperature Range 27 C°to 45 C° (operating)
Design Life 15 yoars
Cycle Life 1.000.000 quaified
Reliability >0998
Mechanical Interface 1/4* diameter ttanium pipes (TRAR.5V)
Electrical Interface D-Sub Connectors
014 Orbitsl Proputsion Fluidc Equipment Orbital Propulsion Fluidic Equipment 015

400N APOGEE ENGINE FLOW CONTROL VALVE

The 400N flow control valve is an electromagnetic controlled, normally closed valve with a non siiding » 180 =

-
fit suspended armature design and has redundant aectric coils. The mowing part, called magnatic
plunger, is actuated with the magnetic forca induced by the coil when supplied by direct currant voltage.

With no voltage applied, the magnetic piunger retums to closed position thanks to the two ERE_
proloaded membrane springs. The spring preload compresses the PTFE poppat on the me
talic seats and enables to meat tha required tightness level, After energizing of the cod, the
valve opens and the flow passes through an annuar gap. At the iniat of the valve a 40y
fiter is located to protect the PTFE seat for any polltion.

Mora than 100 units wera successfully build and more than 80 successfully used on
Airbus DS 400N angine in orbit

400N Apogee Engine Flow Control Valve (FCV) Key Technical Characteristics

Dual-coil-solenoid monostable bipropeliant

Vahvg lyp engina valve (Normaly-Closed), non siding fit
Operating Voltage per Coil Voo 211027

Coil resistance Ohms 20+ 1at21°C

Power dissipation Watt 384 at 27 VDC

Response time (20°C) ms

Pull-in vDC

Drop-out voe

Holding Voltage per Coil VDG

Max inlet pressure (operational domain) | | bar

Burst pressure bar 88

Flow Rate / Pressure Drop
Compatible Media

max 1.1 bar at 70 g/s H20
NTO, MMH, water

Seat matenial PTFE
Other materials in contact with media AISI 430, AIS| 347, Eigioy
Leakage
- external Leakage | | scc/s < Ix10E*
- internal Leakage | | soc/s < 5xi0E+
Electrical connection AWG24 fiying leads acc. ESA ECSS 3901.002

1.7m (4 sngle wires)

Media inlet connector AN4 7/16 - 20 UNJF - 3A

Inlet filter Mesh type, stainless stesl, <40um
Temperatures
Operating || °C to 115°C
Acceptance C °C to 120°C
Qualification °C -10°C 0 125°C
Number of open/ciose cycles 5000
Life time years 16

Outer cail

|Membrane

c plunger
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Chemical Propulsion Unit

23.2 Instruments for Test Environment for Chemical Propulsion Unit:

The main element that will be used for the propulsion unit are tanks, valves, filters and gauges. With

the necessary controlling board and electric elements.

23.2.1 Types of Valves

The type of disk will decide the type of valve. Most common types of Check valves are
e Swing Type.
o Top Hinged
o Tilting disk

e Lift Type
o Piston Type
o Ball type

e Dual Plate Type
e Stop Check Valve

23.2.1.1 Check Valve®

The valve that used to prevent backflow in a piping system is known as a check valve. It is also
known as a non-return valve or NRV. The pressure of the fluid passing through a pipeline opens the
valve, while any reversal of flow will close the valve. It allows full unobstructed flow and
automatically shuts as pressure decreases. The exact operation will vary depending on the

mechanism of the valve.

Sr No Check Valve

1 |Body ©\‘T:h
2 |Cover plate =

3 |Disc

4 |Bodyseats

5 |[Hinge

6 [Hinge pin

7 |Nut

8 |Cotter pin

9  |nuts

10 |Stud bolts

11 |gasket

12 |Washer ,

Figure 23-1: Schematic and description of Check Valve

23.2.1.2 Tank Vent Valve®

Prevents vapors from the tank from escaping into the atmosphere. Once the pressure build to a certain level the
vent will allow the excape of some vapor to sustain the desired pressure

2 https://hardhatengineer.com/what-is-check-valves-types-parts/

24 https://www.samarins.com/glossary/vent-valve.html
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Tank Vent Valves

In-Line Valves Tank Mount Valves

Figure 23-2:Tank Vent Valve

23.2.1.3 High Pressure Gas Valve®
Their are five main types of high pressure gas valves.

a)

b)

d)

e)

Relief: Fluid power systems operate within a preset pressure range. This range is a function of the
forces the system must generate to do the required work; if these forces are not controlled or limited,
they can cause damage to the (sometimes extremely) expensive equipment and fluid power components.
Relief valves act as the safeguards which limit maximum pressure by diverting excess oil when the
pressures get too high.

Reducing: Reducing valves are the most practical components when it comes to maintaining secondary,
lower pressure in a hydraulic system. They're the only high pressure valve on this list that remains open
and close when subjected to sufficient downstream pressure. They come in two types: direct acting and
pilot operated.

Sequence: Some circuits have more than one actuator, so it's necessary to drive these actuators (such as
cylinders) in a specific order or sequence. Limit switches, timers, and other electrical control devices are
used for this purpose.

Counterbalance: These high pressure valves are primarily used to set pressure in part of a circuit,
usually to counterbalance a weight or external force. The valve's main port is connected to the cylinder's
rod end, and the pressure setting is slightly higher than that required to keep the load from free-falling.
Unloading: Unsurprisingly, unloading valves are used to unload pumps. They direct pump output flow
(which is usually the output of one pump in a multi-pump system) directly to a reservoir at low pressure
once system pressure has been reached. When an external pilot signal acting on the opposite end of the
valve spool exerts a force large enough to exceed that exerted by the spring, the valve spool shifts and
diverts pump outflow to the reservoir.

23.2.1.4 Gas Bleed Valve:

A bleed valve for bleeding air from a compressor at start-up of a gas turbine engine is self-actuated. The bleed
valve moves between open and closed positions based on the pressure within a compressor. The bleed valve is
driven to an open position at low pressure conditions and to a closed position once the pressure within the
compressor chamber becomes higher and closer to operating pressures. So we can say its normal open valve and
tend to close when turbine start up.

25 https://www.tigervalve.com/how-do-high-pressure-hydraulic-valves-work
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Figure 23-3: Bleed valve used to add or remove liquid form gases or vice versa

23.2.1.5 Drain Valve®

A drain valve is a mechanical device used to release excess or unwanted quantities of liquid or gas from a
storage tank, vessel or container. The valve is usually opened by turning a screw or handle, although some drain
valves are automatically opened when a set pressure or temperature is reached. When the valve is opened, liquid
or air drains from the storage tank due to gravity or pressure differential.

Figure 23-4: Drain valve

23.2.2 Pressure Regulator

A pressure regulator is a control valve that reduces the input pressure of a fluid to a desired value at

its output. Regulators are used for gases and liquids, and can be an integral device with an output

26 https://www.wisegeek.com/what-is-a-drain-valve.htm
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pressure setting, a restrictor and a sensor all in the one body, or consist of a separate pressure sensor,

controller and flow valve.

Oxygen and MAPP gas cylinders with two-stage pressure regulators

Outlet Fressure
Gauge  piaphragm - ::gLudsltement
Y Inlet

.’r(?:_ﬁ'. Gaijge

|
-1
Foppet Single-stage pressure regulator
Outlet Fressure
Gauge Diaphraam == Adjustment
,-L phtad Handle
7
ffi;x".:. Inlet
Y ¥ 3 L] Gauge
) e |
0
&
Poppet My
Valves =

Diaphragm
phrag 1 Factory-Set
Fressure

Valve Two-stage pressure regulator
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23.2.3 Restricting Orifice”

A Restrictive Flow Orifice (RFO) is a type of orifice plate. They are used to limit the potential danger, damage,
or wastage of an uncontrolled flow from, for example, a compressed gas cylinder.They are generally not
limiting the flow during normal operation but if a fault or failure occurs causing uncontrolled flow the orifice
will present a restriction, limiting the flow. The area of the orifice determines the rate of flow at the outlet of a
given process fluid for the specified pressure and temperature. For safety a restriction orifices must be inserted
into the pipeline when a reduction of pressure or a limitation of the flow rate is required.

27 https://en.wikipedia.org/wiki/Restrictive flow orifice
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Figure 23-5: Schematic of a single stage restriction orifice

Orifice plate is a thin plate with an orifice in the middle. It is placed in a pipe where the volumetric flow

measurement needs to be done.

Figure 23-6: Single stage restriction Orifice Plate

When the fluid flows through the orifice in the plate, fluid velocity changes and according to Bernoulli's
equation pressure also changes. By measuring the difference between pressure values immediately before and
after the orifice plate, volumetric flow calculation can be done. In case of restriction orifice, the size of the
orifice is chosen in order to have desired pressure drop across the restriction orifice. This effect is known as

choked flow across the orifice.
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As the name suggests, function of a restriction orifice is to restrict the flow and kill pressure downstream of the
orifice. The restriction orifice size for given flow and downstream pressure limit can be calculated
using EnggCyclopedia’s restriction orifice sizing calculator for gases and EnggCyclopedia’s restriction orifice
sizing calculator for liquids.

23.2.3.1 Single stage multi-hole restriction orifice.

A single stage multi-hole restriction orifice plate is used to abate the noise generated by the device due to high
velocity through the bore which offers restriction to the incoming fluid. The flow at the inlet is now channeled
into several streams through the multiple holes and this reduces the noise which would be otherwise will be
above the acceptable limit if a single hole device is used.

Figure 23-7: Orifice Plate with multi-holes

23.2.3.2 Multi-stage restriction orifice plate assembly.

These devices are used where the pressure reduction ratio is very high and cannot be achieved by a single stage
orifice plate. Thus a multistage device essentially consists of a number of single stage device built in a single
spool. Like a single stage device it can be of single hole multi stage design or multi-hole multi-stage design or
combination of both.

The Restriction Orifices are arranged in eccentric manner, diametrically opposite each other during fabrication
of MRO.

Figure 23-8: Multi-stage restriction orifice plate assembly.
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23.3 Process for the control of the mixture ratio of fuel and oxidizer for a liquid fuel
motor by measuring flows, and control systems for carrying out this process
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From:
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19920004056.pdfhttps://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19920004056.pdf

OVERVIEW OF ROCKET ENGINE CONTROL

Carl F. Lorenzo and Jeffrey L. Musgrave
National Aeronautics and Space Administration
Lewis Research Center MS 77-1
Cleveland, OH 44135

Abstract

This paper broadly covers the issues of Chemical Rocket Engine Control. The basic feedback information and
control variables used in expendable and reusable rocket engines, such as the Space Shuttle Main Engine are
discussed. The deficiencies of current approaches are considered and a brief introduction to Intelligent Control
Systems for rocket engines (and vehicles) is presented.

INTRODUCTION

The purpose of this paper is to give a broad overview of Chemical Rocket Engine (CRE) control as background
for Nuclear Thermal Rocket Engine control. The paper will discuss the fundamental (underlying) physical issues
in CRE control. A brief discussion of modem CREs and their control will follow. This will include a discussion
of the Space Shuttle Main Engine (SSME). Recent advanced control approaches for the SSME will be presented
along with the benefits which ensuve. Current research into Intelligent Control Systems for the SSME which allows
high levels of adaptability to engine degradations will be discussed. Finally the connections of current chemical
rocket engine controls research to nuclear rocket controls will be explored.
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HGUHE 1. Prassure Fud Bi-Propellant
Rocket Engine Schematic.

FUNDAMENTALS OF CHEMICAL ROCKET ENGINE CONTROL

The fundamentals of CRE control are best explained by starting with a
simplified configuration (Figure 1). This pressure fed rocket engine supplies
propellants through appropriate feedlines, control valves and injector elements
to a main combustion chamber by pressurizing the supply tanks. The chamber
requires the propellants to be delivered in a predetermined ratio (mixture ratio),
defined as

MR = = N

and at a flow rate level related to the desired thrust. The fundamental function
of a rocket engine control is to control thrust (inferred by chamber pressure)
and the mixture ratio. The mixture ratio is important since for any propellant
combination and pressure level, it sets the combustion temperature and hence
the performance and the maximum material temperature. It is also important
in terms of propellant utilization,

The basic dynamic equations are found in (Lee et al. 1953). The chamber
pressure (P,) to total weight flow (w,) transfer function is given by

}vhere (c’/Arg) is a proportionality constant, o is the combustion delay and t
is the chamber fill time (7 ~ ¢’A,gV /RT,) where " is the characteristic exhaust
velocity, Ay, T, and V_ represent the throat area, combustion temperature, and

Pis) (e e—w]
w(s) Aghrs+l

2)

main chamber volume respectively. In linear form the injectors are flow resistors 50 that

W) =V S) #Woi(5) =K\ (P, _(5) =P (5)) +kofP, (5) -P (s))

3)

where P, is the injector pressure. The feedline can be represented in lumped parameter form (continuity and
momentum equations) or distributed hyperbolic form (wave equation). In this configuration there are two inputs,
namely the valve areas (positions) which control the individual propellant flows and hence the chamber pressure and

mixture ratio. PN

A classical control for this simplified configuration is
shown in Figure 2. The following observations are made.
Chamber pressure responds to total weight flow. Therefore
the chamber pressure flow loop would usually (but not
necessarily) go with the propellant having the higher flow
rate say O, in an H, - O, engine. Also the two loops tend
to be interactive and to minimize excursions of the error
signals, one loop is tuned to be the "fast”" loop and the
other slower. Experience shows that the mixture ratio
should be the fast loop. This minimizes excursions in MR
away from the set point which in tum keeps the gas and
metal temperatures at the design conditions. The chamber
pressure is the "slower” loop and its bandwidth is set by
thrust response requirements. The type of control shown
here would nommally require three measurements

P, W, and w_  with two control inputs (valve areas)

A, and A_. These basic ideas dominate CRE control
design for much more complex cycles.



23.3.1 Classical Control for Bi-Propellant Rocket Engine

From:
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19920004056.pdfhttps://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/19920004056.pdf
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FIGURE 2. Classical Control for
Bi-Propellant Rocket Engine.

23.3.2 Further Literature

https://en.wikipedia.org/wiki/Pressure-fed engine

https://pdfs.semanticscholar.org/f45b/553398867943f824682ab56af28152dc90d7.pdf

https://patents.google.com/patent/US4541238

https://en.wikipedia.org/wiki/Air%E2%80%93fuel ratio
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Fig. 1 Diagram of a typical thermal mass flow controller.
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Fig. 3 Diagram of a typical pressure-based mass flow controller.



23.4 Combustion of the Oxidizer/Fuel Mixture?®?°

NATIONAL AERONAUTICS  Text only site FIND IT @ NASA
AND SPACE ADMINISTRATION i ]

Combustion

Fuel

o

Exhaust

Heat

e

To launch a rocket or to move a rocket through space, we must use a propulsion system to generate thrust. Thrust is
generated through an application of Newton's third law of motion; a working gas is accelerated to the rear of the rocket
engine, and the re-action is a thrust force applied to the engine in the foward direction. In solid and liquid fueled rocket
engines, the working gas is produced through the burning of a fuel to produce power. Burning a fuel is called combustion, a
chemical process that we study in middle or high school.

2 https://www.grc.nasa.gov/WWW/K-12/rocket/combst1.html
2 https://www.grc.nasa.gov/WWW/K-12/rocket/
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_,A._ Rocket Propulsion Analysis (Standard Edition, evaluation copy - trial version)

File View Run Help

= ix | 0
Chamber pressure: |68 | atm A
System: Bipropellant -
Mixture ratio: |1.3 | 0OfF ¥ | mixture mass ratio (oxidizer/fuel)
Oxidizer: Fuel:
Species MF T Unit p Unit Species MF T Unit p Unit
oL 1 K MPa C2H5... 1 K MPa
£ >
Sum of all the mass fractions: 1 Sum of all the mass fractions: 1
Add Define new Remove Normalize Add Define new Remaove Normalize

Nozzle exit conditions

O pressure: 1 atm -
() expansion area ratio: (A=fAt)
(@) expansion pressure ratio: 68 | (p</pe)

Sections are designated as follows: ¢= combustion chamber, { = nozzle throat, e = nozzle exit.

Engine performance:

Parameter Sea level Optimum expansion Vacuum Unit
Characteristic velocity 1649.78 m/s
Effective exhaust velocity 2691.08 26091.08 2926.34 m/s
Specific impulse (by mass) 2691.08 2691.08 2926.34 N-s/kg
Specific impulse (by weight)  274.41 27441 29840 s
Thrust coefficient 1.6312 16312 17738

Propellant mixture ratio O/F % [N.s/kg]: 1.3
!!' For Fuel: 75% Ethanol and Oxidizer: Liquid Oxygen.

(At Pc=68 atm — Pe=1 atm e=exit, c=combustion chamber)

Rockets burn huge amounts of fuel very quickly to reach escape velocity of at least 25,000 mph (7
miles per second or 40,000 km/h).

30 http://www.braeunig.us/space/propel.htm
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ROCKET PROPELLANT PERFORMANCE

Combustion chamber pressure, P. = 68 atm (1000 PSI) ... Nozzle exit pressure, Pe = 1 atm

Oxidizer Fuel Hypergolic Mixture Ratio S;z(;::lfecallr:‘ll):ll)se D((e:;l-tsyllllnél.)ﬁl)se
Liquid Hydrogen No 5.00 381 124
Liquid Methane No 20, 299 235
Ethanol + 25% water No 1.29 269 264
o aen Kerosene No 2.29 289 294
Hydrazine No 0.74 303 321
MMH No 1515 300 298
UDMH No 1.38 297 286
50-50 No 1.06 300 300
Hqid Eluorine Liquid Hyd.rogen Yes 6.00 400 155
Hydrazine Yes 1.82 338 432
FLOX-70 Kerosene Yes 3.80 320 385
Kerosene No 3.53 267 330
Hydrazine Yes 1.08 286 342
Nitrogen Tetroxide MMH Yes .73 280 325
UDMH Yes 2.10 277 316
50-50 Yes 1.59 280 326
Kerosene No 4.42 256 335
Red-Fuming Nitric Acid Hydrazine Yes 1.28 276 341
(14% N,Og) MMH Yes 2.13 269 328
UDMH Yes 2.60 266 321
50-50 Yes 1.94 270 329
Hydrogen Peroxide Kerosene No 7.84 258 324
(85% concentration) Hydrazine Yes 2.15 269 328
Nitrous Oxide HTPB (solid) No 6.48 248 290
Chlorine Pentafluoride Hydrazine Yes 2.12 297 439
Ammonium Perchlorate Aluminum + HTPB (a) No 2812 277 474
(solid) Aluminum + PBAN (b) No 2.33 277 476
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24 Construction of Test Rig for Chemical Propulsion Unit

24.1 Schematic Flow Diagram
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Figure 24-1: Schematic Flow Diagram of a liquid propellant rocket engine with a gas pressure feed
system. The dashed lines show a second thrust chamber, but some engines have more than a dozen thrust
chambers supplies by the same feed system, also shown are components needed for stat and stop,
controlling tank pressure, filling propellants and pressurizing gas, draining or flashing out remaining
propellant, tanks pressure relief or venting, and several sensors.
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24.2 Specification

CHEMICAL ORBITAL PROPULSION MODULE

Chemical Orbital Propulsion Module for transfer orbit, attitude maneuver during transfer orbit, station
keeping and deorbiting.
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EPDM - BLADDER TANK BT 01/0

Tank Net Volume 58 Litres
Max. Propeliant Volume 30 Litres
Propellant Hydrazine (N, H, )
Pressurant Gas Helium (He) or Nitrogen (N, )
Maximum Expected Operating Pressure 26 bar
(MEOP)
Proof Pressure 39 bar
(1.5 x MEOP)
Burst Pressure 52 bar
(2.0 x MEOP)
Interface Fixation 5 Fixation Holes o0 8HT
Materials
- Pressure Vessel T16AI4V Hemispheres 3.7164.1 (SPF)
- Gas & Propellant Ports TiBAI4V (3.7164.1)
- Bladder Ethylens-Propyiene-Diens Monomer
(EPDM)
Tank Mass < 8.5 kg (axclusive Support Structurs)
Project Appiication Ariane 5 SCA, ARD

EPDM - Bladder Tank Interface Drawing
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24 .3 CostEstimation

IAP-SAT Testrig chem. Prop. Parts List

Oxidizer Tank (LOX)

Fuel Tank (Bioethanol)

High pressure tank (He)

Thrust Chamber

g W(N(F-

High pressure gas valve (remote control)

6a

Propellant valve (remote control)

6b

Propellant valve (remote control)

Restricting orifice

8a

Filter

8b

Filter

9a

Drain valve (Abflussventil)

9b

Drain valve

10

Gais fill valve

11

Gas bleed valve

12

Gauge

13

Filter

14

Pressure Regulator

15

Gauge

16a

Tank vent valve

16b

Tank vent valve

17a

Check valve

17b

Check valve

Cost

$300
$100
$250
$80
$200
$200
$200
$50
$50
$50
$20
$20
$30
$30
$50
$30
$50
$20
$20
$20
$20
$20
$1.810

Flasche

Total
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24 4 Total Assembly (FreeCAD)

M T LT T 1T

Assembly h

Total Assembly.FCStd
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24.5 Components:

In this section, the main element needed for building the propulsion unit will be presented.

All the elements will be drawn using FreeCAD and will have a 3D shape.

24.5.1 Oxidizer/Fuel Tank

Figure 24-2: Oxidizer and fuel tank

Oxidizer and Fuel Tanks m

FUel.FCStd

24.5.2
Oxidizer Tank Storage Temperature: 90.17 K, -182.83 °C.
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24.5.3 High Pressure Gas Supply Tank

Figure 24-3: High pressure gas tank

High Pressure Gas Supply Tank h

HP gas supply
tank.FCStd

Pressurant Tank (Helium): Pressure 400bar, Temp 300K
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24.5.4 Frame

Figure 24-4: Test rig

Test Rig h

Test Rig1l.FCStd
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24 5.5 Satellite Thrust Chamber

Figure 24-5: Thrust Chamber

Rocket Thrust Chamber h

thrust.FCStd

24 5.6 Filters

Figure 24-6: Filter used for pressured gasses

Filters h

Filter. FCStd
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24.5.7 Gas fill valve

Figure 24-7 Gas Fill Valve

Gas Fill Valve h

Gas Fill valve.FCStd
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24 5.8 Filler Neck

Figure 24-8 Filler Neck

Filler Neck m

Filler neck.FCStd

225




Chemical Propulsion Unit

24.5.9 Restriction Orifice (RO) - Flow Control Instrument

Restriction Orifice h

Restricing
Orifice.FCStd

24.5.10 Pressure Regulator

A pressure regulator is a control valve that reduces the input pressure of a fluid to a desired value at
its output. Regulators are used for gases and liquids, and can be an integral device with an output
pressure setting, a restrictor and a sensor all in the one body, or consist of a separate pressure sensor,
controller and flow valve.

Outlet Fressure
. = Adjustment
Ga;ge Diaphragm Hajndle Inlet
nle
Gauge

._

Foppet

Figure 24-9: Single-stage pressure regulator
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Outlet Fressure
Gaige Diaphragm d—l::Ludirnent
z"d-z_\-\.\
'fC'" ) Inlet
Y _ 7 = L] Gauge
n e I
=
("
Foppet e
Valves -

Diaphragm
phrag t Factory-Set
Fressure
“alve

Figure 24-10: Two-stage pressure regulator
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24.6 2D Sketches

24 .6.1 Fuel / Oxidizer Tank

Figure 24-11. Diameter & Thickness of Tank
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Figure 24-12. Length of Tank
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Figure 24-13.Upper Tank Cap (Radius 100mm - Thickness 3mm)

2 x 27mm holes.

1 x 51mm hole.
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Figure 24-14.Bottom Tank Cap

2 x 27mm holes.
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24.6.2 High Pressure Supply Tank

Figure 24-15. Diameter & Thickness of HP Supply Tank

5 mm thickness.
150 mm radius.

2 x 27 mm holes at the top and bottom of the tank.
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Figure 24-16. Length of HP Tank

233



Chemical Propulsion Unit

Figure 24-17. Sketch of HP Tank

24.7 Costs
Table 24-1: IAP-SAT Test rig chem. Prop. Parts List
Number of | Cost Total Cost
Pieces
Oxidizer Tank 1 300%
1 (LOX) $300
Oxidizer (H202) 120% 120% Local
Fuel Tank 1 100%
2 (Bioethanol) $100
Fuel (Bioethanol)
3 High pressure tank 1 $250 250%
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(He)
4 Thrust Chamber 1 $80 80%
High pressure gas 1 50$ Alibaba™
valve (remote
5 control) 503
Propellant valve 2 400%
6 (remote control) $200
7 Restricting orifice 1 $200 200% Alibaba™
8 Filter 3 $50 150%
9 Drain valve 2 $20 40% Alibaba™
10 Gas fill valve 1 $16 16% Alibaba3
11 Gas bleed valve 1 $10 10$ Alibaba™
12 Gage 2 $60 120% Alibaba™
13 Pressure Regulator 1 $50 503
14 Tank vent valve 2 $20 40%
15 Check valve 2 $80 160$ Alibaba®’
Total 20863

24 .8 Pressure Calculation

Using Barlow’s formula relates the internal pressure that a pipe can withstand to its
dimensions and
the strength of its material.

P=(2*S*)/D

where

P = pressure, S = allowable stress, t = wall thickness, D = outside diameter.

This formula figures prominently in the design of autoclaves and other pressure vessels.

For material Stainless Steel 306, assume S=115 MPa

31 https://www.alibaba.com/product-detail/anson-valves-gas-valve-type-
high 60186147305.html?spm=a2700.7724857.discountZoneStyleB top.3.452c2c75e062¢gp
32 https://www.alibaba.com/product-detail/Liquid-Restriction-Orifice-Stainless-Steel-
Water 62239053995.html?spm=a2700.7724857 normallist.10.2f157542 AdaVvw&s=p&bypass=true
3 https://www.alibaba.com/product-detail/KLPT-Two-position-AC220V-Low-
Price_60632633020.html?spm=a2700.7724857 normalList.37.7056422aEvftw1

34 https://www.alibaba.com/product-detail/act-gnv-cng-gas-filling-
valve 62043748852.html?spm=a2700.7724857.discountZoneStyleB top.2.e5544be382dGol

% https://www.alibaba.com/product-detail/Brass-copper-invar-kovar-Monel-
Inconel 62386469364.html?spm=a2700.7724857 . normalList.52.191f6546A0aVYY

% https://www.alibaba.com/product-detail/Digital-air-pressure-gauge-vacuum-
pressure 60649448376.html?spm=a2700.7735675.normall ist.249.f2bc58e5CXhqrf&s=p

37 https://www.alibaba.com/product-detail/RE-TriClamp-Weld-Thread-Sanitary-
Stainless 62267985811.html?spm=a2700.7735675.normalList.79.1608490fwCCKSe&s=p
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https://www.alibaba.com/product-detail/anson-valves-gas-valve-type-high_60186147305.html?spm=a2700.7724857.discountZoneStyleB_top.3.452c2c75eO62gp
https://www.alibaba.com/product-detail/Liquid-Restriction-Orifice-Stainless-Steel-Water_62239053995.html?spm=a2700.7724857.normalList.10.2f157542AdaVvw&s=p&bypass=true
https://www.alibaba.com/product-detail/Liquid-Restriction-Orifice-Stainless-Steel-Water_62239053995.html?spm=a2700.7724857.normalList.10.2f157542AdaVvw&s=p&bypass=true
https://www.alibaba.com/product-detail/KLPT-Two-position-AC220V-Low-Price_60632633020.html?spm=a2700.7724857.normalList.37.7056422aEvftw1
https://www.alibaba.com/product-detail/KLPT-Two-position-AC220V-Low-Price_60632633020.html?spm=a2700.7724857.normalList.37.7056422aEvftw1
https://www.alibaba.com/product-detail/act-gnv-cng-gas-filling-valve_62043748852.html?spm=a2700.7724857.discountZoneStyleB_top.2.e5544be382dGoI
https://www.alibaba.com/product-detail/act-gnv-cng-gas-filling-valve_62043748852.html?spm=a2700.7724857.discountZoneStyleB_top.2.e5544be382dGoI
https://www.alibaba.com/product-detail/Brass-copper-invar-kovar-Monel-Inconel_62386469364.html?spm=a2700.7724857.normalList.52.191f6546A0aVYY
https://www.alibaba.com/product-detail/Brass-copper-invar-kovar-Monel-Inconel_62386469364.html?spm=a2700.7724857.normalList.52.191f6546A0aVYY
https://www.alibaba.com/product-detail/Digital-air-pressure-gauge-vacuum-pressure_60649448376.html?spm=a2700.7735675.normalList.249.f2bc58e5CXhqrf&s=p
https://www.alibaba.com/product-detail/Digital-air-pressure-gauge-vacuum-pressure_60649448376.html?spm=a2700.7735675.normalList.249.f2bc58e5CXhqrf&s=p
https://www.alibaba.com/product-detail/RF-TriClamp-Weld-Thread-Sanitary-Stainless_62267985811.html?spm=a2700.7735675.normalList.79.1608490fwCCKSe&s=p
https://www.alibaba.com/product-detail/RF-TriClamp-Weld-Thread-Sanitary-Stainless_62267985811.html?spm=a2700.7735675.normalList.79.1608490fwCCKSe&s=p
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24.8.1 Pressure of the Fuel/Oxidizer Tanks

Thickness =3 mm
Diameter = 200 mm

Pressure = 34.5 bar

24.8.2 Pressure of the High-Pressure Supply Tank

Thickness =5 mm
Diameter= 300 mm

Pressure = 38.3 bar



Construction of Test Rig for Chemical Propulsion Unit

24.9 Available Components for the Chemical Propulsion Unit Test

Figure 24-18. Test Rig and Tanks
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Figure 24-19. Burner
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25 Mixture Ratio Control and Chamber Pressure Control for Orbit
Attitude Control Engine test rig of IAP-SAT

25.1 Principle and Task
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FIGURE 2. Classical Control for
Bi-Propellant Rocket Engine.

Fuel Tank

Cidizer Tank
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Oxidizer (Hydrogen Peroxide)

Fuel (Ethanol)

Trainee Task: Control with Arduino (Control Design, Implementation and Realization with

Arduino)

Keywords: Control, PID, Combustion Mixture

Sensors: Flowmeters, Pressure transducers.

Only two actuators (control valves upstream from pre-burners) are used to control the

system in a continuous way.

Measured states can be combustion temperatures, cavity pressures, turbo-pumps speed and

some mass flows.

Concerning control inputs, valve positions can be measured; and sometimes there are other

physical parameters or quantities relevant to determine, such as fuel and oxidizer

temperatures or vibrations.
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The sensors required for their control loop are mentioned: flow-rate sensors are installed

prior to the chamber, apart from the typical pressure sensor inside the chamber.

In actual engines in flight, most mass flows are normally not measured. Hence, estimators

have to be used.

25.2 Propellants Used
We have:

Oxidizer: Hydrogen Peroxide 10%

Fuel: Ethanol 95%
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Oxidizer: For 1 liter of (H202) Hydrogen Peroxide 10%: 100ml H20: + 900ml H-O
Fuel: For 1 Liter of (C2HsOH) Ethanol 95%: 950ml C2HsOH + 50ml H0
When mixing:
6 H20: + C:HsOH =2 CO: + 9 H20
For H20:: (density 1.45g/ml)
1 mole = 34g
6x34g =204g
204g / 1.45h/ml = 0.14 liter
0.14 liter H202 + 1.26 liter H2O = 1.4 liter needed from Pharmacy (125ml x 11)

For C:HsOH: (density 0.789g/ml)

1 mole = 46g

46g / 0.789g/ml = 0.058 liter

58ml C:HsOH + 3 ml H2O = 61ml needed from Pharmacy
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O/F: 1406/61= 23

_.‘\._ Rocket Propulsion Analysis (Standard Edition, evaluation copy - trial version)

W x|\ e

Express Thermodynamic Analysis

Chamber pressure: |6 | bar -
System: Bipropellant -
Mixture ratio: optimum ~  optimize mixture ratio for max delivered Is
Oxidizer: Fuel:
Species MF T Unit p Unit Species MF T Unit p Unit
Hz202.. 1 K MPa C2H5... 1 K MPa
< >
Sum of all the mass fractions: 1 Sum of all the mass fractions: 1
Add Define new Remove Hormalize Add Define new Remove Normalize

Nozzle exit conditions

(@ pressure: 1 | atm -
() expansion area ratio: (AefAt)
(O) expansion pressure ratio: (p</pe)

Sections are designated as follows: ¢= combustion chamber, ¢ = nozzle throat, & = nozzle exit.

Engine performance:

Parameter Sea level Optimum expansion Vacuum Unit
Characteristic velocity 1399.88 m/s
Effective exhaust velocity 1590.27 1590.27 1977.26 m/s
Specific impulse (by mass) 1580.27 1590.27 1977.26 N-s/ka
Specific impulse (by weight) 162.16 162.16  201.62 s
Thrust coefficient 1.1360 11360 14124

25.3 Basic Components

25.3.1 Flowmeter®

Quantity: 2

38 https://cnclablb.com/water-flow-sensor.html?search=Water%20flow %20sensor
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Price per unit: 15,775 L.L (11% VAT excluded)
Specification:

The lowest rated working voltage: DC4.5 5V-24V
Maximum operating current: 15 mA (DC 5V)
Working voltage range: DC 5~18 v

Load capacity: =10 mA (DC 5V)

Use temperature: = 80°C

Operating humidity range: 35%~90%RH (no frost)
Allowing pressure: pressure 2.0Mpa
Temperature: -25~+80 °C

External threads: 1/2"

Outer diameter: 20mm

Intake diameter: 9mm

Outlet diameter: 12mm

Application:

Water heaters, credit card machines, water vending machine, flow measurement device!

25.3.2 Solenoid Valve*®

Quantity: 2
Price per unit: 28,429 L.L (11% VAT excluded)

% https://enclablb.com/g34-12v-pp-normally-closed-solenoid-valve-water-diverter-
device.html?search=valve

243


https://cnclablb.com/g34-12v-pp-normally-closed-solenoid-valve-water-diverter-device.html?search=valve
https://cnclablb.com/g34-12v-pp-normally-closed-solenoid-valve-water-diverter-device.html?search=valve

Chemical Propulsion Unit

Specification:

Material: PP

Voltage: about 12V DC

Rated power: about 5W

Operation model: normally closed (N/C)
Pressure: about 0.02 - 0.8Mpa

Port size: about G3/4

Fluid temperature: about 0-100 degrees Celsius

Usage: water and low viscosity fluids

Flow characteristics:
about 0.02Mpa>2L/min;
about 0.10Mpa>10L/min;
about 0.30Mpa>16L/min;
about 0.80Mpa>28L/min

25.4 Assembly
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Chemical Propulsion Unit test rig after connecting the solenoid valves and flowmeter

Sensors.

25.5 Fuel - Oxidizer Mixing Control

The control of the test rig is realized with python on a Raspberry Pi 3. In the following is

described how to learn to work with this environment for whom is totally new to this.

25.5.1 Start learning on Raspberry
25.5.1.1 Step 1 reading book

Reading a book about raspberry pi and how to write code in ¢ ++
The link of this book:

https://bbooks.info/b/w/8873f497932991{0a46529d6b98eea3373f9ad81/exploring-the-
raspberry-pi-2-with-c.pdf

Exploring the
Raspberry Pi 2 with C++

- Warren Gay

25.5.1.2 Step 2 Watch on YouTube
We watched a YouTube video related to LED control
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The title of this video: Writing to GPIO pins in C using wiringPi on the raspberry Pi

WiringPi

* Compiling C Program
* Programming Structures
- Coptrol LED

e
> M @ ow/am PROGRAMMING - C

25.5.1.3 Step 3 Writing code on Raspberry pi

<stdio.h>
<wiringPi.h>

)
printf ("Raspberry Pi blink\n") ;

isetup ()

(LED, WIGH) 3 // &

25.5.1.4 Step 4 Hardware
We installed a resistor with LED on breadboard and connected it on Raspberry PI
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25.5.1.5 Step 5 Result
Some pictures while working and controlling the LED:

CE ot N\\D“’

| ross
|
‘\
|

i

25.5.2 Programming with Python

25.5.2.1 Step 1: write code in new script to control led
Attention: using this raspberry pi you must focus to GPIO.setmode(GPIO.BCM) NOT
.BOARD
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+
18

New Load

1 import RPi.GPIO as GPIO
import time
from time import sleep

N

GPIOD.setwarnings (False) g |
GPIO0.setmode(GPIO0.BCM)
GPIO0.setup(8, GPIO0.OUT,initial=GPIO0.LOW)

oo~ U AW N =

GPI0.output(8, GPIO.HIGH)

10 sleep(1l)

11 GPIO.output(8, GPIO.LOW)

12 sleep(l) I

14 GPIO.output(8, GPIO.HIGH)
15 sleep(l)

16 GPIO0.output(8, GPIO.LOW)
17 sleep(1l)
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25.5.2.3 Note: In the table below focus on gpio pins

25.5.2.4 Testing code for flow sensor

#!/usr/bin/env python
#flowsensor.py

import RPi.GPIO as GPIO
import time, sys
FLOW_SENSOR = 23

GPIO.setmode (GPIO.BCM)
GPIO.setup (FLOW_ SENSOR, GPIO.IN, pull up down = GPIO.PUD UP)

#global count

#count = 0
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def countpulse (channel, start counter):
print ("Bismillah")
print (channel)
# global count
start counter = 1
count = 0
if start counter ==
count += 1
#print count
#flow = count / (60 * 7.5)
#print (flow)
channel= GPIO.add event detect (FLOW SENSOR, GPIO.FALLING,
callback=countpulse)

while True:

try:
start=count - 1
time.sleep (1)
start=count - 1

flow = (count * 60 * 2.25 / 1000)
print ("The flow is:" , flow)
#%.3f Liter/min' % (flow)

count = 0

time.sleep (5)

except KeyboardInterrupt:
print ('\ncaught keyboard interrupt!, bye')
print ("No flow")
GPIO.cleanup ()
sys.exit ()

countpulse (1,2)

25.5.2.5 New test of flow meter sensor

import RPi.GPIO as GPIO

import time, sys

pulse pin = 25

GPIO.setmode (GPIO.BCM)

GPIO.setup (pulse pin, GPIO.IN,pull up down = GPIO.PUD UP)

def countPulsel (channell) :
count+=1
print ("Number of revolution of wheel of flow sensor:")
print (count)

GPIO.add event detect(pulse pin, GPIO.RISING, callback=countPulsel)

try:
while True:
print ("Inside while starting")
time.sleep (10)
print ("Inside while ending")
time.sleep(10)
except keyboardInterrupt:
print ('\ncaught keyboard interrupt!, bye')
GPIO.cleanup ()
sys.exit ()
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e oA B ey

e Today, we're going to modify the code to suit our work with a flow meter sensor

e We will also connect the sensor to the raspberry pi and we will try to reach a result
e We'll also connect the valve to the raspberry pi and we'll control it

e We will write all the writing work on the word

25.5.3 The code of flow meter sensor:
import RPi.GPIO as GPIO
import time, sys

FLOW SENSOR = 23

GPIO.setmode (GPIO.BCM)
GPIO.setup (FLOW SENSOR, GPIO.IN, pull up down = GPIO.PUD UP)

global count
count = 0

def countPulse (channel) :
global count
if start counter ==

count = count+l
# print count
# flow = count / (60 * 7.5)
# print (flow)

GPIO.add event detect (FLOW SENSOR, GPIO.FALLING, callback=countPulse)

while True:

try:
start counter = 1
time.sleep (1)
start counter = 0
flow = (count * 60 * 2.25 / 1000)
print "The flow is: %$.3f Liter/min" % (flow)

count = 0
time.sleep (5)
except KeyboardInterrupt:
print '\ncaught keyboard interrupt!, bye'
GPIO.cleanup ()
sys.exit ()

25.5.4 Hardware for flowmeter sensor: new RaspberryPi
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25.5.5 Test Results

A

L]
M = (count * 66 * 2.25 / 1900
t S'lh. flow 1s: = & nr(flo\):) 4
(5)
boardInterrupt:

“":('g keyboard interrupt©)
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25.5.6 Pins of raspberry pi 3:

LED
3.3V 5V
GPIO 2 (12C1_SDA) 5V
GPIO 3 (12C1_SCL) GND
GPIO 4 (GPCLKO) 4 GPIO 14 (UART_TXD)
GND 8 GPIO 15 (UART_RXD)
GPIO 27 GND
GPIO 22 GPIO 23

3.3V
GPIO 10 (SPI_MOSI)

GPIO 24
GND

GPIO § (SPI_MISO) GPIO 25
GPIO 11 (SPI_SCLK) GPIO 8 (SPI_CEQ)
GND GPIO 7 (SPI_CE1)
ID_SD ID_SC
GPIO § GND
GPIO 6 GPIO 12
GPIO 13 GND
e cro ] GPIO 16
GPIO 26 GPIO20 38 DIN
GND

25.5.7 The code of servo motor (Servo Motor driven Automatic Valve instead of soleonid
valve)

# Import libraries
import RPi.GPIO as GPIO
import time

# Set GPIO numbering mode
GPIO.setmode (GPIO.BOARD)

# Set pin 11 as an output, and set servol as pin 11 as PWM
GPIO.setup(11,GPIO.OUT)
servol = GPIO.PWM(11,50) # Note 11 is pin, 50 = 50Hz pulse

#start PWM running, but with value of 0 (pulse off)
servol.start (0)

print ("Waiting for 2 seconds")

time.sleep (2)

#Let's move the servo!
print ("Rotating 180 degrees in 10 steps")

# Define variable duty
duty = 2

# Loop for duty values from 2 to 12 (0 to 180 degrees)
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while duty <= 12:
servol.ChangeDutyCycle (duty)
time.sleep (1)
duty = duty + 1

# Wait a couple of seconds
time.sleep (2)

# Turn back to 90 degrees

print ("Turning back to 90 degrees for 2 seconds")
servol.ChangeDutyCycle (7)

time.sleep (2)

#turn back to 0 degrees

print ("Turning back to 0 degrees")
servol.ChangeDutyCycle (2)
time.sleep (0.5)
servol.ChangeDutyCycle (0)

#Clean things up at the end
servol.stop ()
GPIO.cleanup ()

print ("Goodbye")

25.5.8 Valve

255



Chemical Propulsion Unit




Mixture Ratio Control and Chamber Pressure Control for Orbit Attitude Control Engine test
rig of IAP-SAT

25.5.9 Mixing Control Testing Algorithm (Valve is moving according to flow sensor)

# Import libraries
import RPi.GPIO as GPIO
import time, sys

FLOW_ SENSOR = 23
SERVO = 11

# Set GPIO numbering mode
GPIO.setmode (GPIO.BCM)

# Set pin 23 as input for the flow sensor

# Set pin 11 as an output, and set servol as pin 11 as PWM
GPIO.setup (FLOW SENSOR, GPIO.IN, pull up down = GPIO.PUD UP)
GPIO.setup (SERVO, GPIO.OUT)

global count
count = 0
start counter = 0

def countPulse (channel) :
global count
if start counter ==

count = count+l
# print count

flow = count / (60 * 7.5)
# print (flow)

servol = GPIO.PWM(11,50) # Note 11 is pin, 50 = 50Hz pulse
GPIO.add event detect (FLOW SENSOR, GPIO.FALLING, callback=countPulse)

#start PWM running, but with value of 0 (pulse off)
servol.start (0)

print ("Waiting for 2 seconds")

time.sleep (2)

#let's move the servo!
print ("Rotating 180 degrees in 10 steps")

# Define variable duty
duty = 2

# Loop for duty values from 2 to 12 (0 to 180 degrees)
while duty <= 12:

servol.ChangeDutyCycle (duty)

time.sleep (1)

duty = duty + 1

# Wait a couple of seconds
time.sleep (2)

# Turn back to 90 degrees

print ("Turning back to 90 degrees for 2 seconds")
servol.ChangeDutyCycle (7)

time.sleep (2)

#turn back to 0 degrees
print ("Turning back to 0 degrees")
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servol.ChangeDutyCycle (2)
time.sleep(0.5)
servol.ChangeDutyCycle (0)
time.sleep(2)

while True:

try:
start counter = 1
time.sleep (1)
start counter = 0
flow = (count * 60 * 2.25 / 1000)
print ("The flow is: " + str(flow) + " Liter/min" )
count = 0

time.sleep (2)
except KeyboardInterrupt:
servol.stop ()
print ("caught keyboard interrupt!")
GPIO.cleanup ()
print ("Goodbye")
sys.exit ()

25.5.9.1 References of control DC motor:

https://www.aranacorp.com/en/control-a-dc-motor-with-raspberry-pi/
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25.5.10 Hardware of servo motor and flow sensor

ﬁ Inport libraries
port RP1.GPIO as GPIO
- mrt tm' ".

FLOW_SENSOR = 23
SERVO = 11

f Set GPIO numbering mode
GPI0. setmode (GPIO0.BCM)

# Set pin 23 as input for

GPI0.setup(FLOW_SENSOR, GPIO. n, m_np_dm -
GPIO. setup(SERVO, mrm

global count

count = @

start_counter = 8

1if start_counter == 1:
count = count+l
print count

flow = count / (68 * 7.5)
# print(flow)

servol = GPIO.PWM(11,58) # Note 11 is pin, 56 = 56Hz pulse

GPXO0.add_event_detect (FLOW_SENSOR, GPIO.FALLING, callback=countPulse)

#start PWM running, but with value of 8 (pulse off)
‘servol.start(e)

int (“Waiting for 2 seconds")
-sleep(2)

#Let's move the servo! 5l
) t ("Rotating 186 degrees in 10 steps )
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25.5.11 Hardware of on/off relay

Because the valve has two directions of moving (1. opening 2. closing) a H bridge is needed

When the valve open
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26 Concept for the Electrical Propulsion Unit*°

26.1 Primitively modeling the chosen Pulsed Plasma Thruster (PPT)

Amongst all the inspected Propulsion systems, PPT was chosen and it had to be designed on
FreeCad.

PPT’s working mechanism was carefully studied and its different components were
identified.
The primitive 2D sketch that our design depends on is below.

Schematic layout of a Pulsed
Plasma Thruster

Anode

Spring
Teflon fuel
block Thrust

Discharge
capacitor

Cathode

Spark plug

The components necessary for the PPT are:

e Parallel anode/cathode plates
e Spark igniter

e Teflon circular block

e Spring system

e High voltage capacitor

Mechanism: The first step of PPT mechanism is plasma formation. An igniter directed to the
solid fuel bar produces a spark that ablates and sublimates the surface of the propellant
forming plasma. Since the plasma is positively charged, it completes the circuit between the
2 plates. The interaction between the formed electric and magnetic field produces a Lorentz

force that acts on the plasma and accelerates it out of the exhaust at high speeds.

26.2 Modeling our PPT design in FreeCad

After identifying the different components of our PPT system and taking into consideration

its working mechanism, the propulsion system was modelled on FreeCad.

The following is the FreeCad model of the PPT:

4 From Ibrahim Ghanim, Practical Work at AECENAR Ras Nhache, July/August 2015
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26.2.1 Modelling “fuel continues supplying system”
Most of propulsion systems use fluid fuel which its supply is easily provided by maintaining
a pressure difference between the fuel reservoir and the ionization chamber. However

pulsed plasma thrusters use solid fuel, that’s why its continuous fuel supply was insured by

a spring system mounted on the fuel rod.

The propulsion unit is designed with a cone shaped ending such that its outer nozzle is
slightly larger than the fuel rod and its inner nozzle is smaller than the fuel rode. A
compressed spring is mounted to the end of the fuel rod such that the rod is always under

pushing force. When the igniter produces a spark and the outer surface of the fuel rod gets
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ablated and sublimated, the spring system pushes the rod inward such that it returns to its

previous position in the propulsion unit.
26.2.2 2D projections of important parts of the propulsion system

1) Propulsion unit
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27 PPT Electrical Propulsion Unit

27.1 Concept for the Electrical Propulsion Unit
See IAP-SAT Report 3 (2015)

Anderung: Eigenfeldantrieb (PPT oder PTT) statt lonenantrieb; da wir damit schon in einer

fritheren Studie begonnen haben.

27.2 Eigenfeldantrieb (PPT)

Betriebszustand: stationdr gepulst
Treibstoffe: Gase, Teflon
Ionisationsgrad: 0.5-1

(T.6.1 aus Raumfahrtsysteme)

27.3 Gepulstes Plasmatriebwerk

27.3.1 Prinzip:

Kondensator

Bl «— Ziindkerze

Kathode

Anode

Funktionsprinzip des gepulsten Plasmatriebwerks
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Schematic layout of a Pulsed

Plasma Thruster

Discharge
capacito

Anode

Thrust

M
r

“Cathode

Spark plug

F= - (poAtcrel + po/ (4] [)I2(3/4+In(ra/1x)))e:

F=IXB

A:: Diisenhalsquerschnitt

to: magnetische Feldkonstante

crel : Schubkoeffizient

ra: Anodenradius: grof3

r«: Kathodenradius:fest

Treibstoff: Teflon: fest.Spart Behalter und weitere Komplikationen wie

z.B Temperaturerhaltung.

Zunder:
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i \
G

;ll@'i_i m

Elektrischer
Funke @

Starter

Die Solarplatten versorgen den Ziinder-Schaltkreis mit Gleichstrom.

Der Unterbrecherkontakt sorgt fiir alternativen Strom. Der ist notwendig
um mit der Ziindspule, die die Rolle eines Transformators spielt, die

Spannung zu erhdhen.

Der Ziindkondensator hat meistens 0.22 uF.

Kondensator:

bei Ziindung auf 500 V aufladen

V=2

Z=1/GCW) => C=1/GZW)=1/((V/D)2]1f)
W=2[Tf

circuit 1

4 thrusters

*En but de chercher la valeur du condensateur, on prends par hypothese que:

Force F=860 uN
Vitesse v=13.7m/s
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Puissance P= 70W

Ona:P=UI; I=(P/U)"=(70/500)">= 0.374 A
I=q.U; q=I/U =0.374/500 =0.027 C

F=q vaB =iaB =i.B.sin(i,B) =i.B ; B=F/i=(860.10°)/0.374 =2.299.10° T

q=C.U ; C=q/U =0.027/500 = 54 pF

27.4 Test Environment for Electrical Propulsion (from [Béhrk et. al. 2007])

From [Bohrk et. al. 2007]:

Position
Koordinatent

Position Trie

Pumpensyst

Kathode
Halbleiterziindkerze

Elektroden variabler
Breite und Hohe



PPT Electrical Propulsion Unit

27.5 Realization

Aluniinium

Transformator

Plastic (Isolator)

spark plug
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28 Electrical Propulsion Test Rig
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Figure 4. Schematic diagram of the experimental system
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29 Electric-Propulsion Test stand (Concept, Design, Manufacturing)

29.1 Basics

/ ' Vacuum chamber 4
f/ e ra |

Capaciton Talzet

Rogowski cgﬁf%
S ) Ry
N¥z= AV AT AV Y AV AV 25 P77 A

Electric edchy
c Ill'.l'L'lJ't serEor

Oscillograph Izniter cwrcut

Computer

Figure 4. Schematic diagram of the experimental system

29.1.1 Vacuum Chamber Technology

All experiments were performed in the vacuum chamber (1 m diam., 1.8 m length) with two
turbomolecular pumping systems ( 2,000 L/s ¥ 2 EA ), a mechanical booster pumping system
and a rotary pumping system. Its degree of vacuum was maintained in the range of 10-4 Pa

(10-6Torr) during each PPT operation.

29.1.1.1 Choosing the Right Vacuum Materials

A Journal of From Practical and Useful Vacuum Technology
By Phil Danielson

An in-depth review of each and every material exposed to the vacuum system is absolutely

essential to ensure a successful system design.

It's no secret to its practitioners that vacuum technology is a demanding discipline. The
technology is unforgiving to the point that you can do almost everything right, but if you
make one mistake, the chamber might not pump down to it’s required level. This means that
a lot of decisions need to be made. Crucial decisions. When you consider that the total

complexity of a vacuum system is greater than the sum of the complexity of its parts, the
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message comes home to you in dire clarity. Each part interacts with every other part, and
that's why a mistake can kill the project. Worse yet, a few really small mistakes can be worse

than one big one. Although this can be daunting, it’s not really as daunting as it sounds.

A little detailed thinking within the basic vacuum relationship Q (Gas Load) = S (Pumping
Speed) x P (Pressure) will provide the guidance and technique. A low value for Q will result
in a lower P with any given S. If, then, we try to keep the total gas load as low as possible, we
have to realize that the most important gas load(s) in most vacuum systems emanate from
the materials exposed to the vacuum. The gas within the chamber prior to pumpdown has
to be removed of course, but this is a much simpler process than dealing with the gas from
the materials. All engineering solutions are a series of successive compromises, and the
choice of vacuum materials is no exception. Choosing the materials to use in a vacuum
system design is not just a case of finding the materials with the lowest gas loads, but to also
consider the various physical or chemical properties that will fulfill the process’s

requirements.

Approximate outgassing rates to use for
choosing vacuum materials or

calculating gas loads
{All rates are for 1 hour of pumping)

Vacuum Material Outgassing Rate
(torr liter/sec/cm’)

Stainless Steel 6x10°

Aluminum 7x10°

Mild Steel 5x 10°

Brass 4x10°

High Density Ceramic 3 x 10

Pyrex 8x10°

Vacuum Material Outgassing Rate

(torr liter/secAinear cm)

Viton (Unbaked) 8x107
Viton (Baked) 4x10°

The universal materials problem that runs through any and all vacuum technology is the
vacuum chamber itself. The material(s) of construction is required to provide as little gas
load as possible while still being strong enough to withstand the forces exerted by the
external atmospheric pressure. The strength issue is easily dealt with by making the walls
thick enough or by adding additional bracing or supports either internally or externally, but
the main problem is found in assessing the possible gas loads. Chambers are commonly
constructed of metals, glasses, ceramics, or plastics. All of these materials have in common
consideration that the internal surfaces will be covered with layers of sorbed water
molecules which will have to be desorbed during the pumpdown. Since most of the water

molecules are sticking to themselves in a bed, the base material doesn’t matter very much
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until enough water has desorbed to leave only a single monolayer on the surface. At this
point, things change. You need a material that doesn’t bond too strongly to the water
molecules. This starts ruling out a lot of plastic materials, but more importantly, you have to
start thinking about gas coming out of the material’s bulk. This, along with surface
desorption, is what we call outgassing. Coupled to this effect is permeation of gases from the
atmosphere through the chamber’s walls, and this includes sealant and/or gasket materials

such as elastomer O-rings.

Other than the consideration of strength and permeation, the same criteria should be applied
to any material exposed to the vacuum. Permeation occurs with most materials, but is often
too small an effect to be of concern. For example, the small amount of atmospheric helium
that permeates into Pyrex bell jar through the glass’s tiny micropores is too small to be of
concern at 10-6 - 10-7 torr, but might be a real problem in a Pyrex system that is expected to
operate at 10-11 torr. In general, though, we can look at materials exposed to the vacuum by
mainly assessing the outgassing rate. Additionally, gas loads can arise by vaporization of the
material itself or from components of the material. High vapor pressure materials are an

obvious problem in terms of contamination of the vacuum space or the process.

Metals are arguably the most prevalent vacuum chamber materials, with stainless steel (SS)
far ahead of other metals such as mild steel (MS) or aluminum (Al) alloys. Since MS is
usually used only for systems that require moderate vacuums above 106 torr, it would seem
that a choice between SS or Al would be sufficient, but this is only the beginning of the
selection process. For example, deciding to use SS doesn’t mean any and all SS alloys. Free-
machining alloys such as 303 SS contain sulfur (S), but the vapor pressure of the S is too high
for high vacuum systems. 304 SS, though, is the most common choice. This helps narrow
things down, but ultrahigh vacuum (UHV) usually requires the low-carbon 304L alloy. What
we're describing here is the process of picking down through the layers to merely define the
overall description of the material, but we have to get deeper yet. The final choice of material
will also depend upon the surface finish to minimize surface area with its resultant lowest

desorption rate per unit area. Then the surface cleaning

needs to be evaluated to ensure that organic contamination is removed and that no porous
welding scale remains. All of this seemingly tiresome detail work is absolutely required to
assure that the minimum gas load is presented by the material. For example, if Al had been
chosen, you’d have to make sure the surface hadn’t been anodized since the oxide film
absorbs large quantities of water vapor and then slowly desorbs them into the vacuum

space.

Sealing materials and gaskets are another extremely important consideration. Total gas loads

emanating from elastomer O-rings can be greater than those from the chamber’s surface. So,
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if you're going to use O-ring seals, you have to do everything possible to reduce the gas
loads. This means using vacuum-baked Orings that have been carefully handled with lint-
free gloves and haven’t been solvent cleaned since the solvents are absorbed and cause
swelling. Swelling increases outgassing and atmospheric permeation. When analyzing the
expected gas loads, then, it might be feasible to consider using metal gaskets and avoiding

the O-ring’s gas loads entirely.

There are a number of other materials that will probably be used in a vacuum system for
very specific applications that are process dependent. This overall category includes
ceramics and glasses that might be used as thermal or electrical insulators, components of
internal arrays, or even plastic substrates. In each case, the same careful assessment is
required to ensure that the gas loads are as small as possible. For example, ceramics are
considered to be good vacuum materials, but only if high-density sintered materials are
used. This differentiates between the insulator in a UHV-rated feedthrough and a piece of
firebrick. Porous materials contain massive amounts of gas. Even normally acceptable metals
such as Al need to be looked at carefully. Household Al foil is often found in systems where
it is used as a chamber liner. This material is coated with peanut oil used as a lubricant in its

manufacture, and it is virtually impossible to remove with solvent cleaning.

In addition to gas load effects, the physical properties of materials need consideration.
Internal arrays are often assembled with SS nuts and bolts that are likely to become heated
by the process.This results in extreme surface galling that can make it impossible to

disassemble the pair, but a thin coating of Milk of Magnesia (unflavored)

QUESTIONS TO ASK YOURSELF
WHEN CHOOSING
VACUUM MATERIALS

1. Have | added up the total gas loads from
all the materials?

2. Have | defined each material well
enough?

3. What would happen to the total gas load
if | substituted for any single material?

4. Does any single material's gas load
dominate over the others?

5. Have | compromised too far or too many
times?

6. Am | really sure that I've looked at every
material?

7. Have | made any mistakes?

brushed on the threads before assembly makes disassembly easy. Sliding surfaces can also
cause galling or sticking problems with pairs such as SS-to-SS, but a coating of molybdenum

disulfide can act as a vacuum-compatible lubricant. These are only a few of the many
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examples of the materials problems that need to be considered, and a successful system

requires a full analysis.

There are a number of materials that need to be avoided whenever possible. High vapor
pressure metals can be a problem, and they can sneak in easily if close attention isn’t given.
Zinc and cadmium-plated nuts and bolts are a prime example. If these materials become
heated during the process, they can sublime within the system to cause metallic
contamination. Additionally, they can form thin oxide coatings that sorb large quantities of
water vapor. The zinc content of brass is often a problem in any but the most non-stringent
requirements. Any material, then, that might vaporize under vacuum needs to be treated

with suspicion. This includes many plastic materials.

Although vacuum technology is unforgiving of mistakes, a careful analysis, in depth, of the
materials that will be exposed to the vacuum system will help avoid those dire mistakes that
can kill a design. Any process will require a number of successive compromises, but adding
up the many gas loads will allow a sensible series of compromises. This is one of those cases

where “the devil’s in the details” really makes sense.

Reprinted by permission by R&D Magazine, all rights reserved. Cahners Business Information. A shorter version
appeared in R&D Magazine, April 2003.

29.1.1.2 Desorbing Water in Vacuum Systems: Bakeout or UV?

Shorter pumpdown times or lower pressures can be achieved by using either bakeout or UV
energy to desorb water vapor. Here’s how to make the choice. Water vapor, desorbing from
the internal surfaces of vacuum systems, is a problem that's common to vacuum technology
as a whole. Every time a vacuum system is opened to ambient air with its attendant
humidity, the internal surfaces become covered with layers upon layers of water molecules.
Every item placed within a vacuum system is likewise covered with water molecules. Every
pumpdown cycle from atmosphere will go through two overlapping stages. Firstly, the
permanent gases making up the air mixture in the system’s volume, such as nitrogen (N2)
and oxygen (O2) will be pumped away. Secondly, the water molecules desorbing from the
internal surfaces must be pumped away. Once the pressure is in the low millitorr range, the
desorbing water makes up over 99% of the total gas load. If, for example, you turn on a
residual gas analyzer (RGA) in the high 10-4 torr range during a pumpdown from air, the O2
and N2 will drop off-scale almost immediately while the water vapor peak will seem to be
fixed. Alternatively, if you pump a system down to its ultimate pressure of, say 10-6 or 10-7
torr, and then backfill it to atmospheric pressure with dry N2, it will pump back down to its
ultimate pressure again in minutes instead of hours. This is explained by the fact that the
pumpdown rate is not controlled by the amount of water vapor within the chamber but by
its desorption rate from the internal surfaces. Since a certain amount of sorbed water had

already been removed by the first pumpdown, the desorption rate is still at the same

279



Electrical Propulsion Unit

lowered level it had been prior to the N2 backfilling, and the low pressure equilibrium could
be quickly re-established. The time vs pressure pumpdown curve, then, will be controlled by
the changing desorption rate of the water molecules from the system’s internal surfaces.
During a pumpdown, the desorption rate will be initially high due to the fact that the last
formed layers will have weaker water-to-water bondsl1,2 than those closer to the chamber
wall. With pumping time, the desorption rate will drop lower and lower as the stronger-
bonded molecules are exposed. Taking the fundamental vacuum relationship Q=SP as
desorption rate = pumping speed x pressure, it is easy to see A Journal of From Practical and
Useful Vacuum Technology By Phil Danielson that the desorption rate needs to fall to some
given point before a given pressure can be achieved with a fixed pumping speed. The normal
desorption of water vapor requires that the molecules absorb enough energy to overcome
their bonds before they can desorb to be pumped away. This is usually due to thermal
energy transferred from the chamber itself to the molecules. It follows, then, that if
additional energy is applied to the molecules, the desorption rate can be increased while the
energy is being applied. If this is done on a temporary basis during a pumpdown, a much
lower final desorption rate will result when the energy source is removed, since only the

more tightly bonded molecules will remain undesorbed.

There are two efficient and effective methods of energy transfer that are commonly used:
heat and ultraviolet (UV) light. Although each method has its own advantages and
disadvantages, the choice of which method to use for a given application depends upon the
performance goals to be achieved. In general, the goals can be simplified to two options. The
goal might be to achieve a lower pressure in a given time, or it might be to achieve a given
pressure in a shorter time. Both methods of energy transfer will accomplish either of these
goals, but each method needs to be considered in light of the application and the system
itself.



Electric-Propulsion Test stand (Concept, Design, Manufacturing)

Schematic of Desorbing Water Vapor
in a Vacuum Chamber
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Pumpdown performance of an O-ring sealed system showing the effects
of both desaorptlion techniques against no forced desaorption.

Bakeout is the term most commonly used to refer to the application of heat to stimulate
desorption. In many minds it's associated only with ultrahigh vacuum (UHV) systems.
Granted, it's pretty nigh impossible to achieve UHV without bakeout, but UHV systems
have many more considerations beyond mere bakeout. The proper pumps, seals, and
materials are just a few examples. Heat can be applied to almost any vacuum system to
temporarily increase desorption. Heat, applied externally to the chamber, is the most
common method, with heaters mechanically clamped or bolted to the outer surfaces for good
thermal contact. For UHV systems, 2500 C is usually the required/recommended
temperature. This temperature is high enough that Viton can’t be used because it
Pumpdown performance of an O-ring sealed system showing the effects of both desorption
techniques against no forced desorption. 01234567 8 10 -8 10 -7 10 -6 10 -5 10 -4 10 -3
Schematic of Desorbing Water Vapor in a Vacuum Chamber Hours torr Bakeout UV Natural
degrades rapidly at temperatures above 1800 C, and perfluoro elastomers that can withstand
the temperature have too high a permeation rate3 , as does Viton, to allow UHV pressures to
be attained. This leaves metal gaskets as the only reasonable choice for bakeout at these
temperatures. Bakeout, however, can be useful for O-ring-sealed systems that are used in the
high vacuum region. The water vapor desorption rate is a function of both time and
temperature. A lower temperature will just require a longer time at that temperature to
provide whatever degree of diminution of the desorption rate is required by the pumpdown
specifications. This means that a temperature of, say, only 1000 C will increase the
desorption rate during the temperature cycle to reduce the pressure achieved in a given time
than would be possible if no means of additional energy transfer were to be provided. The
problem here is time. If a stainless steel chamber is heated by external heaters, the low

thermal conductivity and high heat capacity of the stainless steel will greatly lengthen the
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time between application of heat to the thermal energy reaching the sorbed water vapor
inside the chamber. Conversely, the time to cool will be long as well. If, as in most practical
vacuum systems, there are internal arrays, the heat has to be transferred through some solid
connection with the heated wall. This can require very long time periods. The time lag
problem disappears, in a practical sense, if aluminum chambers are used since aluminum
has a very high thermal conductivity. One way around the time lag problem is to heat the
inside of the chamber with infrared (IR) bulbs mounted inside the chamber. UHV compatible
IR bakeout systems are commercially available. UV energy avoids some of the problems of
thermal energy. A UV bulb(s), mounted within a chamber will transfer energy to the sorbed
water molecules if the bulb emits the correct wavelength4 of UV light. If you think of
spectroscopy, the mechanism for energy transfer is fairly simple. Specific molecules will
absorb specific wavelengths of light. The sorbed water molecules will absorb the UV light
until they become sufficiently excited to overcome the water-to-water bonds and desorb. The
UV light is reflected internally enough that line-of-sight exposure is not required. UV
excitation is a very efficient method of energy transfer since the energy is absorbed directly
by the water molecule and only negligible amounts of heat are radiated. A pumpdown time
can usually be cut in half if only a total UV energy 2.5 mw/in.2 of chamber surface area is

provided while doubling the energy to 5 mw/in.2 can usually cut the time to one-third.

T

Pump

!

Charmber

Behavior possibilities of a desorbing waler vapor
molecule showing the statistical chance of re-
sorbing or entering the pump.

Choosing the best method for a given application requires an understanding of the behavior
of desorbed water molecules. A water molecule, once desorbed, will not necessarily be
pumped away. Although a desorbed molecule might enter the pump, it's more likely that it
will impinge upon another spot in the chamber. When it impinges, it might resorb or it
might merely bounce. This results in a chaotic condition of molecules desorbing, re-sorbing,
and generally moving around within the chamber until they finally wander into the pump. If
thermal desorption is being used, the higher temperature of the chamber will reduce the
amount of re-sorption and increase the chances of a molecule entering the pump. If, though,
the chamber is not heated isothermally where the temperature is not constant throughout,
the molecules will tend to selectively re-sorb on colder spots. Upon cooling the chamber, the
previously colder spots will become an enhanced source of water vapor. Although this

problem is avoided with UV energy which will flood the whole chamber, the UV energy will
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not penetrate into the trapped volume of virtual leaks or reach the surfaces of O-rings
recessed between flanges. Thermal energy, though, will tend to drive water vapor out of
these sources. Another major difference to consider is the fact that UV energy is only useable
on surfaces. If a “gassy” material needs to be placed within a chamber that’s either
hygroscopic or porous, UV energy will only desorb water from the material’s surface while
thermal energy will drive it out of the material’s bulk. This means that UV energy will
effectively desorb the water from the surface, but that water will then diffuse out of the bulk
to the surface and cause continual desorption. The specific application will then help make
the choice between the two methods of energy transfer. A batch system that is continually
cycled from air-to-high vacuum will probably be better served by UV desorption since the
pumpdown time can be shortened enough to provide many more product runs per day. A
system, sealed with Viton O-rings, could have the pumpdown time reduced by 1/2 to 2/3 of
the time usually required to achieve a given pressure. The same amount of UV energy could
also achieve about a decade lower pressure in the same amount of time as is usually
required. The resultant pressure could be even lower if vacuum pre-baked Orings were used.
Systems and applications that require UHV pressures will require thermal energy at
temperatures too high for O-rings so metal gaskets will be required, and the inability of UV
to penetrate to the O-rings is no longer a concern. The time penalty for heat-up and cool-
down cycles becomes less important when the need is to reduce the desorption rate of the
water vapor to almost nothing. In many applications, a combination of both methods used
together can utilize the main advantages of both to achieve UHV or even just lower high
vacuum pressures in a shorter time.

References

1 See #15, “Sources of Water Vapor in Vacuum Systems"

2 See #16, “How To Assess Gas Loads in Vacuum System Design”

3 See #14, “Gas Loads and O-Rings"

4 US Patent Number 4660297

Reprinted with permission by R&D Magazine, all rights reserved. Copyright 2001. Cahners Business Information.
A shorter version appeared in R&D Magazine, January 2001.

29.1.1.3 Vacuum pump
How to Convert an Air Compressor Into a Vacuum Pump

29.1.2 Electrical Propulsion

Because the tendency of satellite design to be towards small and low cost, the need for
miniaturizing the propulsion systems have become apparent. Pulsed Plasma Thruster (PPT)
is one of the promising propulsion system for attitude control, station keeping, de-orbit,

formation flying, and drag compensation of the small, micro- and nano-satellite because of
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the following reasons. 1) Simplicity. No tankage, seals nor mechanical valves. 2) Light weight
and high reliability. Only two power supplies. : Capacitor charge power supply and ignition
power supply. Only one moving device. : Solid propellant feed mechanism to discharge

chamber. 3) Small impulse bit (impulse per shot) level. Precise total impulse control.

29.1.3 Detector
Since the electric Propulsion is a pulsed plasma thruster, we have to detect plasma.
One of the most frequently employed methods for plasma diagnostics is the Langmuir

probe.

29.1.3.1 Langmuir Prope
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But this sonde have a disadvantages

which makes the application of probe method
more difficult or impossible in plasma
containing fluctuations, oscillations and waves.

29.1.3.2 Rokowski coil

A Rogowski coil is an electrical transducer used for measuring AC currents such as high speed
transients, pulsed currents of a power device, or power line sinusoidal currents at 50 or 60 Hz.
The Rogowski coil has a flexible clip-around sensor coil that can easily be wrapped around the
current-carrying conductor for measurement and can measure up to a couple thousand amperes
of very large currents without an increase in transducer size.
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29.2 GAMS Unit Design

29.2.1 Concept

Conclusion:

100cm

200cm

We will back out the desorbed water in a homogeneous way.

My Idea is to heat a metal coat in fire until it will be heated homogeneous to more
than 250° .Then we overcoat the vacuum chamber. In this way the VC will be heated
with contact (faster) and homogeneous. Therefore, the desorbed water is backed out
without resorbtion on a colder wall of the VC. In addition, the complex structures of
the EP and the DET will be backed out.

We shall use metal gaskets instead of o-rings,
Thin coating of Milk of Magnesia (unflavored) for nuts and bolts,

And Molybdenum Disulfide Coatings (MoS2 Coatings) as a vacuum-compatible lubricant for
S5-to-SS pairs.

Aceton followed by isopropyl alcohol 70% to clean the VC
(https://www.youtube.com/watch?v=iZ9ieSHOZsg)

inschaAllah.Eddy current and Rogowski coil Detector system (Concept)

29.3 Principle

The eddy current position sensor is similar to the inductive position sensor. A coil of wire is used as the
probe as shown in Figure 3. This coil may have a ferromagnetic core or an air core as the inductive sensor.
The operating frequencies of eddy current sensor are much higher than for the inductive sensors and
operate in the region of 150 kHz to a few MHz. At these frequencies the eddy current losses are large and
proportional to the coil’s position relative to the target. Targets used with inductive and eddy current sensor
must be a conductive material. The resolution of the eddy current sensor depends on the conductivity of the
target material. The higher the conductivity of the target material the better is its displacement resolution.
The higher excitation frequency means eddy current sensors are less susceptible to noise caused by power
amplifier switchings-z.

An eddy current displacement sensor consists of two components as shown in Figure 4. The

sensor coil and sensor drive electronics with signal processing block which can be a circuit or a
microprocessor algorithm. An AC current in the sensor coil generates an oscillating magnetic

field, which induces eddy currents in the surface of the targetss. The coil impedance changes with

287



Electrical Propulsion Unit

distance from target and this variation is converted to a line output by the sensor’s signal

processing electronics.

When the sensor coil is driven by an AC current, it generates an oscillating magnetic field that
induces eddy currents in any nearby metallic target. The eddy currents flows in a direction
opposite to that of the coil, reducing the magnetic fluxes in the coil and so its inductance. The
eddy currents also dissipate energy, increasing the coil’s resistance. As shown in Figure 3, the coil
and the target constitute the primary and (shorted) secondary of a weakly coupled air-core
transformer. Movement of the target changes the coupling, and this movement is reflected as an

impedance change at the terminals of the coilio-1z.

Magnetic
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Coil
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current

y:\ Cail
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f
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Figure 4. Components of eddy current displacement Figure 3. Eddy current displacement sensor working
SENsor. principle.
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30 Telemetry System with HarckRF

By MM]JZ

30.1 Time Plan

Title Description Estimated Status

Time

Task 1: Introduction

HackRF Introduce HackRF and getting start | 5 days Done
with, a brochure summarize the main
info should be prepared and
established

SDR (Software | Introduce and understand SDR | 5 days Done

Defined Radio) workflow and check for its available
software

Task 2: Getting Start

Receiving signal Use available SDR software to | 2 days Done
receiving signal using HackRF

Transmitting signal Use available SDR software to | 2 days Done
transmitting signal using HackRF

Pentoo OS Prepare Pentoo OS on a machine or | 2 days Done

USB image to be used with the HackRF
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GnuRadio Getting start with GnuRadio compain | 3 days Done
and make some tutorials
Raspberry&GnuRadio | Install GnuRadio on Raspberry Pi OS | 4 days Done
and make some tests
Task 3: System 1 (Send and receive system “separately”)
Make a Sender Build a system to send a RF signal | 4 days In
using a HackRF and Raspberry Pi. Progress
Make a Receiver Build a system to receive a RF signal | 7 days In
using a HackRF and developed SDR Progress
software
Task 4: System 2 (Send \ Receive system)
Raspberry S\R Update the Raspberry Pi system to | 3 days
make it two way communication sys
(send \receive)
SDR software S\R Update the developed SDR software to | 3 days
make it two way communication sys.
(send \ Receive)
Task 5: System 3: Lotte System
Arduino > Raspberry | Connect Arduino to Raspberry and | 5days
send and receive data from it using
USB connection
Raspberry > HackRF | Use HackRF to send Arduino data, and | 10 days
to receive command for it
HackRF > Gui Use a Windows developed software to | 10 days
receive sent data from the raspberry
side to be access
Total time: 65 days, Spent time: 25 days, Remaining time: 40 days

30.2 Introduction

HackRF One from Great Scott Gadgets is a Software Defined Radio peripheral capable of

transmission or reception of radio signals from 1 MHz to 6 GHz. Designed to enable test and

development of modern and next generation radio technologies, HackRF One is an open

source hardware platform that can be used as a USB peripheral or programmed for stand-

alone operation.

Specifications:

- 1 MHz to 6 GHz operating frequency
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- Half-duplex transceiver

- Up to 20 million samples per second

- 8-bit quadrature samples (8-bit I and 8-bit Q)

- Compatible with GNU Radio, SDR#, and more

- Software-configurable RX and TX gain and baseband filter

- Software-controlled antenna port power (50 mA at 3.3 V)

- SMA female antenna connector

- SMA female clock input and output for synchronization

- Convenient buttons for programming
- Internal pin headers for expansion

- Hi-Speed USB 2.0

- USB-powered

- Open source hardware

Receive signal path

RF N
—> ADC FPGA
Front-End v
. USB GNU
Hack RF One device .
Interface Radio
RF .
€4 DAC <:: FPGA P
Front-End P
Transmit sienal path i A it
HackRF One hardware theory
VCXO ‘
‘ Clock signal ‘
Sampling Sampling
50 MHz 40 MHz Frequency Frequency
RFFC5071/2 MAXAST MAX5864
Broadband synthesizer 2:56Hz=2:7GHz ADC/DAC CPLD
30 MHz - 6 GHz mixer Wireless broadband RF Up to 22MHz
Transceiver
NXP
Low pass filter: 30MHz to 2.3GHz LPA3xx
MCU

ByPass filter: 2.3 GHz to 2.7 GHz
High pass filter: 2.7 GHz to 6.0 GHz

(Eg))

Parameters:
- Frequency band: IMHz-6Ghz
- Data bandwidth: 20MHz
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- Sampling accuracy ( ADC/DAC) : 8BIT
- Sampling speed ( ADC/DAC): 20Mbps
- Maximum transmitting power: 10dbm
- 64QAM transmitting EVM: 1.5%

- Complex sampling bandwidth: 20Mhz

To invoke DFU mode: Press and hold the DFU button. While holding the DFU button, reset
the HackRF One either by pressing and releasing the RESET button or by powering on the
HackRF One. Release the DFU button.

The DFU button only invokes the bootloader during reset. This means that it can be used for

other functions by custom firmware.

Hardware:

- Mixer RFFC5072: 80MHz-4200MHz

- Wireless bandwidth RF transceiver MAX2837: 2.3Ghz-2.7Ghz
- Processor LPC4330: Main frequency 204MHz

- Amplifier MGA-81563: 0.1-6Ghz, 3V, 14dbm

* The RF switch determines whether to amplify via a 14db amplifier

* The signal is filtered by high pass or loss pass filter

+ Signal RFFC5072 chip mixing to 2.6GHz fixed medium frequency

* The firmware supports variable intermediate frequency options: range 2.15 GHz to
2.75 GHz

» Signal into the MAX2837 chip mixing to the baseband, output differential IQ signal
(MAX2837 chip can limit the bandwidth of the signal)

« The MAX5864 chip digitizes the baseband signal and sends it to CPLD

* The LPC4320/4330 processor sends the sampled data to computer via USB

* RFFC5072 and MAX2837 are protected in a shield to prevent interference from the
outside world or other chips on the board, and to prevent static electricity form
penetrating some chips

30.2.1 Links and references:

Official site: https://greatscottgadgets.com/hackrf/one/

HackRF Lessons of Michael Ossmann: https://greatscottgadgets.com/sdr/

Source files on github: https://github.com/mossmann/hackrf

Portapack source files on github: https://github.com/sharebrained/portapack-hackrf

Files:
my 8

HackRF_Poster.pdf
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30.2.2 SDR (Software defined radio):

Software-defined radio (SDR) is a radio communication system where components that
have been traditionally implemented in hardware (e.g. mixers, filters, amplifiers,
modulators/demodulators, detectors, etc.) are instead implemented by means of software on
a personal computer or embedded system.

There are a lot of SDR software globally like: HDSDR, SDRSharp...

30.2.3 HDSDR:

HDSDR is a freeware Software Defined Radio (SDR) program for Microsoft Windows
2000/XP/Vista/7/8/8.1/10. Typical applications are Radio listening, Ham Radio, SWL, Radio
Astronomy, NDB-hunting and Spectrum analysis. HDSDR (former WinradHD) is an
advanced version of Winrad, written by Alberto di Bene (I2PHD).

MW HDSDR [default] v2.76a | Soundcard(MME)@16bit | SRate: 48000 > 12000 | OS: 10.0.10240 | CPU: Intel Coreis M 430 @ 2.27GHz | RAM: 5341MB (=)= | =]

[ ——— IEEEE Rew 23.4 Hz

AM ECSS SE USB cw DR™
el 3 ) — SpeCtrUM ¢ — 70OM

LoE DNO7.200 NO0D

e Volume

[ @ | > | (| = 4 ca]

FM-BW: 11025
4
reen [F11]

Minimize [F3]
[ ———— EEEE RBwW 5.9 Hz

=0 [ e — —— SDECErUM  E—— 700N oz Speed

Main features:

e separate large spectrum and waterfall display for input and output signals

e RF & AF spectrum and waterfall is optically zoomed to fit window width
independently of FFT resolution bandwidth (RBW)

e flexible and efficient usage of the screen area from 640x480 (Netbooks) up to 8k

e extreme low-speed waterfall - helpful for pattern noise detection or short wave
condition monitoring

e AM, ECSS, FM, SSB and CW demodulation

e basic transmit (TX) functionality in modes SSB, AM, FM & CW

e I/Q modulated signal pair for the TX input signal (Microphone) is produced on the
TX output

e squelch, noise reduction, noise blanker, adjustable band pass filter, anti-alias filter

e automatic notch filter and up to 10 manual adjustable notch filters

e record and playback RF, IF and AF WAV files with recording scheduler
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e Frequency Manager for Eibi, Ham Bands, Radio Bands, User frequency lists

e DDE client for Ham Radio Deluxe, Orbitron, WXtrack, SatPC32, Wisp and PstRotator
(Howto)

e  Omni-Rig support (CAT) to control additional hardware

e support for various hardware through Alberto's (I2PHD) ExtIO DLL interface

e ExtIO frequency options for IF-Adapter, Upconverter, Downconverter,
Undersampling and calibration

e All HDSDR program options can be stored and loaded per "profile", to ease use of
different receivers

e autocorrelation and cepstrum display for demodulated audio

e some command line options with profile management

Link: http://www.hdsdr.de/

30.2.4 SDRSharp:

Airspy is a line of Popular Software-Defined Radio (SDR) receivers developed to achieve
High Performance and Affordable Price using innovative combinations of DSP and RF
techniques. The goal is to satisfy the most demanding telecommunications professionals and
radio enthusiasts while being a serious alternative to both cost sensitive and higher end
receivers. Airspy Radios feature world class reception quality and ease of use thanks to the
tight integration with the de facto standard free SDR# software for signal acquisition,

analysis and demodulation.
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B& SDR#+1.0.0.1716 - HackRF — = =
—
— - X ) | 105.300.000 «» RS
- Zoom
HackRF ~
v Redo |
ONFM Oam OLse QUse
®wFM O DSE Ocw O RAwW
[ shif 0: el
Contrast
Filter Blackman-Haris 4 ~
Bandwidth Order
200,000 2501
Cw/ Shift
e e FM Broadcast Air Band VOR/ILS |
FM Stereo [] Step Size
Snap to Grid 100 kHz ~
Correct 1Q ] e
Swap | &Q []
>
> AGC |
» FFT Display
p Audio Noise Reduction *
p IF Noise Reduction *
p Baseband Noise Blanker * Offset
p Demodulator Noise Blanker *
p Recording *
p ZoomFFT*
» BandPlan *
p  Frequency Manager ™
p Signal Diagnostics * v ]

Link: https://airspy.com/download/
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30.2.5 GnuRadio:

GNU Radio is a free & open-source software development toolkit that provides signal
processing blocks to implement software radios. It can be used with readily-available low-
cost external RF hardware to create software-defined radios, or without hardware in a
simulation-like environment. It is widely used in research, industry, academia, government,
and hobbyist environments to support both wireless communications research and real-

world radio systems.

What is GNU Radio?

GNU Radio is a framework that enables users to design, simulate, and deploy highly
capable real-world radio systems. It is a highly modular, "flowgraph"-oriented framework
that comes with a comprehensive library of processing blocks that can be readily combined
to make complex signal processing applications.

GNU Radio has been used for a huge array of real-world radio applications, including
audio processing, mobile communications, tracking satellites, radar systems, GSM networks,
Digital Radio Mondiale, and much more - all in computer software.

It is, by itself, not a solution to talk to any specific hardware. Nor does it provide out-of-
the-box applications for specific radio communications standards (e.g., 802.11, ZigBee, LTE,
etc.,), but it can be (and has been) used to develop implementations of basically any band-

limited communication standard.

Signal Source
Sample Rate: 32k

Wavef : Cosi
f ﬁ Fr:::e:r:;- 155'”9 E_,E' Audio Sink
re =
Sample Rate: 32k
Amplitude: 300m mp ate

Offset: 0
Initial Phase (Radians): 0

Why would I want GNU Radio?

Formerly, when developing radio communication devices, the engineer had to develop a
specific circuit for detection of a specific signal class, design a specific integrated circuit that
would be able to decode or encode that particular transmission and debug these using costly
equipment.

Software-Defined Radio (SDR) takes the analog signal processing and moves it, as far as
physically and economically feasible, to processing the radio signal on a computer using
algorithms in software.

You can, of course, use your computer-connected radio device in a program you write
from scratch, concatenating algorithms as you need them and moving data in and out
yourself. But this quickly becomes cumbersome: Why are you re-implementing a standard
filter? Why do you have to care how data moves between different processing blocks?

Wouldn't it be better to use highly optimized and peer-reviewed implementations rather
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than writing things yourself? And how do you get your program to scale well on a multi-
core architectures but also run well on an embedded device consuming but a few watts of
power? Do you really want to write all the GUIs yourself?

Enter GNU Radio: A framework dedicated to writing signal processing applications for
commodity computers. GNU Radio wraps functionality in easy-to-use reusable blocks, offers
excellent scalability, provides an extensive library of standard algorithms, and is heavily
optimized for a large variety of common platforms. It also comes with a large set of examples

to get you started.

30.2.5.1 Links:

Official site: https://www.gnuradio.org/

GNU Radio wiki tutorials: https://wiki.gnuradio.org/index.php/Tutorials

GNU Radio API manual: https://www.gnuradio.org/doc/doxygen/

30.3 Getting started
HDSDR:
Download HDSDR from here http://www.hdsdr.de/index.html

While you are there read the other pages, note the link to Alberto's original help and You
Tube.

Execute the installation.

Later versions of Windows have security features that make altering the contents of
"Program Files" difficult. A way round this might be to change the default and install
HDSDR somewhere different "C:\HDSDR" perhaps.

Note the folder where it installs, you will usually need to find it in order to place a DLL file

in there.

Look here http://hdsdr.de/hardware.html for DLLs and instructions for use with many

radios, SDR and conventional .

Used ExtIO dll:
ExtIO_HackRF.dll ExtIO_RTL2832.dll

Open HDSDR and try to receive any local radio signal
<Add screenshot here>
SDRSharp:

Airspy is a plug-and-play device and does not require any particular driver installation on
Windows Vista, 7, 8, 8.1 and 10. You just plug Airspy and Windows will download and
install the right driver for you.


https://www.gnuradio.org/docs/
https://wiki.gnuradio.org/index.php/Tutorials
https://www.gnuradio.org/doc/doxygen/
http://www.hdsdr.de/index.html
http://hdsdr.de/hardware.html
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There are exceptions where the original configuration of the PC does not allow the automatic
installation of this class of devices. In such case, a driver should be installed manually with

the following procedure:

e Download and unzip the WinUSB Compatibility Driver

e Open the device manager and select Airspy
e Select “Update Driver” then “Browse My Computer” to the inf file

Using SDR#

Airspy was designed by the same people who developed the SDR# software so it’s the

obvious choice for running Airspy and leverage all its powerful features.

First, go to the download page and get a copy. Then run SDRSharp.exe and select the
“AIRSPY” front-end:

¥ Source: AIRSPY

AIRSPY e

Then next step is the gain configuration. As depicted in this screen shot, there are many gain

modes:
e Sensitivity
e Linearity

¢ Free (Custom)

The  “Linearity” mode is the one you want to  start  with:
¥ Source: AIRSPY
AIRSPY w

() Sensitivity (®) Linearity () Free
Gain 10

Sample rate | 10 MSPS e
Decimation | Mane e
Disslay 8 MHz

Bias-Tee [ ]

Spy\erter PPM | D.00f

The following fine tuning procedure ensures you have the maximum SNR on the signal of

interest while preserving the dynamic range:

e Start with the minimum gain
e Increase the gain until the noise floor rises by about 5dB
o Fine tune to maximize the SNR (the blue bar graph on the right)
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In any case, you should make sure the RF noise floor just overrides the quantization noise
floor of the ADC, but no more.

30.3.1 Getting Started with HackRF and GNU Radio*’

The easiest way to get started with your HackRF and ensure that it works is to use
Pentoo, a Linux distribution with full support for HackRF and GNU Radio. Download the

latest Pentoo .iso image from one of the mirrors listed at http://pentoo.ch/download/. Then

burn the .iso to a DVD or use UNetbootin to install the .iso on a USB flash drive. Boot your
computer using the DVD or USB flash drive to run Pentoo. Do this natively, not in a virtual
machine. (Unfortunately high speed USB operation invariably fails when people try to run

HackRF from a virtual machine.)

Once Pentoo is running, you can immediately use it to update firmware on your HackRF or

use other HackRF command line tools. For a walkthrough, watch SDR with HackRF, Lesson
5: HackRF One.

To verify that your HackRF is detected, type hackrf_info at the command line. It should
produce a few lines of output including "Found HackRF board." The 3V3, 1V8, RF, and USB

LEDs should all be illuminated and are various colors.

You can type startx at the command line to launch a desktop environment. Accept the
"default config" in the first dialog box. The desktop environment is useful for GNU Radio
Companion and other graphical applications but is not required for basic operations such as

firmware updates.

Now you can use programs such as gnuradio-companion or gqrx to start experimenting with
your HackRF. Try the Examples below. If you are new to GNU Radio, an excellent place to
start is with the SDR with HackRF video series or with the GNU Radio guided tutorials.

41 https://github.com/mossmann/hackrf/wiki/Getting-Started-with-HackRF-and-GNU-Radio
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Try FM radio flow graph: Create a flow graph in GNU Radio Companion like the one in the

video or the screenshot below. Test the flow graph by listening to a strong FM radio signal.

Options
1D: top_block
Generate Options: WX GUI

Variable
1D: samp_rate
Value: 20M

Variable

osmocom Source

Sample Rate (sps): 20M
Cho0: Frequency (Hz): 57.5M
cho: Freq. Corr. {ppm): 0
Cho: DC Off set Mode: Off
Cho: 10 Balance Mode: Off
Cho: Gain Mode: Manual
Cho: RF Gain (dB): 0

cho: IF Gain (dB): 20

Cho: BB Gain (dB): 20

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 20M
Baseband Freq: 37.5M
¥ per Div: 10 dB
¥ Divs: 10
Ref Lavel (dB): O
Ref Scale (p2p): 2
FFT Size: 1.024k
Refresh Rate: 15
Average Alpha: 0
Freq Set Varname: Mones

ID: center_freq
Value: 57.5M

Variable
ID: channel_freg
Value: 95.5M

Variable

Signal Source
Sample Rate: 20M
Waweform: Cosine
Frequency: 1.4M
Amplitude: 1
Offset: 0

Multiply

Low Pass Filter
Decimation: 100
Gain: 1
Sample Rate: 20M
Cutoff Freq: 75k

Window: Harmming
Beta: .75

Transition Width: 25k

WX GUI FFT Sink
Title: FFT Plot
Sample Rate: 20M
Baseband Freq: 96.5M
¥ per Div: 10 dB

Rational Resampler
Interpolation: 12
Decimation: 5

Taps:

Fractional BW: 0

WBFM Receive

Quadrature Rate: 4580k
Audio Dacimation: 10

» [ Multiply Const
Constant: 1 ]—‘

ID: channel_width WX GUI Slider ¥ Divs: 10

Value: 200k . Ref Level (dB): O

ID: audio_gain
Default Value: 1 Ref S_Cale (p2p): 2
FFT Siza: 1.024k

» [ Audio Sink
Sample Rate: 42KHz

Minimum: 0
Maximum: 10 Refresh Rate: 15
Converter: Float Average Alpha: 0

Freq Set Varname: Mone

This flow graph is the done on the first lesson of Michael Ossmann tutorials, complete the list

to be more familiar with the HackRF and gnuRadio.

<Add screenshot here for output>

30.3.2 HackRF with Raspberry PI:

There is some files and tools should be installed on the Raspbian system of the raspberry Pi
to make the ability to use HackRF. As the Raspbian is not a high performance OS, the

installation will be a little bit complex.
PiSDR:

You can find on the cloud some raspbian image updated with these tools and SDR software

pre-installed and ready to go such PiSDR
The PiSDR is a Raspbian based operating system for the Raspberry Pi pre-loaded with

multiple Software Defined Radio software. It was created to serve as a fast and reliable

bootstrap for SDR projects.

Link: https://pisdr.luigifreitas.me/#getting-started

Installation on RaspberryPi 34

What will we need

We would need Raspberry Pi 3 or Raspberry Pi Zero W 1.1, which has 64-bit ARMv7

processor. Please note that gr-gsm cannot be installed on Raspberry Pi 1 (we tested Model B),

4 https://github.com/ptrkrysik/er-esm/wiki/Installation-on-RaspberryPi-3
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since it has ARMv6 processor. Some GNU Radio components are not supported on ARMv6

architecture.

On RPi we will install Debian based Linux operating system Raspbian Jessie (we used
version from 2016-03-18).

Update software on Raspberry Pi

First we need to change default password with the command passwd. After that we need to

install new updates:

sudo apt-get update

sudo apt-get upgrade

Expand space on a SD card and set-up the device

Next step is to expand space on a SD card. We invoke the tool to do that with sudo raspi-
config. In menu we select Expand space. We also need to set timezone, in which country we
will use Wi-fi, keyboard settings (under Internationalisation Options). Do not change

language settings! If system language is not English, some strange errors in Python start to

appear.

Now we need to reboot the machine with sudo reboot.
Update firmware on Raspberry Pi

Right after that we need to update Raspberry firmware with command sudo rpi-update.
When this is finished, we need to stop the machine with sudo shutdown -h now and

physically plug off the power. After some seconds we power it up again.
Secure the device

Now it is good time to setup firewall, enable NTP client, change hostname... maybe we also
want to set up VNC console. We assume you are able to secure the device, for some quick

steps.
Do not skip this step, security is important.
Increase swap space

Sometimes you will need more memory for compiling. You can "add" new memory with

increasing swap space. Open the configuration file:

sudo nano /etc/dphys-swapfile

... and look for default value in Raspbian, which is: CONF_SWAPSIZE=100

Change it to: CONF_SWAPSIZE=1024 After that you need to stop and start the service that

manages the swapfile on Rasbian:
sudo /etc/init.d/dphys-swapfile stop
sudo /etc/init.d/dphys-swapfile start

Now can then verify the amount of memory and swap space by issuing the following

command: free -m


https://www.raspberrypi.org/downloads/raspbian/
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Install screen

Since compiling can take a long time, it may also be a good idea to install screen: sudo apt-

get install screen.

Installation of software needed for gr-gsm
Install Kalibrate

First, we will install Kalibrate:

sudo apt-get install libtool autoconf automake libfftw3-dev librtlsdr0 librtlsdr-dev libusb-1.0-
0 libusb-1.0-0-dev

git clone https://github.com/asdil12/kalibrate-rtl.git

cd kalibrate-rtl

git checkout arm_memory

./bootstrap

.Jconfigure

make

sudo make install

Install GNU Radio

Now we need to install GNU Radio, which is quite simple:

sudo apt-get install gnuradio gnuradio-dev gnu // In fact, there's no such package named

"gnu", so just install gnuradio gnuradio-dev
Install libosmocore

We need to compile libosmocore...

sudo apt-get install cmake

sudo apt-get install build-essential libtool shtool autoconf automake git-core pkg-config

make gcc

sudo apt-get install libpcsclite-dev libtalloc-dev gnutls-dev libsctp-dev
git clone git://git.osmocom.org/libosmocore.git

cd libosmocore/

autoreconf -i

.Jconfigure

make

sudo make install

sudo ldconfig -i

cd

...and install some other things
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sudo apt-get install swig python-docutils
sudo apt-get install gr-osmosdr rtl-sdr

sudo apt-get install libboost-dev

sudo apt-get install osmo-sdr libosmosdr-dev
sudo apt-get install libusb-1.0.0 libusb-dev

sudo apt-get install libboost-all-dev libcppunit-dev swig doxygen liblogdcpp5-dev python-

scipy
Install gr-gsm

Now we are ready for the final step:
git clone https://github.com/ptrkrysik/gr-gsm.git
cd gr-gsm

mkdir build

cd build

cmake ..

make

sudo make install

sudo Idconfig

install HackRf lib:

Step 1: sudo apt-get update -y

Step 2: sudo apt-get install -y hackrf

30.4 System 1

P i
4@»'&'&;?
Raspberry Pi Recelver
HackRF one
Sender é
T I
g
SDR Dongle PC with SDR
software

System 1: Send and receive system (separately)
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https://zr6aic.blogspot.com/2018/04/setting-up-my-raspberry-pi-as-bacar.html

https://github.com/F50EQ/rpitx

https://www.rtl-sdr.com/transmitting-fm-am-ssb-sstv-and-fsg-with-just-a-raspberrv-pi/

https://medium.com/@rxseger/sdr-first-project-initial-setup-node-hackrf-gnu-radio-on-linux-

0s-xX-rpi-3-w-fm-tuner-eel6cdc8fd82

https://www.reddit.com/r/RTLSDR/comments/dv29a3/hackrf on windows/

https://github.com/mossmann/hackrf/issues/457

30.5 System 2

L)
‘®' \z&‘
Raspberry Pi DeS ktOp
HackRF one SySte m

Raspberry
system

b ook
PC with SDR

software
HackRF one

System 2: Send \ Receive system

30.6 System 3

Ground

Raspberry Pi

Arduino Romeo

HackRF one System

Lotte
system

&k W%
! R B
b W )
PC with

Winrad GUI
HackRF one

System 3: Lotte System
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https://zr6aic.blogspot.com/2018/04/setting-up-my-raspberry-pi-as-bacar.html
https://github.com/F5OEO/rpitx
https://www.rtl-sdr.com/transmitting-fm-am-ssb-sstv-and-fsq-with-just-a-raspberry-pi/
https://medium.com/@rxseger/sdr-first-project-initial-setup-node-hackrf-gnu-radio-on-linux-os-x-rpi-3-w-fm-tuner-ee16cdc8fd82
https://medium.com/@rxseger/sdr-first-project-initial-setup-node-hackrf-gnu-radio-on-linux-os-x-rpi-3-w-fm-tuner-ee16cdc8fd82
https://www.reddit.com/r/RTLSDR/comments/dy29a3/hackrf_on_windows/
https://github.com/mossmann/hackrf/issues/457

Power Supply and Battery

Power Supply and Battery

Satellites need electric energy to pursue operation. This energy is acquired from solar power
using solar cells which transform radiation energy into electricity. New developments in
solar panel’s technology have increased the efficiency of such systems to 30%. However the
satellite will be deprived of such source of energy during eclipses, that is when the satellite is
passing through the shadow of the earth. This phenomenon becomes more profound for
LEO satellites which pass through an eclipse every 100 minutes and which the eclipse
represents up to 40% of the total cycle time. In order to provide the continuity of electric
energy supply, satellites are equipped with rechargeable batteries. These batteries simply

charge during times when solar energy is available and discharge during shadow periods.

The first utilized battery in a spacecraft was the silver-zinc battery which provided high
energy density. However because Ag-Zn batteries have low cycle life, they were replace by
Ni-Cd batteries that dominated the space industry for 20 years. After that, various batteries
were used however restrictions and robust standards imposed on batteries used in space

industry rendered many of them obsolete.

Aerospace industry now adopted the lithium-ion-based batteries in its satellite projects since

lithium has:
e High energy density
e High specific energy
e Long cycle life
e Ability to be charged and discharged fast

e Compact shape
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Attitude Control System (ACS) Components

31 Attitude Control System (ACS) Components

Type ACS Components

Sensors 3-axis Magnetometers

sun sensors
GPS Receiver

Star Tracker camera head units

Rate Gyros

Actuators

Star Tracker

Star Tracker DPU
(Data Processing
Unit)

PAMCAM
(Panoramic
Camera)

Magnetometer

FOG(Fibre Optic

OBC (On Board

Computer)
Sun Sensor

31.1 Magnetometer
Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park,

Guildford, Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email:
info@sstl.co.uk | Web:www.sstl.co.uk
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Sensitivity

Bandwidth

Temperature Channel

Field Measurement

Dimensions (H x W x L)

Power Supply

Temperature

Random Vibration

Radiation Tolerance

+10nT

1 60 T

10 Hz

1x 0 - 5V Analogue

3x 0-5VY Analogue

190g

36 x 90 x 130 mm

Supply £ 12V

Consumption <300mW

-20 to +50°C operating
-40 to +80°C non-operating

15Grms in all axis

5kRad (Si)
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31.2 Sun sensor

Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park,
Guildford, Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email:
info@sstl.co.uk |

Sensors 2 orthogonal axes

Sensor field of view =508

Accuracy 1.0° (95%)

Analogue output 4x 0 - 5V per channel

~210g
95x 107 x 35 mm

Dimensions (HxW x L)

Sunlit: <100 mW;
Dark: <10 m\W

Power consumption

Power Supply =i DAV

Temperature -30 to +60° C operating

-40 to +80° C non-operating

Random Vibration 15Grms in all axis

Radiation Tolerance SkRad (Si)

w
w
)
U
w

w
—
H
1
o
D
=
(@)
o
=
(g]
Q
<
-
(@)
c
=,
—

Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park,
Guildford, Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email:
info@sstl.co.uk |
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Fiber Optic Gyro unit is composed of four fiber optic gyros (FOG) used in a tetrahedron like
configuration for the measurement of the body angular rates. The tetrahedron like

configuration allows autonomous detection of a single failure.

The type of the sensor is C-FORS

‘ Parameters ‘ FOG C-FORS Sensor |
Sensor Performance

Rate bias <2°h (1 o)
Random walk < 0.15° 'vh
Seale Factor < 1000 ppm (1 o)
Axis misalignment < 10 mrad (Absolute)

< 1 mrad (Stability)
Maximum measurement range + 1000°/s
Initialization time < 120 ms

Mechanical Properties

welght <130 g
Dimensions T8 mm x 53 mm x 22 mm
Case Hermetically sealed

Electrical Properties

Power Consumption 2.8 W

Communication Interface 1B1S

Supply voltage ~5.0 W
SAVAY

33V
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31.5 Star tracker system

Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park,
Guildford, Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email:
info@sstl.co.uk |

Physical Characteristics

Dimensions (mm) DPU: 155x210x56
309 baffle CHU: @147 x 283 (H)

Power 16 — 50 V unregulated
DPU: 6.5W, CHU: 0.5W

Mass (kg) DPU: <1.2,
309 baffle CHU: 1.4

Radiation 5 kRad (Si)

Random vibration 15 G in all axis

Lifetime 7.5 years LEO Orbit (< 800Km)

Temperature -30° Cto+15° C performance
-20° Cto+50° Coperating
-30° Cto+60° Cnon-

operating

Performance Properties

Relative Accuracy X/Y < 3 arcsec (1a)
Z < 25 arcsec (10)

Bias X/Y <5 arcsec (1a)
Z<3.5arcsec(1o)

Maximum rate/ 6 deg/sec / 2.5 deg/s’

acceleration

Attitude Acquisition 8 s from power ON

Time

Update Rate 1Hzto 16 Hz

Sun/Earth 30 Degrees

Exclusion Angle

Moon Exclusion Robust to Moon in field of view

Angle (22.6 x 22.6 deg)

Time synchronisation PPS input via LVDS. RS485 or
optional RS422

TM/TC interface CAN-SU or Optional (RS422 &
SpaceWire)
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31.6 Other Components
31.6.1 OBC

Specification form © Surrey Satellite Technology Ltd., Tycho House, 20 Stephenson Road, Surrey Research Park,
Guildford, Surrey, GU27YE, United Kingdom, Tel: +44(0)1483803803 | Fax:+44(0)1483803804 | Email:
info@sstl.co.uk |

Performance Properties

Processor

IBM PPC750FL
500 Dhrystone 2 MIPS
296 Whetstone MWIPS

Operating
System

VxWorks, Others may be
available on request

Memory

512MiBytes (EDAC 16.8)
24MiBytes MRAM
4MiBytes Flash (EDAC 16,8)

Interfaces

MIL-STD-1553B
2 x Dual CAN bus

8x LVDS Inputs/ 8x LVDS3
Qutputs

4x Opto Isolated Inputs
4x Opto Driver Outputs
12x RS485/ MLVDS Transceiver
RS422 receiver/transmitter links

Protocols

MIL-STD-1553 (optional),
Spacewire (optional),

CAN-SU,

UART (optional RS422/RS485),
HDLC,

Pulse-Per-Second
Synchronisation

Others available on request

Physical Characteristics

Dimensions 306x167x 30mm (single board)

Power at 28V <10W

Mass 1.5kg

Radiation 5kRad (Si)

Random 10 G s in all axis

Vibration

Lifetime up to 7.5years

Temperature -20° Cto+50° C operating

-30° Cto+60° C non-

operating
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31.6.2 PAMCAM

This so called Panoramic Camera (PAMCAM) should be able to take color images in order to

increase the public outreach of the Small Satellite Program.

31.7 Concept for Power Supply and Battery*

Satellites need electric energy to pursue operation. This energy is acquired from solar power
using solar cells which transform radiation energy into electricity. New developments in
solar panel’s technology have increased the efficiency of such systems to 30%. However the
satellite will be deprived of such source of energy during eclipses, that is when the satellite is
passing through the shadow of the earth. This phenomenon becomes more profound for
LEO satellites which pass through an eclipse every 100 minutes and which the eclipse
represents up to 40% of the total cycle time. In order to provide the continuity of electric
energy supply, satellites are equipped with rechargeable batteries. These batteries simply

charge during times when solar energy is available and discharge during shadow periods.

The first utilized battery in a spacecraft was the silver-zinc battery which provided high
energy density. However because Ag-Zn batteries have low cycle life, they were replace by
Ni-Cd batteries that dominated the space industry for 20 years. After that, various batteries
were used however restrictions and robust standards imposed on batteries used in space

industry rendered many of them obsolete.

Aerospace industry now adopted the lithium-ion-based batteries in its satellite projects since

lithium has:
e High energy density
e High specific energy
e Long cycle life

# From Ibrahim Ghanim, Practical Work at AECENAR Ras Nhache, July/August 2015
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e Ability to be charged and discharged fast

e Compact shape
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31.8 Concept for the Propulsion Unit**

31.8.1 Primitively modeling the chosen Pulsed Plasma Thruster (PPT)
Amongst all the inspected Propulsion systems, PPT was chosen and it had to be designed on
FreeCad.

PPT’s working mechanism was carefully studied and its different components were
identified.
The primitive 2D sketch that our design depends on is below.

Schematic layout of a Pulsed
Plasma Thruster

Anode
Spring i
Teflon fuel
block Thrust
Discharge -
capacitor ] Cathode
Spark plug I

The components necessary for the PPT are:

e Parallel anode/cathode plates
e Spark igniter

e Teflon circular block

e Spring system

e High voltage capacitor

Mechanism: The first step of PPT mechanism is plasma formation. An igniter directed to the
solid fuel bar produces a spark that ablates and sublimates the surface of the propellant
forming plasma. Since the plasma is positively charged, it completes the circuit between the
2 plates. The interaction between the formed electric and magnetic field produces a Lorentz

force that acts on the plasma and accelerates it out of the exhaust at high speeds.

31.8.2 Modeling our PPT design in FreeCad

After identifying the different components of our PPT system and taking into consideration

its working mechanism, the propulsion system was modelled on FreeCad.

The following is the FreeCad model of the PPT:

# From Ibrahim Ghanim, Practical Work at AECENAR Ras Nhache, July/August 2015
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31.8.2.1 Modelling “fuel continues supplying system”
Most of propulsion systems use fluid fuel which its supply is easily provided by maintaining
a pressure difference between the fuel reservoir and the ionization chamber. However

pulsed plasma thrusters use solid fuel, that’s why its continuous fuel supply was insured by

a spring system mounted on the fuel rod.

The propulsion unit is designed with a cone shaped ending such that its outer nozzle is
slightly larger than the fuel rod and its inner nozzle is smaller than the fuel rode. A
compressed spring is mounted to the end of the fuel rod such that the rod is always under

pushing force. When the igniter produces a spark and the outer surface of the fuel rod gets
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ablated and sublimated, the spring system pushes the rod inward such that it returns to its

previous position in the propulsion unit.

31.8.2.2 2D projections of important parts of the propulsion system

3) Propulsion unit

T e T iom it

FreeCAD DRAWING

=
A3 x,f*r| 0.5

Drming rmbar
DRAWING NUMBER

Toie P,
Y¥YY-MM-DO | A

4) Igniter

" igniter

FreeCAD DRAWING
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Drwing b
DRAWING MUMBER

e
[

T
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31.9 FreeCAD files
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32 Integration of IAP-SAT

32.1 Integration of IMU and radioastronomy HI sensor (2017)
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33 Basics for Embedded Test and Simulation Environment

33.1 Satellite System Structure

Telecommand

Satellite

Telemetry

e = U e—

- Ground Station

The figure at the
side shows a "black

box" view of a
satellite ~ system.
The satellite is
controlled  from
a ground station
through a

radiofrequency

link. Depending on

the mission, the
link with the
ground station

may be continuous or extend only over a section of the orbit.

The figure at
the side
Satellite shows a
Central Computer typical
internal
System Bus architecture
of a satellite
system.
Payload 1 Payload 2 Subsystem 1 Subsystem 2
33.2 Block Diagrams in Signal and Control Theory
The block diagram modeling may provide control engineers with a better

understanding of the composition and interconnection of the components of a system.

It can be used, together with transfer functions, to describe the cause-effect relationships

throughout the system.

The common elements in block diagrams of most control systems include:

¢ Comparators

* Blocks representing individual component transfer functions, including:
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Input sensor

Output sensor

Actuator

Controller

e Plant (the component whose variables are to be controlled)

Input or reference signals
Output signals
Disturbance signal

Feedback loops  [17]

33.3 AOCS Subsystem Structure

The AOCS subsystem is one of the subsystems of a satellite. Its main function is to
control the attitude and the orbit of the satellite.

The figure at
the side
shows an
AOCS
subsystem
Telemetry (to central computer) \é\;:':srnal its
interfaces.
The  figure
assumes  an
AOCS with a
dedicated
computer
separate from
the  central
satellite
computer. In
an alternative
Sensors configuration
, the AOCS is
hosted on the
central
computer.

Telecommands (from central compuler)

System Bus

Other Commands Commarnds

Actuators

Measuraments

The AOCS receives telecommands from the central computer and it
forwards telemetry datato it over the system bus. It periodically acquires
measurements (on the satellite attitude and orbital position) from a set
of sensors and uses them to compute control signals that are sent to a set
of actuators. Other commands, for special contingencies (such as for instance
forcing the AOCS into safe mode), may be routed over dedicated command lines.



http://www.pnp-software.com/AocsFramework/AocsBackground.html#Telecommand
http://www.pnp-software.com/AocsFramework/AocsBackground.html#Telemetry
http://www.pnp-software.com/AocsFramework/AocsBackground.html#SystemBus
http://www.pnp-software.com/AocsFramework/AocsBackground.html#AocsUnits
http://www.pnp-software.com/AocsFramework/AocsBackground.html#AocsUnits
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Telecommands (from central computler)

Sysftem Bus

Telametry (to cantral computer)

Other Commands

Because of its complexity, the
AOCS is often organized
around a dedicated AOCS bus
over which communications
between the AOCS computer
and the AOCS sensors and
actuators take place. The
resulting structure is shown in

the figure at the side.
AQCS Bus

Sensor 1 Sensor 2 Actuator 1 Actuator 2

SIMULATION ENVIRONMENT

An essential requirement in order to develop and verify var