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Aims and Objectives

Long Term Aims Objectives 2013/14

o Develop a CubeSat platform for o Design and manufacture a
scientific experiments CubeSat (100mm cube)

o REXUS Launch 2015 o Integrate a payload that measures

sodium and O, light absorption
levels in the Earth’s atmosphere

o Apply for REXUS programme

Revised objectives (December 2013)

o Design CubeSat to carry an
experiment at altitudes of
approximately 90km.
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Balloon Launch

g‘- Balloon bursts
/at flight apex

O]

7
Balloon lifts r/ \ L Weather

experiment to !
P \ balloon

30km altitude \5 /J

Parachute inflates,
returning CubeSat
safely to Earth

Parachute

Fibre optics begin
to capture light @]} CubeSat

for gpectroscopy % Recovery of CubeSat
readings
& and analysis of Images
and data
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REXUS

FFU ejected at

Rocket Experiments for University apogee, near g = gFlf(fta"S
90km altitude, \ acslo.
Students data capture/ eartth with
a streamer
REXUS 17/18 begins -
Selection workshop December 2013 orematet
Preliminary Design Review March ‘
2014 Motor &
Nosecone
Launch March 2015 Aotaoh hadi l HidBien
60km altitude chute box
"‘\& detached
““““““““ to deploy
parachute
REXUS 17 ,
launches from ~ CubeSat unit
Northern recovered if
Sweden possible
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Project Planning

Qtr 4, 2013 Qtr1, 2014 Qtr 2, 2014 Qtr 3, 2014 Qtr 4, 2014 Qtr1, 2
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Od Nov Dec Jan F

I Initial project research

Mechanical design O PrOjeCt aCtiVitieS
S CubeSat ghassis design throughout the year

I  Domes design

o i g3 5 P o Ends with handover 2014-
I [CubeSat chassis manufacturing 15 WUSAT team

RMU chassis design
Electronic design

NN Communication system defelopment o Next REXUS deadline 10t

Microcontroller programming

lopment J U n e

Temperature sensor system development
I Photodiode array circuit developmemt

i  Communication system re-development

P | PCB Design

& PCB design completed

@ PCB Fabrication
I Umbilical cord design
i RMU design
@ All designs completed
I Testing for balloon launch

I Balloon Launch

I Final design manufactring

B Final design testing @I}SAT.Z




Why design a CubeSait?

Simple and accessible platform
for experiments

Technological demonstration

Low-cost, low-power, replicable
CubeSat technology

Analysis of atmosphere —
climate and looking for signs of
life on exoplanets

Established concept, widely
used
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Mechanical Design
Chassis & Thermal Insulation
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Chassis Design

o Based prototype from 30km
balloon launch

o Redesigned this year:
o Environmental protection
o Fixing points for optics
o Ease of access

o Optimised manufacture and
assembly

o Ejected module stats

o Max Dims: 100x100x182mm

o Mass: 1kg
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Thermal Insulation

o Internal insulation using aerogel -
Spacetherm ™

Typically used in space applications

o Low thermal conductivity and
lightweight

o Lowest expected temperature -40°C

Property Value
Thermal Conductivity, k 0.015 W.mK1
Density, p 150 kg.m"3
Specific Heat Capacity, c, 1 kJ.kg K1
Thickness, x 0.005m
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Mechanical Design
Validati

Thermodynamics Mechanical
o ESATAN — TMS modelling o Chassis tolerance
o Maintained internal o FEA

temperature of 32.5°C o No von Mises stresses over

10% of the Yield stress

Chart 1 (BASIC_CUBESAT_ACASE(01.TMD2, 24/04/14 14:41)
350

Time [s]
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Electronic Design
Payload, Control & Power
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System Architecture

Key components

O

O
O
O

O

PIC24
XBee Pro 868
AD7814 t° sensor

RS151-221t°
sensor

uBlox Max 7 GPS

MAX 349
multiplexers

MC33269
regulators

Li-ion 3.75V 2.2Ah
batteries
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PIC24

O O O O O

O

Software Design

-40 to 150°C

40 MHz

UART

SPI

12 bit ADC

21 1/0 pins
Watchdog timer

MPLAB®X IDE

O

O

O

C++
Code libraries
Debug tools

Clock locking and
initialisation

V

Port and
peripheral
initialisation
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Communications

Communications Link

o XBee Pro 868 transceivers used
to transmit and receive

o Using 868 MHz SRD band

o Communicate with
microcontroller using UART

o Circular polarised patch antenna |---—--—___________
with 4.5 dBic in satellite

o Yagi-Uda antennas in ‘cross-
boom’ configuration with 23 dBi
at ground station

Ground station

l GPS antenna Yagi antenna

Patch antenna

S (|
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Spectrum Sensor

o Optical filters to isolate desired
wavelengths

o Photodiode sensors will be used

o Operation in photovoltaic mode using
current-to-voltage converter

o Calibrated empirically using test board

l 600
Wavelength (nm)
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Electronic Design Validation

Photodiodes

o Exposed to ambient light
and shaded

o Output swing between 3.3V
and 0.15V

GPS
o GPS module interfaced with
laptop
Temperature sensors

o Internal and external
sensors read 20.25°C and
20.1°C

Communications

o Signal transmitted across
laboratory

o Stable signal received
without antennas

I
ap Data | 50mL—— 1| Terms ofUse | Reporta map emor

(WUSAT-2




Payload Design

Fibres & Dome Design
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Fibre Selection and

Arrangemenf

o Fibre optics act as apertures

o 60 degree acceptance angle

o Testing carried out with red light to
compare fibre types

o Held in place by 3D-printed concentric
domes to ensure all-round light coverage
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Payload Design Validation

o All-round light coverage

o VeroWhite acrylate material new and
untested

o Samples subjected to sustained
cooling with DMTA and thermal
shocking with liquid nitrogen, then
mechanically tested
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REXUS
o SEDv2.0

Ongoing Work

Half 1, 2014 Half 2, 2014 Half 1, 2015
O N D|J FMAM J|J) A S O NDI|J FMAM,

B REXUS Selectionjworkshop

o Critical Design W= REXUS preparatipn

Half 2, 2015
J A S O N D
REXUS

Review
Balloon launch
Design work

o Heat shield
o Recovery module

Handover

at Esrange Space Centre
B SEDv2.0
I CDR at Oberpfaffenhofen
B SEDv3.0
B IPR at experimenters’ organisation
| SED v4.0
B EAR at experimenters’ organisation
B Delivery of Experiments to ITW at ZARM Bremen
B Bench Test at DLR Oberpfaffenhofen
B Spin and Balance Test
B Campaign at Esrange

B Flight Report Documentation
B REXUS post flight Report

B SEDv5.0
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Ovutcomes & Conclusions

Successfully applied for REXUS
programme

Redesigns

o Chassis and insulation

o Electronics

Integrated a solar spectroscopy
payload

Successfully tested individual
subsystems

szz3ziii
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Any Questions?

References can be found in slide handouts
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