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* QB50 Project
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« An international network of 50 CubeSats for multi-point, in-situ, long-duration

measurements and in-orbit demonstration in the lower thermosphere

» A network of 50 CubeSats sequentially deployed

+ Initial altitude: 350 km (circular orbit, high inclination)

* Downlink using the QB50 Network of Ground Stations

= von Karman Institute
for Fluid Dynamics www.QB50.eu



SEVENTH FRAMEWORK
PROC RNV

QB50 - The CubeSat

On a Double CubeSat (10 x 10 X 20 cm3):

von Karman Institute
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Science Unait:

Lower Thermosphere Measurements
Sensors designed by MSSL
Standard sensors for all CubeSats

Functional Unait:

Power, CPU, Telecommunication
Optional Technology or Science Package

Universities are free to design the

functional unit

www.QB50.eu



Sensor Selection

SEVENTH FRAMENDRE
PRIHE AN

FIPEX sensor

Set 1

lon-Neutral Mass Spectrometer (INMS)

2 corner cube laser retroreflectors (CCR)*
Thermistors/thermocouples/RTD (TH)

Set 2

Flux-®-Probe Experiment (FIPEX)

2 corner cube laser retroreflectors (CCR)*
Thermistors/thermocouples/RTD (TH)

Multi-needle

Set 3

A set of 4 Langmuir probes (MNLP)

2 corner cube laser retroreflectors (CCR)*
Thermistors/thermocouples/RTD (TH)

lon Filter lonizar Analyzer
[— T~ |

* Offered as an option e
2)
|

Schematic of the
principle of working
of the INMS

— =€0= von Karman Institute
= Fmnr TTasi o Thains masnsam

Langmuir probes | , mf

Miniaturised charged particle
analyser along with the Improved
Plasma Analyser
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201.10

QB50 MNLP Sensor set

227.00

MNLP SU PCB
Keepout area
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61l TEAMS
QB50 CubeSat Teams

SEVENTH FRAMENORK
PROGRAMVE

von Karman Institute
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Programmatic

SEVENTH FRAMEWORK
PROGRIMMNE

Next steps

- Sign the Contract with VKI

- Register the QB50 “Space Object” in Belgium
- less paper work for CubeSat teams
- 3" party liability on Belgian State

- “registration” does not mean “ownership”

- Frequency allocation through Belgian Authorities
- Fill in and send the Frequency Allocation Form
- AMSAT is supporting QB50,

- Info on all paperwork (export license, ITAR, etc ...)

= von Karman Insritute
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- The Precursor Flight

St iUI AU ﬂDﬁ(

« Objectives: flight demonstrate/risk reduce key ‘
elements of the main flight such as:

+ deployment building block ﬁ
Quadpack

+ common Sensors )

. Surrey (SSC) ADCS | \ /

+ satellite control software i / '

e operatlons

» testbed for new AMSAT
technologies

 managed by ISIS
« flight planned may 2014
« launcher: Kosmotras Dnepr

=€9= von Karman Institute
2 == for Fluid Dynamics www.QB50.eu




N QB50 Requirements

P ROGRAMME

« CubeSat teams and VKI shall sign a Contractual Agreement

» CubeSat teams shall deliver their fully tested flight model CubeSats to
|ISIS no later than 4 months before the launch date.

* The CubeSats shall be launched into a circular orbit at 350 km altitude.

« CubeSats carrying the standard atmospheric sensors shall commence
payload operations within 7 days after deployment, and secure the science
sensors to look in the ram direction with a precision of £ 10°, and to operate
for a minimum period of two months.

« CubeSat teams shall have access to a ground station with uplink (VHF-
band) and downlink (UHF-band) capability.

» CubeSat teams shall provide selected science data (quick-look data) and
key housekeeping data in real time to the Mission Control Centre and fully
processed science data, key housekeeping data to the Data Processing
and Archiving Centre (DPAC) within 3 after the end of the mission
operational phase.

— = von Karman Institute
=
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WEVERTH FRAMEWORK
PROGRAMME

Structural Subsystem

* QB50-SYS-1.1.1.
...2U shall be 100 x 100 x 227mm
...3U shall be 100 x 100 x 340.5mm

* QB50-SYS-1.1.2.
...shall fit entirely within the extended
volume...

Back
Extension

* (QB50-5YS-1:1.3:

...mass shall be no more than 2.0kg for
2U and 3.0kg for 3U

Structural ADCS EPS OBC / OBDH TT&C Thermal

General

== von Karman Institute
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SEVENTH FRAMEWORE
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Attitude Determination and
Control Subsystem

* QB50-SYS-1.2.1.
...shall be able to recover from tip-off
rates of up to 10°/s within 2 days (TBC)

* QB50-SYS-1.2.2.
...shall have an attitude control with
pointing accuracy of £10° and pointing
knowledge of £2° from its initial launch
altitude of 350km down to at least
200km (TBC)

Structural 1 OBC f OBDH General

— =€0—=- von Karman Institute
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S[VENTH FRAMH\‘ORK
PROGRAMME

* QB50-SYS-1.3.2.
...shall be able to survive in a powered-
down state without battery charging,
inspection or functional testing for a
period of up to 2 months (TBC)

Structural ADCS EPS OBC / OBDH TT&C Thermal General

— =€)=- von Karman Institute
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- On-Board Computer and
On-Board Data Handling

5E'I'E MTH FR‘.l'-'.H EWORE
PROGRAMME

* QB50-5YS-1.4.2.
...shall collect whole orbit data and log telemetry every minute

« Satellite Control Software
— Ground station interface software
— CubeSat Control System
— Operations User Interfaces software
— Communications handling with the DPAC and MCC

Structural ADCS EPS OBC f OBDH TT&C Thermal

General

= von Karman Institute
. frr Fluid Thmamice

L
i
N |I | I|III e
i \
Al
'Illnl:':':i‘ ﬁ'.:':'.'.‘
“I'Ih

wrarar (RS0 an




- On-Board Computer and
On-Board Data Handling

5E'I'E MTH FR‘.l'-'.H EWORE
PROGRAMME

* QB50-5YS-1.4.2.
...shall collect whole orbit data and log telemetry every minute

« Satellite Control Software
— Ground station interface software
— CubeSat Control System
— Operations User Interfaces software
— Communications handling with the DPAC and MCC
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_7_ Telemetry, Tracking
| and Command

* QB50-SYS-1.5.1.
...shall use a downlink data rate of 9.6 kbps

* QB50-5YS-1.5.2.

...shall communicate a volume of at least 2
Megabits of science data per day....

* QB50-SYS-1.5.7.
...shall use an uplink data rate of 1.2 kbps

*QB50-5Y5-1.5.9.

...CubeSat provider shall have access to a
ground station.....to send telecommands....

Structural 1 OBC f OBDH General

— —:_{@t-;_f_ von Karman Institute
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SEVENTH FRAMEWORK
PROGRAMME

Thermal

* QB50-SYS-1.6.1.
...shall maintain all its electronic components
within its operational temperature range while
in operation and within survival temperature
range at all other times

Structural ADCS EPS OBC / OBDH TT&C Thermal General

von Karman Institute
for Fhiuid Thmamics www ORS00 en
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General Requirements

* QB50-5Y5-1.7.1.

...shall be designed to have a lifetime
of at least 3 months....

* QB50-5YS-1.7.3.
All RBF items shall be identified by a

bright red label....containing... REMOVE BEFORE LAUNCH
“REMOVE BEFORE FLIGHT” or
“REMOVE BEFORE LAUNCH” and the QB50 - MYCUBESAT

name of the satellite printed in large
white capital letters

OBC / OBDH

— %"9;—:5_— von Karman Institute
1 =\< for Fluid Dynamics www.QB50.eu




BeEagleSAT of QB50

« BeEagleSAT is a joint project of Istanbul
Technical University, Turkish Air Force
Academy, and Sabanci University.

* One of possible 2U CubeSats of the
QB50 Network

SEYENTH FRAMEWORK
PROGRAMME




BeEagleSat Overview

A double CubeSat

* employing the Sensor Set #3 of QB50
— “Multi Needle Langmuir Probe,
— Corner Cubes and Thermistors”,

* In house developed systems
— 2U structure,

— ADCS system with magnetorquers and a
momentum wheel, sun sensor, GPS

— electrical power system,
— on-board computer and MODEM and
— the secondary payload, the X-Ray detector.




BeEagleSat Overview

developed to meet the mass, volume, link
and pointing requirements of the QB50.

The functional unit will provide the
required link and power to the science unit
and to the own experiments.

All the tests will be carried out at existing
ITU laboratories.

X-Ray detector system Is being developed
by the Sabanci University team and the
ITU project team.



ITU Development and Test Infrastructure
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Design- Development phases

Test & Integration
Infrastructure / Payloads
/ Systems
Thermal Vacuum, Vibration,
EMC

Satellite
Design / Analysis / Production

Ground Station

«Conceptual design
*Desktop model
*Engineering model
*Flight Model

Istanbul Technical University - Faculty of Aeronautics and Astronautics
http://usl.itu.edu.tr
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Data Bus Power Bus
I'C 3.3V/5V/Float

1
mu o8¢
=P 2xMSPA30F5438 - 2x IC, SPI OBC :
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" R Communication
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400MHz ARM microprocessor Actuators 1
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Release Mechanism &
+ Interface
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Thermal Sensors
Payload
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X-Ray Detector
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ADCS of BeEagleSat

employing sensor set #3

— 5 degrees of determination accuracy and

— 15 degrees of control accuracy

between the altitudes of 380 and 200 km.

Below 200 km, there are no accuracy
requirements.

A three-axis attitude control employing 3
magnetorquers and a momentum wheel is
foreseen.

Use of sun senors and GPS




ADCS of BeEagleSat

* Analysis and evaluations,
— Accuracy
— Ease of development
— power and
— cost

 Algorithms and software development



EPS

Derived from the previously developed
EPS of the 3U CubeSat, 3USAT

Prepared to meet the QB50 requirements
Limited power for tight pointing
requirements.

Power will be provided by COTS solar
panels and batteries.



POWER BUDGET

A ERRF AN . R

Number
Power of units | Mode | Mode De | Mode
Consumption | on Safe Tumble Operation
OBC 0.1 1 100 100 100
MODEM 1 1 4 10 10
EX 0.1 1 0,1 0.1
T 1 3 99 99

ADCS 1 5 0 100 100
MMeasurement | 0,05 0 100 100
Calculation 0.25 0 100 100

Actuation 0.7 0 100 50
Expenment
Ut 0 1 0 0 20
Science
Payload 2.7 1 0 0 22
Sum loads (W) 0.2 1.2 1.44
Efficiency 0.85 0,85 085
Power Consumed 0.235 1412 1.6941176
Power Generated 0.55 1,72 1,72
Power Margin 0315 |[0308 00258824




OBC/OBDH and COMMS

Critical volume and mass budget,

Gather electronic systems on a PCB together
to meet mass requirement

Combined OBC and MODEM transceiver on
a single board is currently under development

To increase reliability the system is designed
In a redundant manner.

— OBC will have dual microcontrollers and MODEM
will have dual redundant transceivers




OBC-MODEM

POWER BUS

DATA BUS UART-I2C-SPI-Digital

master . . slave (

Modem Modem ‘
master slave




Ground Station, VHF/UHF
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BeEagleSAT Control Unit and
X-ray Detector Payload.

*N”( 2
& (’4;.
7
3 %
2 )
< 3
)
1773

X-ray detector module
MCU (independentg

AS|Ce—
CdZnTe Crystal

Batteries (independent)

Main scientific
payload of QB50

On-board computeg—
Power - Battery

UHF-VHF
ADCS Computer

ADCS actuators

Preliminary drawing !



INTEGRAL

Motivation [P e

« Space heritage of
single crystal CdTe and |
CdZnTe X-ray detectors:

ISGRI on INTEGRAL

BAT

BAT on Swift i T [EE
Coded mask imaging of large field e e
of views above 20 keV. i 5% T
XRT 4 - o - IEEEE !
Bl ¢ 5 i k
.’ : “_ z {mam = o

2 swiFT &

= o Spacecraft

« Space heritage of pixellated,
CdZnTe detectors: NuStar focal
plane CCD with X-ray
telescope.

Impressive minimum energy of a
few keV — high resolution
Imaging up to 60 keV

NuStar




Motivation

Qo 3
~— | to measure
payload X-l%y diffuse

detect GRBs. - haokgroumcc
:Nb science data ~\ 12

Space heritage of large crystal orthogonal strip
detectors : NONE!

Other aims:
Test RENA 3 (NOVA R&D¥*) readout electronics in space
Measure X-ray background spectrum at very low Earth orbit.
Lay foundations of producing scientific space payloads in
Turkey!



CdZnTe orthogonal strip
X-ray and Gamma-ray detectors

« Why CdZnTe?

— High band gap (~1.6 eV)
semiconductor crystal allows room A
temperature operation! b Y

— High atomic number composition ol N M A
allows reaching a few hundred keVs |

with with a few mm thickness.

— Moderate energy resolution (good
enough for astrophysical continuum)

major problem: poor hole transport .. "
properties. Solution: make anodes tiny, - A
use large planar cathodes, and an
essentially make the detector sensitive }

only to electrons (small pixel effect)



Cross-strip detector with steering electrodes
« Optimize anode/steering electrode/gap widths for best performance
(energy resolution, charge collection efficiency, and noise!)

Anodes
200

Sas :
Steering Electrodes

X —position from one (or multiple) anode strip(s)
y — position from one (or multiple) cathode strip(s)
Advantage: 2xN electronic channels for NxN resolution
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L, 4

0 100 200 300 400 500 0 100 200 300 400 500

Create clouds of charges
‘ (GEANT), follow their track

taking into account
diffusion and repulsion (IDL

sing COMSOL determine
E field and weighting potentials
in 2D and 3D.

o B L rre
100 200 300 400 500

Obtain
induced
charges as
a
function of
time
for all strip
taking into
account
trapping,

Using GEANT,
determine interaction
positions and
energies

detrannina
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Power Management of XRD [t
The payload will have its own =
battery and power system
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Power Management — current statu

We first designed the circuits to produce necessary voltages from the battery, simula

them and finally produced prototype circuits. We obtain all required voltages, some
ripple and noise measurements still underway.

1.5V, 2V, 33V, 3.5V, 5V required for the ASIC t
operate are produced from the battery
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Timer Interrupt

Comman d from
satellite computer

Signal Processing

Y

and storage
The payload has its own

MSP430 microcontroller Command o

and storage unit, and will

transfer data to satellite

computer for telemetry
when asked. G

Current status: We are programming the MS
to work with the RENA 3 ASIC.

Due to power and telemetry constraints the system
will be operated intermittently. The preliminary estimates
show ~140 hours of available power from our batteries.

Restart RENA

Go to sleep mode)




Challenges and work in progre

- Low noise power circuits for the ASIC, and the detector (300 V). Preliminary ripple

and noise measurements are ok.
- Optimization of the data taking due to telemetry constraints (trade off issue)

- Attachment of the 3 mm thick, 20 mm x 20 mm CdZnTe crystal to the board and
maintaining electrical contacts on the cathode side (next slide).

« Project management and coordination between Sabanci and ITU
Is handled by online project management tools and weekly meetings

o e
CdZnTe X-ray detector payload on ITU BeEagleSAT

tabbed : flat
Tasksl Tm(nmm)l Fotu-ns| camcmnl Yas‘xLogsI Evemsl F-bsl

[4] From: [01/10/2012 | 4= Te: [28/02/2014 | 4= [ Showcaptions () Show work instead of duration [ Sort by Task Name ]

show this month : show full project

2812 | 2813 2814
Task name Dur Start Finish Oct | Mov | Dec | Jan | Feb | mMar | Apr | Moy | Jun | Jul | Rug | Sep | Oct | MNov | Dec | Jan | Feb |
Control System 300h 28/09/2012 28/06/2013
Microcontroller 300h 28/09/2012 31/05/2013
Analog interface 100 h 017112012 10/05/2013 P AN T AR ASRON A,
Power System 200h 28/09/2012 31/05/2013
5V DC/DC Converter S00h 28/09/2012 17/05/2013 i
HV Generator 500 h 28/09/2012 17/05/2013 =
Traformer Selection&Design 32h 29/11/2012 (2—4,'12“231?
Battery 40h 28/09/2012 15/02/2013
3.3V DC/OC Converter 200 h 28/09/2012 10/05/2013 i
Reference Voitage Generator Sub-s 30h 10/03/2013 10/05/2013 c:
3D Drawin gs 20h 09/11/2012 01/02/2013
test voltages, currents and their 4h 04/01/2013 11/01/2013 e
PCB 1 11/03/2013 14/06/2013
Mehcanical 200h 01/07/2013 10/01/2014 _ 3
Design review, final design 100 h 01/07/2013 01/08/2013 EEEEES
Power management implementation 100h 01/08/2013 03/01/2014 L i
Control hardware and software imp 100 h 05/08/2013 17/01/2014 £ H
Crystal attachment. HV filtenng 100h 05/08/2013 03/01/2014 3
Board production and electrical t S0h 16/12/2013 17/01/2014 R
Thermal and vibration tests 100 h 20/01/2014 07/02/2014 E=3
Noise charactenzation at SUNUM 20h 10/02/2014 14/02/2014 B
Delivery of flsght module 40h 17/02/2014 28/02/2014 3




Outlook — prototype to real Imager

4 crystals, 40 mm x 40 mm area, 32 x 32 (equivalent) pixels read by 4 RENA 3b
ASICs. - Simulations

Strip thickness based
on optimization

e

|




Conclusions

ITU, TurAFA and SU along with national space industry
benefit from QB50.

A 2U CubeSat with sensor Set 3 is being developed.
A local X-Ray detector will be space tested.

Students, through hands-on work, developing the
necessary skills and experience to succeed in the space
iIndustry.

Overall, the QB50 project providing an outstanding
Intercultural experience and a global network of students
and engineers with the possibility of exchange and
cooperation programs.
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Thank You...

Allm Rustem ASLAN

Istanbul Technical University

Department of Space Engineering

+90532 480 3449
aslanr@itu.edu.tr
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