
Warwick University Satellite Team
To the Edge of Space:
Development and Launch of an Atmospheric Probe
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About the project and our achievements

• WUSAT-2: a free falling probe with science payload

• Successfully launched on the 2 year REXUS 
programme

• Established a live communications link from a free 
falling unit
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Image: The REXUS 17/18 student teams and Payload managers



Introductio
n

Aims & Objectives AnalysisDesign Manufacture Campaign Results Further workTesting

Working to REXUS timescales
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Coventry, 
WUSAT HQ

Bremen, 
Integration week
December 2014

Munich, 
Bench test

January 2015

Kiruna,
Campaign 

March 2015

September 2014

November 2014

December 2014

January 2015

March 2015

This years team took over

Design review

Integration with rocket

Final system check

Rocket launch

June 2015
Results symposium

Tromsø,
Results Symposium 

June 2015
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Overall aim

 “To enable continual 
development of CubeSat capabilities 
within the University of Warwick for 
space research” 

Specific aims and objectives of the project

This years objectives

1. Design, manufacture and test a 
CubeSat

2. Pass all tests specified by the 
European Space Agency 

3. Establish contact with a ground 
station via a communications link

4. Measure atmospheric levels of 
Na and O2 

90km

6



System overview
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REXUS 17 sounding 
rocket

Nosecone with WUSAT 
module

FFU RMU and RMU 
electronics box

FFU

RMU

RMU 
electronics box

Rocket integration
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What the payload does 
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• Specified by the Department of Physics 

• Detect amount of Na and O2 based on wavelengths of light 

• Proof of concept design

• Detect other planets ability to sustain life 



Mechanical design
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• Spring based ejection system

• Low friction teflon rails

• FFU constrained by tensioned wire

• Safety blocks (red) prevented ejection incase of wire 
failure

The RMU ejects the FFU at apogee

Full RMU assembly

RMU electronics

CAD construction
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The FFU free-falls through the air
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• Light enters through the domes

• Beams transported by fibre optic cables

• Optic filters held in 3D printed barrel

• Electronics mounted to vertical rails

• Batteries held against heat sink

• Heater and insulation provide thermal 
control

Full FFU CAD assembly Internal components



Electronics design
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Split into three sections

• FFU

contains optical 
measurement system 
and electronics required 
to transmit to ground 
station

• RMU

serves as an interface to 
the REXUS service 
module and provides 
the FFU with power for 
battery charging and 
the heater

• Ground station

Electrical System Overview
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Electrical System Architecture
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Electronic components manage the system
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RF Board

Control Board

Optical Board

Photo-diode Array

RMU Board

DC-DC Converters

Radio Transmitter Module

Connectors

FFU

RMU
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Data is transmitted on a wireless link

• FFU tumbles as it falls

• 2 monopole antenna to fit in the 
RMU and to have linear polarisation

•  180° phase shift between antennas 
produces the spherical gain pattern
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The ground station receives the data
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• Directionality of antenna had to cover 
descent of FFU from 90-30km

• Custom helical antenna designed to 
have beam-width that covers area of 
interest during descent
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And software interprets the data 
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Live display of data as it is 
transmitted

Status of the 
experiment

Three pieces of software 
were made for the:

1. FFU

2. RMU

3. Ground station



Analysis

Introductio
n

Aims & Objectives AnalysisDesign Manufacture Campaign Results Where next?Testing



Introductio
n

Aims & Objectives AnalysisDesign Manufacture Campaign Results Further workTesting
Introductio
n

Aims & Objectives AnalysisDesign Manufacture Campaign Results Where next?Testing

21

Structural analysis

Antenna design

Thermal 
analysis

Analysis of design used a variety of software
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• Numerical analysis was used to predict the 
falling probes trajectory

• Ensured it stayed within the impact area

• Used to calculate the pointing angle of the 
ground antenna

Trajectory analysis predicted the flight path
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Communications Link budget
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Manufacture
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Materials and processes were fit for purpose`

Aluminium 7000 series

3D printed parts from ABS

Laser cut acrylic
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The final assemblies…
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FFU assembly

RMU assembly

Antenna at ESRANGE



Testing
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Systems were tested at the University
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• Thermal – Testing chambers at the School of Engineering

• Vibration – at Warwick Manufacturing Group

• Communications  – Long range antenna tests

• Electronics  – Set to work

Thermal test Vibration test Communication
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Ejection test in Germany

• The system had to pass certain tests as 
requirements form REXUS

• The whole system underwent various Vibration, 
Vacuum and Ejection tests

• All tests were successful!

Vibration test in Germany

Demonstrated these at REXUS events



Launch campaign
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The count down to lift-off

9th March
Arrive in Sweden 

10-12th March
Final assembly and 
preparation for launch

T-0
Launch

T-2½ hours
Ground stations set up

13th March
Completion of bench test 
and flight simulation

16th March
Test countdown

T-2 hours
Experiments 
turned on

T-10 minutes
Final checks 
complete
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Launch!
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After T-0 hours

T-0
Launch

T+78s
Nosecone 
ejection

T+144s
WUSAT ejection T+159s

Data first received

T+230s
Last data received

T+596s
Predicted FFU 

impact time

T+2hrs
Recovery helicopter 
brings ejector back



Results
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Results
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Successfully transmitted data
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Analysis of results



Future work and conclusions
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WUSAT are aiming for an orbital launch
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• Continue to facilitate 
research experiments

• Aim for a full orbital launch

• Next years team: design of 
WUSAT-3

Overall aim

 “To enable continual 
development of CubeSat capabilities 
within the University of Warwick for 
space research” 
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Summary of WUSAT-2 Mission
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Objective 1

Design, 
manufacture and 

test a CubeSat

Objective 2

Pass all tests specified by 
the European Space Agency

Objective 3

Establish contact with a 
ground station via a 
communications link

Objective 4

Measure 
atmospheric levels 

of Na and O2



Thanks for listening!
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Back up slides
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Most components were made in house
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Electrical System Architecture
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Communications Link budget
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