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Abstract:  
SQUID, Spinning Quad Ionospheric Deployer, is a sounding rocket experiment 
developed at the Space and Plasma Physics division at KTH in Stockholm Sweden. 
It is to be launched in February 2011 from the Swedish Space Corporations's 
Esrange Space Center as part of ESA's REXUS programme. It is a step in the 
development of a sounding rocket based system for ionospheric measurements, in 
which multiple payloads are to be released from a single rocket in order to provide 
measurements on electric and magnetic fields from multiple points in space 
simultaneously. 

The main objectives of the SQUID project is to design, implement, and test in flight a 
miniature version of a wire boom deployment system called SCALE, for electric field 
measurements. It will be implemented on the SQUID experiment, which consists of 
two parts; the Rocket Mounted Unit (RMU) and the Free Flying Unit (FFU). 

The FFU will carry four wire boom deployment mechanisms. It is to be ejected from 
the rocket, quickly deploy and then retract the wire booms before entering the 
atmosphere again. The fast deployment will follow a pre-programmed deployment 
scheme to reduce residual oscillations of the wire booms, which could disturb the 
measurements. The RMU will film the beginning of the deployment, and wire boom 
dynamics data will be recorded for later reconstruction. The electric field 
measurement capability of the wire booms will be tested alongside a separate 
magnetic field measurement system. 

A parachute system in conjunction with a recovery system based on a previous 
experiment will then be used to slow the descent of the FFU and locate it for 
recovery of the data recorded during the flight. 

After the flight, data from the wire boom deployment will be used for further 
refinement of the SCALE design and to improve the deployment routine.  

 

Keywords: 
REXUS, SED - Student Experiment Documentation, SCALE. Electromagnetic 
fields, wire booms. 
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1 INTRODUCTION 

1.1 Scientific/Technical Background  
In the last few years, multi-satellite missions such as Cluster and Themis have 
shown the value of multi-point measurements to gain a further understanding 
of the complex interactions in the earth's magnetosphere. Sounding rockets 
are a cheaper and reliable way of carrying out auroral and ionospheric 
research by taking measurements in the lower magnetosphere. It is the wish 
of the Space and Plasma Physics, SPP division at KTH to be able to carry out 
multi-point measurements of both the electric and magnetic fields by releasing 
multiple daughter payloads from a sounding rocket which can be recovered 
and re-used.  

The SQUID experiment will focus on the scientific instruments for the small 
payloads. At the moment, the SPP group is involved in the development of 
instruments for measurement of the electric field in space for two missions, 
MEFISTO (Mercury Electric Field In-Situ TOol, for the BepiColombo mission 
(ESA/JAXA) [Blomberg L. et al.. 2006] and the SDP (Spin-plane Double 
Probes) for the MMS mission (NASA).  The electric field is measured using 
spherical probes on long booms. As large separation between the probes is 
required, the most lightweight and efficient solution is to deploy the probes 
using a thin wire stretched by the centrifugal force induced by the spinning 
spacecraft. The SPP group at KTH has developed a scalable lightweight 
deployment mechanism (called "SCALE”), being the basis of the MEFISTO 
and SDP systems.  

Due to the relatively short flight provided by sounding rockets, the deployment 
of the probes must be done as fast as possible in order to increase the data 
acquisition time. However, fast deployments carried out at constant speed 
induce a final residual oscillation on the probes that would complicate the 
correct interpretation of the acquired data. One of the main objectives of 
SQUID is to test and validate a deployment strategy [Ivchenko et al. 2007] 
that will minimize those residual oscillations, ensuring a better quality of the 
electric field measurements.  

Measurements of electromagnetic fluctuations in the range of up to 10 kHz 
allow studying of numerous natural processes in the ionosphere. To measure 
the magnetic component of the variation, induction magnetometers are used. 
Typically long booms are required to keep away the sensor from the 
disturbances created by the payload itself. In SQUID a new miniature three-
axis sensor will be validated. It will consist of three mutually perpendicular 
induction coil sensors mounted inside one of the spherical probes. Modern 
design and special arrangement of magnetic field concentrators allows 
obtaining unprecedented sensitivity threshold in such tiny dimensions. The 
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combination of electric and magnetic field meters in one device allows 
reducing the number of necessary booms.  

To slow the descent, protect the experiment at landing, and facilitate in 
recovering it, airbraking, landing and recovery systems will be used. The 
original plan was to use an airbag design based on an earlier experiment, 
LAPLander, which was flown on a REXUS rocket in March 2010. However, 
the post-flight evaluation showed that the system was not mature and would 
require further development. It was decided to use a more conventional 
parachute solution, which would require less time for development and allow 
more time for testing.  

 

1.2 Experiment Objectives 
The objective of the project is to design, build, and through observation 
validate a miniaturized mechanism and a novel process for deployment of 
wire booms ending with spherical probes.   

Ultimately, the design is intended for multi point measurement of electric and 
magnetic fields in the ionosphere, where a number of small payloads (≥4) can 
be released from a single rocket and provide both a temporal and spatial 
resolution of ionospheric characteristics, for space physics research.  

Primary scientific objectives of the experiment:  

• To develop, test, and validate in-flight a miniature version of the wire 
boom deployment system, to be used for future ionospheric 
measurements.     

• To observe and interpret the in-flight dynamics of the wire boom 
system from deployment until retraction, demonstrating the new 
method of fast wire boom deployment without residual oscillations.  

Secondary scientific objectives of the experiment:  

• To measure the current-voltage characteristics of the spherical probes 
deployed by the wire boom system in order to demonstrate the 
capability of probe system for measuring electric fields.  

• To validate a novel miniature induction magnetometer sensor called 
"Uniprobe", placed in one of the probes    

 

1.3 Experiment Overview 
The aim of the experiment is to design, simulate and build a scaled 
down version of the SCALE wire boom deployment mechanism. The 
mechanism is then to be implemented onto a payload which is to be ejected 
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from the rocket to gather data on the behaviour of the wire-boom deployment 
system.  

As the design is intended for future scientific missions where multiple 
payloads are to be released from a single rocket, measurement data needs to 
be recorded to an internal memory as downlinking would require large 
amounts of bandwidth in the future application. Therefore, the payload is also 
to feature airbraking and recovery systems to protect the payload at landing 
and make recovery of the recorded data possible. A parachute system is used 
for airbraking the payload in preparation for landing. For locating the payload 
on the ground a satellite modem transmitting the payload's GPS position as 
well as a radio beacon will be used. 

To demonstrate the deployment of the wire booms, data on the payload 
attitude and dynamics of the spherical probes will be recorded. The 
deployment will follow a predefined schedule, where an interval with reduced 
cable feed-out rate will be added prior to stopping, to bring the wires into 
radial position with reduced residual oscillations. The wire booms will then be 
retracted back into their stowed positions. Electric potential of all the spherical 
probes will be recorded during the whole process  

1.4 Team Details 

1.4.1 Contact Point 
The SQUID Team, Gustav Casselbrant, 

Space and Plasma Physics, 

School of Electrical Engineering, 

Royal Institute of Technology (KTH) 

Teknikringen 31, Stockholm, 

S-10044 Sweden 

 

Email: squid@ee.kth.se 

Phone: +46 735 30 23 67  

 

1.4.2 Team Members 
At the time of the CDR, the team consists of eight participants. To create an 
effective working environment, regular group meetings and discussions are 
held. To simplify the collaboration between the group members as well as for 
keeping an overview of the project the application Basecamp 
[http://basecamphq.com/, 37signals. 2010] is used. This is a simple project 
management and collaboration tool.  
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Details of each group members, areas of responsibility and availability are 
given below. Note that the availability is not only referred to personal time, but 
also to the time corresponding to the academic credits that are received from 
project courses.    

The star in responsibility areas denotes that the member is primary 
responsible in that area.  

Gustav Casselbrant:  

Team Leader 

Education  

• Master of Science in Electrical Engineering, KTH Sweden, (3 years of 
5)   

Involved in the responsibility areas  

• General project management*  

• Electronics & Software  

• Documentation  

• Outreach*  

Availability  

• 50% through the spring of 2010  

• 25% throughout the remainder of the project runtime   

 

Alba Monica Alaniz Flores:  

Education  

• Master of Science in System on chip design (Ongoing 2nd year of 2), 
KTH,Sweden 

• Computer Engineer, Universidad Nacional Autonoma de Mexico 
(UNAM), Mexico.  

Involved in the responsibility areas  

• Electronics and Software*  

• Outreach   

• Documentation* 

Availability 

• Full time until September 2010 
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David Bergman:  

Education  

• Master of Science in Aerospace Engineering (Ongoing 2:nd year of 2), 
KTH, Sweden  

• Aeronautical Technical Engineer, Mälardalen University, Sweden  

Involved in the responsibility areas  

• Actuators*  

• Landing system*  

• Boom system design and testing  

• Dynamics modeling  

• Outreach  

Availability  

• 50% through the project runtime  

 

Georg Schlick  

• Master of Science in Mechanical Engineering/Microtechnology, TU-
München, (ongoing 4:th year of 5) 

• Master of Science/double degree in Mechanical Engineering/ 
Mechanics, KTH Sweden, (ongoing 1 year of 2)  

Involved in the responsibility areas 

• Boom system dynamics 

• Manufacturing 

• System tests 

Availability 

• 50% through the autumn of 2010  

 

Jacob Michelsen:  

Education  

• Master of Science in Aerospace Engineering, KTH Sweden (Ongoing 3 
year of 5)  

Involved in the responsibility areas  

• Documentation     
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• Outreach  

• Boom system design and testing  

• Dynamical modelling  

• General project management  

Availability 

• 50% through the spring of 2010  

• 25% throughout the remainder of the project runtime   

 

Jiangwei Huang:  

Education  

• Master of Science in Engineering Mechanics,KTH Sweden,(ongoing 1 
year of 2)   

• Mechanical Engineering and Automation, Shanghai University of 
Engineering Science, China 

Involved in the responsibility areas  

• General Structure*    

• Boom system design and testing  

Availability  

• Half time  

 

Mario Valle Rodriguez-Navas  

Education  

• Master of Science in Aerospace Engineering (Ongoing 2nd year of 2), 
KTH, Sweden  

• Aeronautical Technical Engineer, Universidad Politécnica de Madrid, 
Spain   

• Work experience: One year traineeship on the structures and 
mechanisms department of INTA, Spain   

Involved in the responsibility areas  

• Boom system design and testing*  

• Dynamics modelling*  

• Actuators   
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• General Structure  

Availability 

Minimum of 6 months full time, spare time until launch 

 

Mark Honeth  

Education  

• Master of Science in Space Science and Technology, Luleå Tekniska 
Universitet, (Ongoing 2nd year of 2)  

• Bachelor of Science in Engineering in Mechatronics, University of Cape 
Town (UCT), South Africa  

Involved in the responsibility areas  

• Electronics and Software (Electric field instrument)  

Availability 

• 30% February-June    

 

Mikko Laukkanen  

Education  

• Master of Science in Aerospace Engineering (1 year of 2), KTH, 
Sweden  

• Aeronautical Technical Engineer, Mälardalen University, Sweden  

Involved in the responsibility areas  

• Electronics and Software  

• Landing system 

Availability 

• 50% June 2010-June 2011 

 

Malin Paulson  
 
Education  

• Master of Science in Mechanical Engineering (5 year of 5), KTH, 
Sweden 

Involved in the responsibility areas  
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• Boom system design and testing 

Availability  

• 100% August 2010-January 2011 

 

Vira Pronenko  

Education  

• External Ph.D student, department of Space and Plasma Physics KTH, 
Sweden  

• Lviv Centre of Institute of Space Research, NASU/NANU, Lviv, 
Ukraine.  

• Radio Engineer, Lviv Polytechnical Institute, Lviv, Ukraine  

Involved in the responsibility areas  

• Electronics and Software (Uniprobe)  

Availability  

• Part-time    
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2 EXPERIMENT REQUIREMENTS 

2.1 Functional Requirements  

2.1.1 Free Flying Unit (FFU)  
The FFU 

 

Shall   

F.1.1.: deploy four wire booms symmetrically to nominal length. 

F.1.2.: follow a pre-programmed wire boom deployment schedule so that 
residual oscillations of the wire booms are reduced. 

F.1.3.: retract the wire booms completely before the reentry phase. 

F.1.4.: gather data on spherical probe acceleration and angular rate as well 
as wire tension to enable post-flight reconstruction of wire boom deployment 
and retraction dynamics. 

F.1.5.: use a radio beacon to be traceable by recovery helicopters after 
landing. 

F.1.6.: gather data on its attitude and altitude from sensors in the main body 
to assist in post-flight reconstruction of wire boom deployment and retraction 
dynamics, as well as FFU dynamics in the atmosphere 

F.1.7.: deploy a parachute  

Should  

F.1.8.: gather data on the potentials of all of the wire boom probes    

F.1.9.: gather data on AC magnetic field variation in the frequency range of 50 
Hz to 10 kHz.      

F.1.10.: transmit its GPS position 

May  

F.1.11.: provide temperature readings in the electronics box     
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2.1.2 Rocket Mounted Unit (RMU)  
The RMU 

 

Shall   

F.2.1.: record video of the FFU as it is ejected   

F.2.2.: eject the FFU from the rocket at a speed that ensure no collision with 
either the experiments modules or the nosecone. 

F.2.3.: eject the FFU, non tumbling, along the rocket’s roll axis 

2.2 Performance Requirements 

2.2.1 Free Flying Unit (FFU) 
The FFU  

Shall   

P.1.1.: deploy the four wire booms to nominal length within 2% margin of each 
other     

P.1.2.:  reduce the residual oscillations to less than a 10% of the oscillations 
that the system would have with a constant speed deployment 

P.1.3.: provide acceleration measurements with an accuracy of ±0.1g  at a 
sample rate of 200 samples/sec  

P.1.4.: provide angular rate measurements to an accuracy of within 10 
deg/s at a sample rate of 200 samples/sec  

P.1.5.: be traceable by recovery helicopters during daylight hours for two days  

P.1.6.: by using the parachute reduce its speed to a maximum of 10 m/s  

Should   

P.1.7.: provide vector magnetic field measurements in the FFU body with an 
accuracy of within 500 nT at a sample rate of 200 samples/sec    

P.1.8.: provide measurements of AC magnetic field variation using the 
induction magnetometer in one spherical probe with noise level of under 10 
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pT/sqrt(Hz) at 0.1 kHz, 1 pT/sqrt(Hz) at 1 kHz, and 0.3 pT/sqrt(Hz) at 10 kHz.  
 

P.1.9.: reacquire and re-transmit it's GPS position every ten seconds during 
parachute drop phase 

 
P.1.10.: reacquire and re-transmit it's GPS position every half hour after 
landing 

May  

P.1.11.: provide temperature readings in the electronics box to an accuracy 
of ±1 degrees C at a rate of 1 measurement/sec     

2.2.2 Rocket Mounted Unit (RMU)  
The RMU  

 

Shall  

P.2.1.: eject the FFU to a speed between 2 to 3 m/s relative to rocket 

 

Should   

P.2.2.: have the ejected FFU in the field of view of the camera and provide 
video data for at least 20s usable for analysis of start of wire boom 
deployment.    

May  

P.2.3.: have the ejected FFU in field of view of the camera and provide video 
data for at least 60s, usable for analysis of the entire wire boom deployment 
phase.  

 

2.3 Design Requirements  

2.3.1 Free Flying Unit (FFU) 
The FFU  

Shall   

D.1.1.:  fit within the nosecone of the REXUS rocket 
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D.1.2.: have its COG centered in both the radial and axial direction, 
within ±5mm in radial direction and ±10mm in axial direction. 

D.1.3.: withstand the mechanical and thermal stress of the launch 

 

D.1.4: deploy an airbag system to brake its descent (NOT APPLICABLE, 
AIRBAG SOLUTION DISCARDED) 

D1.5: be built to withstand minimal damage at impact with airbags deployed 
(NOT APPLICABLE, AIRBAG SOLUTION DISCARDED) 

D.1.6.: use batteries that are qualified for use on in the REXUS system.  

D.1.7.: have sufficient battery capacity and memory to handle the preflight 
tests. 

D.1.8.: comply with the legal requirements for radio transmission  

D.1.9.: comply with the REXUS thermal requirements    

D.1.10.: have enough space to house the parachute and landing system, 
ensuring low friction during parachute deployment. 

D.1.11.: be built to withstand the impact with airbraking system deployed 
without damaging the internal electronics. 

D.1.13.: not interfere with REXUS HF transmissions and electronics. 

 

Should   

D.1.12.: survive reentry without any major damage to internal components   

2.3.2 Rocket Mounted Unit (RMU)  
The RMU  

Shall  

D.2.1.: not interfere with the REXUS rocket electronics 

D.2.2.: comply with the REXUS thermal requirements 
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D.2.3.: withstand the mechanical and thermal stress of the launch 

D.2.4.: convert the 28 V power feed from the RXSM to 8 V for powering the 
FFU until ejection 

D.2.5.: not interfere with the ejection of the FFU 

D.2.6.: protect the camera memory during normal rocket re-entry and landing  

D.2.8.: be able to withstand the mechanical stresses of the ejection spring, 
2000N, without deforming.  

D.2.9.: be possible to mount and secure to the existing REXUS rocket magic 
hat cylinder.  

 

May  

D.2.7.: provide protection for the camera memory in the event of a head-on 
re-entry of the rocket.  

 

2.4 Operational Requirements 

2.4.1 Free Flying Unit (FFU)  
The FFU  

Shall   

O.1.1.: disable power to the wire boom, hatch opening, and radio 
transmission subsystems of the FFU until ejection from the rocket. 

O.1.2.: provide warnings on the pressure tanks to prevent them from being 
opened while pressurized. (NOT APPLICABLE, AIRBAG SOLUTION 
DISCARDED) 

O.1.3.: work independently of any control from the ground or RMU after liftoff.  

O.1.4.: have a spin rate of at least 3.5 Hz at the moment before ejection from 
the rocket. 

2.4.2 Rocket Mounted Unit (RMU)  
The RMU  
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Shall   

O.2.1.: relay SOE, SODS and LIFTOFF signals to FFU, and serial 
communication between RXSM and FFU.  

O.2.2.: hold the FFU secured to the RID until ejection is intended. 
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3 PROJECT PLANNING  

3.1 Work Breakdown Structure (WBS) 
 

3.1.1 Description of Subprojects  
 

General Project Management  

The setting of milestones and following these up through weekly status 
meetings is the most important task under this subproject. The main tools 
used for this are the web-based project management tool Basecamp and the 
GANTT chart, created in Gantt Project and maintained by the project 
manager.  

Main responsible: Gustav Casselbrant   

 

Documentation  

The main task in the documentation subproject is creating and maintaining the 
various versions of the SED. Other important documentation tasks include 
keeping meeting minutes.  

Main responsible: Monica Alaniz  

 

Boom system design and testing  

This subproject covers its mechanical design, which may need to be modified 
from existing larger scale prototypes. Work is carried out in close exchange 
with the actuator subproject  

Main responsible: Mario Valle  

 

Actuators  

The tasks of selecting the motors for the wire boom deployers and 
determining their characteristics for integration into the rest of the system 
have been assigned to their own subproject. This subproject also includes the 
cutter for the rope holding the parachute hatch in place.   

Main responsible: David Bergman  

 

Dynamical Modelling  
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The experiment timeline includes many dynamical phases, such as ejection of 
the ejectable unit, wire boom deployment and retraction, the reentry, 
parachute deployment, airbraking, and impact. These will need to be 
understood through modeling and tests, which are carried out under this 
subproject.  

Main responsible: Mario Valle   

 

Electronics and Software  

Controlling the many subsystems, the electronics and software of SQUID in 
general and the ejectable payload need to have a high degree of reliability.   

Main responsible: Mónica Alaniz  

 

General Structure  

This subproject includes developing the main chassis of the FFU and creating 
a detailed CAD representation of it. The FFU needs to accommodate all the 
different subsystems, match the weight and space requirements of the rocket 
and protect the components and reentry and landing.  

Main responsible: Jiangwei Huang  

 

Landing system 

Following evaluation of the LAPLander design in March, the subproject 
previously known as Inflatable Structure was renamed Landing System, to 
reflect the design change to a conventional parachute system. The main focus 
of this subproject is acquiring a suitable model of parachute, developing a 
reliable deployment system and verifying it through testing. 

Main responsible: David Bergman  

 

Outreach  

This subproject covers contact with schools, journalists, and sponsors, as well 
as maintaining a comprehensive web presence.  

Main responsible: Jacob Michelsen 

 

See attached GanttProject report, Appendix F 
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3.2 Schedule 
See attached GanttProject report, appendix F 

 

3.3 Resources 

3.3.1 Manpower 
See team member section, 1.4.2, and appendix F  

3.3.2 Budget 

The total budget from KTH is 15.5 KEUR including the price sum from KTH on 
the inside. The amounts spent so far as well as planned expenses can be 
seen in the budget Appendix M  

 

3.3.3 Support 

3.3.3.1 Support at KTH  

Main support is provided by the division of Space and Plasma Physics, 
belonging to the School of Electrical Engineering at KTH, with Dr. Nickolay 
Ivchenko as main supervisor. The division has long-standing experience in 
developing instrumentation for space research. The SPP division has an 
electronics lab and mechanics workshop, which makes it possible to 
manufacture and assemble many of the parts in-house. 

Dr. Gunnar Tibert from the Department of Mechanics at the School of 
Engineering Science is co-supervisor for the project. The department has 
experience in deployable space structures [Tibert, G. 2002]  [Tibert & 
Pellegrino 2002] . 

Further assistance is provided by the department of Aeronautics and Vehicle 
Engineering, by Dr. Dan Borglund. Access to a wind tunnel is possible. 

 

3.3.3.2 External support and sponsors  

Mimmin  

Mimmin, based in Stockholm provides easy to use and professionally 
designed web solutions for companies. Mimmin provides the SQUID team 
with a complete website solution including hosting with its web platform 
Snowfire, geared at companies that easily want to draw their audience to their 
website and analyze visitor statistics.   

Lesjöfors 
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Lesjöfors is a Swedish company delivering springs both out of the shelf and 
custom made. The company is supporting the SQUID team with springs for 
the experiment.  

Celltech 

Celltech is a Swedish company delivering high performance batteries and 
specializes in business to business. The company is supporting the SQUID 
team with subsidized batteries both for testing and the actual flight.   

 

REBEL Space 

REBEL Space was founded in 2000 in the Netherlands to serve the rocketry 
community with high quality systems, parts and service. Since then the 
company has been growing and expanding in several Air and Space fields, 
ranging from high tech products for farmers up to rocket propulsion. 

Customers range from Amateur Rocket builders, Universities, the Space 
industry like the CNES (France), DLR (Germany) up to specialized companies 
in security and defense departments in a wide product range.  

REBEL Space provides SQUID with kevlar parachute cords, suitable for the 
high forces of deployment. 

 

 

 

3.4 Outreach Approach 
The outreach plan consists of four parts  

• School outreach with presentations and hands-on experiments  
• Participation in KTH Outreach campaigns. KTH på Insidan, öppet hus, 

and other expo activities. 
• Web presence. Website, blog, Facebook and Twitter.  
• Publications. Contact with journalists and scientific journals.  

3.4.1 School Outreach  

3.4.1.1 Past school outreach 

During the spring semester of 2010 outreach programs with 3 schools were 
carried out.  Focus was for practical purposes on schools in the vicinity of 
Stockholm, as we wanted to bring as much material as possible in the form of 
experiments and prototypes. Aim was on upper grade school as well as high 
school classes, preferably ones that had not yet submitted their applications 
for higher education. 
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The visits took place during April, to the following schools 

• 15/4 & 22/4 Naturvetargymnasiet, Södertälje (2 visits)                                

• 16/4 Kunskapsgymnasiet Saltsjöbaden, Stockholm 

• 26/4 Bergtorpsskolan Täby, Stockholm. 

 

The school presentations consisted of a roughly 50 minute presentation on 
the SQUID experiment, the REXUS programme in general, and information 
about KTH and student life there. We encouraged the students to ask us 
questions during the presentation, and we got a lot of interesting questions in 
return. After the presentation the students got a chance to have a closer look 
at some prototype models and other hardware, as well as try out some simple 
experiments. A list of used material follows. 

• An in-house developed computer simulation of the wire boom 
deployment, where the students get to try out different combinations of 
feed-out speed and duration, with a max deployment time limit, to see 
which gives the best results. 

• An electron cannon, supplied by SPP, which fires a visible stream of 
electrons on a phosphor screen. The stream can be manipulated with 
magnets. This demonstrates by analogy how charged particles from 
the sun follow the magnetic field of the earth and create visible light, 
the aurora, when encountering the atmosphere. 

• Jacobs ladder, a plasma experiment supplied by SPP which shows the 
effect of ionized gas on an electric arc. 

• A plasma ball, a further example of plasma. 
 

• An expo-style rollup, placed by the entrance to the classroom, featuring 
the SQUID, KTH, and REXUS/BEXUS logos. 

• A poster introducing the experiment and featuring the mission timeline. 

• A selection of parachutes, later used for parachute testing. 

• One of the parachute testing mockups of the FFU. 

• The wooden FFU mockup built by the LAPLander team. 

• The SCALE prototype made of transparent plastic. 

 
A comprehensive overview of the outreach activities is presented in the 
appendix. 
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3.4.1.2 Planned future school outreach 

Directly after CDR the school outreach will have its last activity for the term. 
There will be two groups of students with 9 students in each visiting SPP at 
the afternoon the 10:th of June. In mid august the planning for the future 
school outreach will start by calling already visited as well as some new 
schools. The idea is to make at least two school visits a month during the 
autumn. 

 

3.4.2 Participation in KTH Outreach campaigns  

3.4.2.1 KTH på Insidan 

 

In December 2009, SQUID was invited, as a complex multi-discipline project 
at KTH, to participate in the KTH på Insidan (KTH on the Inside) outreach 
project. In this, eight teams from different KTH projects would be blogging 
about their projects during February, with the three most successful blogs 
receiving a grant of 50 000 SEK and then continuing with a blogging 
competition, with the most successful blogs for each month until May winning 
25 000 SEK. SQUID participated and came in at third place in February, 
though did not manage to come in at first place in any of the months leading 
up to May. At the end of the campaign in May a photo exhibition and press 
event will be held for each project.  

Participation in the KTH på Insidan-campaign has greatly increased the 
exposure of SQUIDs website and blog. 

3.4.2.2 KTH Öppet Hus 

During the weekend 21-22 of March KTH held an expo for high school 
students, and SQUID participated with an ongoing presentation and prototype 
display, in which some of the school outreach material was used. 

3.4.3 Other activities 

3.4.3.1 Barnens Ö 

On Saturday the 27th of March SQUID held a presentation together with 
students from the LAPLander team at an astronomy camp for elementary 
school children, arranged by the non-profit organization Egna Vingar. 
Presentations were held and some plasma experiments were demonstrated, 
and afterwards Eric Sund of LAPLander launched model rockets. 

3.4.3.2 Yuri’s Night 

Following an invite from the EXPLORE team, Jacob and Gustav travelled to 
Stuttgart on Sunday the 11th of April to participate in an exhibition and held a 
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short presentation in connection with Yuri’s Night. The German 
REXUS/BEXUS teams REMOS and FOCUS were also present at the 
exhibition in the Zeiss observatory. Much of the school outreach material was 
brought along and demonstrated to the visitors. 

Other activities at the exhibition included lectures, a model rocket building 
workshop, and a large display of space models. 

3.4.4 Web Presence  

The SQUID project has a project website on a web platform supplied by 
Mimmin. It features experiment and team presentation, sponsors list, 
information about the REXUS programme, and a link to the blog.  

The blog is hosted on the wordpress.com platform. In general, two or three 
updates are posted each week, though during May, the final month of the 
blogging competition, updates were made on a daily basis. 

To complement the blog, a Twitter account and Facebook group have been 
created. Shorter updates and snapshots are posted to Twitter, the updates to 
which also appear on the blog in a live Twitter feed. The Facebook group is 
mostly used to communicate directly to members, and post news stories and 
pictures relating to the experiment. It also links back to new blog updates.  

3.4.5 Publications  

SQUID has already been mentioned in several popular Swedish newspapers, 
including Svenska Dagbladet. It was featured in an article of its own in the 
popular technology newspaper Metro Teknik. See the appendix for more 
information. 

Contact will continue to be made with other popular science and technology 
papers, both in Sweden and the other home countries of the team.   

The instrument development and experiment results will be presented at 
scientific conferences (e.g. Pronenko et al, at European Geophysical Union 
general assembly in Wien, April 2010) and published if relevant.  
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3.5 Risk Register 
 

ID  RISK & consequence  P  S  P x S  Action  

MS10  

Performance of the 
camera is not sufficient 
for dynamics analysis 
needs  

D 2  Low  Ensure that experiment is 
centred on the rocket 

TC10  Poor battery 
performance  

A 4  Very low  

TC20  Damage of the 
experiment structure  

A 3  Very low  

MS20  Angular speed too low 
for boom system  

A 3  Very low  

TC30  Ejection malfunction  B 3  Low   

TC40  Explosion, crack or 
leakage at batteries  

A 4  Very low  

MS30  
Pressure tank leak 
before or during 
flight (NA)  

C 3  Low  Tanks removed 

MS40  Failure of airbag 
deployment (NA) 

C 3  Low  Fold & fit airbags carefully 
and test thoroughly 

MS50  

LAPLanders mission 
shows that airbag 
concept isn’t working 
(NA) 

C 3  Low  Look for alternative solution 
for airbag design  

MS51 
LAPLander recovery 
system proved 
unsuccessful (NA) 

- -  
Airbag has been changed to 
parachute solution 

TC50  Software bug  B 3  Low  Extensive software testing  

SF10  Pressure tank explosion 
(NA)  

A 5  Low  Tanks removed 

MS60  System startup failure  A 4  Low  
Checklist for startup, test 
startup thoroughly before 
launch  

MS70  
Localization system 
failure  B 3  Low  

Use both beacon & GPS 
localization systems for 
redundancy 

TC60  Delays of project C 3  Low  Use the Gantt schedule, 
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development  order critical parts as early as 
possible.  

MS80  Failure of motor during 
deployment  

B 4  Low    Test motors before launch  

MS90  Motors not able to 
retract the wire boom  

B 4  Low  Test SCALE with an 
oversized load on the wire  

MS100 Door opening system 
failure   

B 4  Low   

Intensive testing of the 
system during development 
stage. Use more than one 
spring for redundancy  

MS110 Door does not lock or 
close 

C 3  Low  Doors will be ejected 

MS120 
Premature initiation of 
wire boom deployment  A 4  Very low 

Disable deployment system 
until the FFU leaves the 
rocket  

MS130 Streamer unable to 
drag parachute out 

B 4 Low 

Intesive testing of streamer 
capability to pull parachute 
out  in very unfavourable 
positions.  

MS140 
Streamer gets snared 
while deploying B 4 Low 

Secure streamer to top cover 
to ensure streamer gets away 
fast enough to catch wind. 

MS150 
Parachute ropes snaps 
due to shock when 
deploying 

B 4 Low 
Extensive testing of 
parachute by exposing it to 
oversized loads. 

MS160 
Cutter fails to melt the 
rope A 4 

Very 
Low 

Extensive testing of cutter in 
temperature chamber and 
test before launch. 

MS170 Top cover does not 
separate from FFU 

A 4 Very 
Low 

Ground tests of the system at 
different angles. 

MS180 
Parachute fabric breaks 
due to shock when 
deploying 

B 4 Low 
Extensive testing of 
parachute by exposing it to 
oversized loads. 

SF20 
Wire securing FFU to 
RMU breaks A 4 

Very 
Low 

Calculations will be done to 
ensure the wire withstands 
the force. 

SF30 
Premature release of 
the top cover. A 4 

Very 
Low 

Rope that holds top cover will 
be tested with an oversized 
load. Cutter disabled until 
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FFU leaves rocket. 

TC70 
Unable to mount FFU 
onto RMU due to spring 
force. 

A 4 
Very 
Low 

Tools to mount FFU shall be 
available and listed 
thoroughly. 

VE10  Premature airbag 
deployment  

B 4  Low  Airbags removed 

VE11 Collision with rocket 
after ejection  

- -  Airbags removed 

VE20  Collision with rocket 
after ejection  

A 4  Low  

Ejection speed should be 
higher than that of the 
experiment module after 
motor separation  

VE30  
Collision with nosecone 
after ejection  A 4  Low  

Ejection speed should be 
lower than that of the 
nosecone after separation   

Table 1 Risk Register 
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4 EXPERIMENT DESCRIPTION 

4.1 Experiment Setup 
 

The subsystems of the experiment as well as their interfaces to the outside 
are shown in Figure 1. Further information on internal interfaces is 
documented is section 4.2. 

 
Figure 1 Block Diagram of SQUID experiment 

 

  
The Rocket Mounted Unit consists of the Not So Smart Box (NSSB), Camera 
and the umbilical connector. The NSSB provides power and relays signals to 
the FFU through the umbilical connector, while the FFU is in the rocket. The 
Camera records the FFU after the ejection. 

 

The Free Flying Unit is connected to the Rocket Mounted Unit through the 
umbilical connector before flight. It contains power, memory and control 
systems, the wire boom deployment system, sensors for recording the 
dynamics of the flight, and a parachute system for slowing down the descent. 
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Once landed the FFU will transmit its position using the GPS receiver and 
satellite transmitter. Also the recovery beacon will be power on.  

4.2 Experiment Interfaces 
 

4.2.1 Mechanical 
General description 

The SQUID experiment is to be positioned under the nosecone of the REXUS 
10 rocket. The experiment has been designed in order to fit into the space 
available without interfering with the rocket’s nose cone ejection system (see 
Figure 4). As shown by Figure 2 and Figure 3 the FFU will rest upon the RMU 
which secures the FFU to the rocket until ejection is intended. The RMU in 
turn is mounted onto the Magic Hat cylinder which is attached to the rocket 
adapter cylinder that is mounted onto the rocket..    

 
Figure 2 – SQUID experiment setup inside the REXUS 10 rocket nosecone. 

Nosecone ejection system 
pressure pipes x4 

FFU 

RMU 

Magic Hat  

Cylinder  

Nosecone adapter 
(ejected along with 
nosecone and 
pipes)  

Rocket adapter  
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Figure 3 – Left: 3D view of SQUID experiment mounte d on rocket. Right: cross section 

view of the experiment. 

 

 
Figure 4 –Top view of the SQUID experiment mounted on rocket. 
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RID 

The RID (Rocket Interface Disk) is the mechanical interface disk between the 
rocket and the SQUID experiment (see ). It has been developed in 
cooperation with Eurolaunch in order to converge on a design enabling the 
SQUID experiment to be centred along the roll axis of the rocket and 
compatible with the M-BEAM experiment housed below SQUID inside 
Eurolaunch’s rocket mounted cylinder (see ).  

 
Figure 5 – RID top and bottom 3D view 
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Figure 6 Eurolaunch rocket mounted 
magic hat cylinder 

 
Figure 7 SQUID RID plate mounted onto 
cylinder 

 

RID is the central part of the RMU (Rocket Mounted Unit) that will carry a 
camera, wire cutter, ejection spring and the interface electronics between the 
rocket and the FFU. This setup is mainly assembled on the bottom side of the 
RID and is described further in chapter 4.4.2. 

 

The RID plate will be manufactured out of a solid aluminium piece and have 
an expected mass of about 1.1kg. The outer diameter of the disk is 248mm 
and total height is 42mm out of which 22mm will descend into the rocket 
cylinder. Four cut outs have been made along the wall of the RID. The largest 
cut out is made in order for the RID to not interfere with the REXUS rocket 
nosecone ejection system (see Figure 8) 
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Figure 8 – Top view of RID mounted into the REXUS r ocket nosecone. 

 

The three smaller cut outs are matched with the existing ones on the rocket 
cylinder (see ) and will be used to secure the RID to the rocket via a metal 
sheet which fits into these sections. The metal sheet will feature four M4 
screw holes each, out of which two go into the cylinder and two into the RID 
wall, securing the RID mainly from rotation on top of the cylinder. To restrain 
the RID from sliding on top of the cylinder and also to fit it in properly there is 
a 2mm high cylindrical protrusion on the bottom side of the RID connected to 
the spring gully (see ). This cylindrical protrusion along with the three metal 
sheets along the wall will be what secures the SQUID experiment to the 
rocket.    

 

 

 

 

 

 

Cutout for REXUS 
nosecone ejection 
system 
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Figure 9 –Side and cross section view of the RID mo unted onto REXUS rocket 
Cylinder. 

RID top features  

The top of the RID contains five important mechanical interfaces (see Figure 
2Figure 8).  

  

Cutout for securement of the 
RID to REXUS rocket x 3 

Protruding part of RID in order to 
fit it properly to the cylinder 
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Figure 10 – RID top side features. 

The gully where the ejection spring will rest is 40mm deep and 10.8mm wide 
with 2mm thick walls protruding on the bottom side. Three support points have 
been integrated to constrain the FFU from rotation on top of the RID and also 
to remove the possibility of mounting it wrong. Each one is 2mm high with 
20mm in diameter and they are placed at an angle of 120 degrees relative to 
each other.  Between the umbilical cut outs in the centre of the RID there is a 
3mm diameter feed through hole for the wire that will constrain the FFU from 
movement along the longitudinal axis of the rocket. As the experiment is 
intended to be filmed during deployment a hole, 17.6mm in diameter, has 
been placed to fit the camera lens. The five large grooves along the wall of 
the RID are in order to reduce the mass by removing unnecessary material.  

4.2.2 Electrical 
 

The interface between the rocket and the SQUID experiment is a DSub 15-pin 
MALE type, the pin description is given according to the REXUS user manual. 
The connector (J1N) will be located in the NSSB on the RMU. The pinout in 
Table 2 shows the pins connected inside the NSSB, while the pins 
unconnected are not shown.  

Pin Name Description 

1 +28 V Converted to 8V via DC/DC within the NSSB 

3 SODS Used for switching off the internal battery 

FFU Support 
points x 3 

Cutouts for umbilical 
connectors x 2 

Ejection spring gully 

Camera lens hole 

Feedthrough hole 
for wire securing 
FFU 
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4 SOE Used for switching on the internal battery. 

5 LO 
Lift off is used to starts the flight sequence when the software is in mission 
mode. Also it starts the camera functions. 

6 EXP out+ Will be converted from LVTTL single ended within the NSSB 

7 EXP out- Will be converted from LVTTL single ended within the NSSB 

8 
28 V 

Ground 
Power Ground 

9 +28 V Battery Power (24-36V unregulated, Ipeak < 3 Amps) 

13 EXP in + Will be converted to LVTTL single ended within the NSSB 

14 EXP in - Will be converted to LVTTL single ended within the NSSB 

15 
28 V 

Ground Connected to 8V power ground via DC/DC within the NSSB 

Table 2 Interface between the RXSM and NSSB 

 

The three signals provided by the RXSM are used. The signal SODS to switch 
off the internal batteries, SOE to switch on the internal batteries and LIFTOFF 
to initialize the flight sequence and camera recording, when the payload is in 
the mission mode. The signal interface between the RXSM and NSSB can be 
found in the Appendix I under the NSSB schematic. 
 

There will be no uplink during flight, serial command interface is used for 
testing while inside the rocket, and for putting the FFU into the mission mode 
(in which the flight sequence starts at liftoff signal). 

 
Downlink for status messages is required; the data structure of such 
messages is described in section 4.8.3. 
 

4.2.3 Radio Frequencies 
Satellite transmitter 

The FFU carries a satellite transmitter, STX2, which is provided by AeroAstro. 
The transmission is only used during the landing phase and won’t start before 
the FFU passes 6000m. It operates at 1.615 GHz. 

 

 

Radio beacon 

A Radiometrix TX1 transmitter will be used as a tracking beacon. The TX1 
transmitter operates on 169.4125 MHz and has an output power of 10 dBm 
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(10mW). Transmission will start after landing and will continue as long as the 
battery lasts.   

4.3 Experiment Components 
The estimated total size and weight of the experiment is listed in Table 3, 
Table 4 and Table 5. 

 

Component Mass (kg) 

FFU < 3.5 

RMU < 1.5 

Experiment total mass  (including RID) < 5 

Table 3: Experiment mass 

FFU dimension (m):  ∅ 0.22 x 0.1 

FFU footprint area (m2):  0.045 

FFU volume (in m3):  0.0041  

FFU expected COG (centre of gravity) 
position:  

Within +- 5 mm of the centre   

on the rotational axis  

Table 4: FFU dimensions 

RMU dimension (m):  ∅ 0.248 x 0.042 

RMU footprint area (m2):  0.048 

RMU volume (in m3):  0.002 

RMU expected COG (centre of 
gravity) position:  

Within +- 10 mm of the centre   

on the rotational axis  

Table 5 RMU Dimensions 

See Appendix H  for a preliminary list of experiment components. 

4.4 Mechanical Design 

4.4.1 The FFU 
The FFU will consist of a box shaped core (e-box) containing most of the 
electronics needed for experiment operation, two octagonal heat shields 
covering the upper and bottom side of the experiment, the four SCALE wire 
boom systems placed in diametrically opposite directions and the recovery 
system, as well as all the sensors for gathering scientific data. 
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Figure 11: Overview of the FFU 

 
Figure 12: Exploded view of the main parts of the F FU 

 

4.4.1.1 The e-box 

The electronics box (e-box) will consist of a one piece machined aluminium 
square tube with a 100x100mm base, 60mm height, and 2mm thick wall.  The 
box will house electronics printed circuit boards, batteries, the SMILE 
magnetometer and the cutter of the dyneema rope holding the upper plate. 
The eBox will be attached to the bottom plate through four PEEK blocks 
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placed on the lower corners of the box, providing thermal insulation to the 
electronics during reentry. 

 
Figure 13: Overview of e-box 

 

Distribution of the elements inside the e-box 

The e-box is machined in one piece of Aluminium, featuring openings in the 
upper and down face. The down face is covered by a 1mm thick aluminium 
sheet, which is attached to the walls on the corners through eight M2 screws, 
where the thickness of the wall is increased to 4mm in order to provide 
enough threading distance. 

  

This thickened area of the walls will also be used to hold the four PEEK 
blocks in place. Each of them will be attached to the walls through two M3 
screws, while the attachment to the bottom disk will be done through one M4 
screw on each block. 

 



  Page 44 

 

 

 

RX910-SQUID_SED-v3-16August10 

 
Figure 14: Detail of the attachment of the PEEK blo cks and down cover of the e-box 

 

Each of the five boards are separated with six M2 distance screws between 
them and four of the boards will have different cut-outs to provide room for the 
batteries, cutter and the SMILE magnetometer (blue on Figure 15). 

 

The two batteries will rest on a battery holder, which will be attached to one of 
the walls through four M2.5 screws. The upper surface of the battery holder 
will also be used as support for one of the electronic boards.  

 

 
Figure 15: Distribution of the components inside th e e-box 
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One of the lateral corners of the e-box will hold the cutter (yellow), which will 
be held in place through an aluminium interface with a M2 screw. The e-box 
will also feature two holes on the face, allowing to the dyneema rope to go 
through the cutter. 

In the face where the batteries are attached there will also be an opening to 
place a connector for 6 LED that will provide status information of the 
electronics. (See Figure 13) 

The upper side of the faces of the e-box will hold the different connectors. A 
total of four 15 pin micro Dsub connectors will be placed, one on each face of 
the e-box, which will be used to drive the motors of the SCALE systems and 
for data acquisition from the spherical probes and tachometers. A fifth bigger 
connector (25 pins) will also be placed in one of the faces for external 
communication (shown on Figure 15). 

The e-box top cover will be a 1.5 mm thick aluminium sheet. GPS  
receiving antenna and Globalstar transmitter antenna will be mounted  
to the top cover. The cover will be attached to the walls of e-box 
by means of 12 M2 screws. 

 

Cutter description 

The cutter consists of a PEEK case machined in such a way that it fits in one 
of the corners of the e-box. The case features several drilled holes for 
attachment to the wall of the e-box, electric crimp attachment, wire guidance 
and for the MACOR pipe, which will be the cutting element. 

 
Figure 16: Cutter case  
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The MACOR pipe will have an M4 thread on the outer surface, in such a way 
that the Kanthal wire heating the pipe is coiled between the thread fillets of the 
ceramic pipe and the cutter case. Further information of the design of the 
cutter can be found on Appendix O . 

 

Printed Circuit Boards in the eBox 

The eBox contains six printed circuit boards; the order to assemble the boards 
is from the bottom part of the eBox.  

 

Order  Name Size Content 

1 DCDC 61x91 mm  
DCDC 

Umbilical connector 

2 RF/Motor  board 61x91 mm 

STX2 
GPS 

Beacon 

Motor Driver 

3 Main board 61x91 mm 
Main control, Gyroscopes 

Accelerometer 
Altimeter 

4 
Uniprobe/Efield 

board 
91x91 mm /w 30x29 

mm cutout 
Uniprobe magnetometer, electric field 

probe measurement 

5 
SMILE-mother 

board 
91x91 mm 

SMILE magnetometer base 

Connector interface 

6 SMILE board 65x65 mm SMILE magnetometer 

Table 6: Board order in electronics box  

4.4.1.2 Outer structure 

The FFU outer structure comprise the walls, bottom and top plate (see Figure 
17). All of these pieces will be manufactured out of aluminium. The top and 
bottom plate will both be 3mm thick; however the bottom plate will have some 
thicker parts. The wall of the FFU will be made in four pieces and have a 
thickness of 2mm. These pieces will also serve as shields protecting the inner 
parts of the FFU from heat.     
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Figure 17 – Exploded view of the FFU outer structur e 

Top Plate 

As the top plate is also a part of the landing system and will be ejected this 
part has a number of holes along one of the sides.  

The centre hole is to connect a rope to secure the top plate. The same hole 
has a conical lower section which is made to house a corresponding 1.5mm 
high pin from the frame in order to constrain the plate from movement. On 

each side of this hole there are a set of 4 holes, one 8mm diameter hole in the 
centre and three threaded M3 screw holes placed at right angle to each other 
around the centre hole. The large centre hole is for top plate ejection spring 

feed through while the other three are for securing a spring lock hat to the top 
plate. The opposite side of these holes has a 3x50mm extended section that 

will go into a wall cut out that will hold this side secured (see  

Figure 18).In order to ease separation this side has been chamfered. 
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Figure 18 – Top and bottom side of top plate. 

 

Bottom Plate 

The bottom plate (see Figure 19) features eight attachments points for the 
four SCALE systems. Each of these points rise up 3mm and have screw holes 
in them. Four of the bottom plate’s sides have been raised 4.5mm in order to 
fit the M3 screws that connect the walls.  
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Figure 19 – FFU bottom plate. 

 

Walls 

Due to manufacturing simplicity the walls will be made out of four pieces. 
When combined the wall has cut out sections for the SCALE system that will 
protrude outside. Along the top and bottom side of the walls are M3 screw 
holes in order to connect the walls to bottom plate and frame upon which the 
top plate rests. One of the walls will also have a small cut out section for the 
chamfered part of the top plate to go through. 

 
Figure 20 – FFU walls. 
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Frame 

 

In order to stiffen the structure and hold the top plate, an octagonal frame has 
been designed, to be attached on the upper side of the walls through 12 M3 
screws. 

The frame is 8mm wide and 5mm thick, ensuring a stable support for the top 
plate. On four sides the frame features attachement points for the parachute 
cord. 

One of the two sides without wall attachment screw holes will have two 8mm 
diameter drilled holes, 2mm deep, in order to constrain the top plate ejection 
springs from movement on the frame. The same side also has a pin that will 
go into the top plate, constraining its movement. The pin is mounted onto the 
frame via a M4 threaded hole, has a conical shape, is 1.5mm high and has a 
base diameter of 6mm with a 2mm diameter hole through its centre for feed 
through of the rope securing the top plate.  

 
Figure 21: Frame with pins and hinges 

 

4.4.1.3 The SCALE system 

 

General Description 

The SCALE system is the mechanism in charge of deploying the wire booms. 
The system has been developed at SPP and is going to be used on the 
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BepiColombo mission (ESA/JAXA) and MMS (NASA). The design of the 
SCALE version to be used in SQUID has been simplified by reducing the 
number of parts considerably. 

 

 
Figure 22: Exploded view of the SCALE system to be used on SQUID 

 

In order to maintain the stable attitude of the FFU, a SCALE wire boom 
system will be placed in four diametrically opposite sides of the bottom plate, 
as shown in Figure 23.  
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Figure 23: Overview of the SCALE system placed on t he bottom plate 

Working principle 

The SCALE system consists of two coaxial cylinders with a small gap 
between them. On its initial configuration (before deployment), the cable is 
coiled along this gap between a pulling ring and a feeding system. The 
feeding system is composed by a channel machined on the main cogwheel 
that guides the cable from the gap between the cylinders towards a groove 
machined on the plate covering the gear system. The wire is held on the 
groove for an arc of around 300 degrees and is conducted again by another 
channel machined on the main cogwheel towards an aluminium tube (not 
shown on Figure 23) that guides the wire to the shaft, which releases the wire 
parallel to the deployment direction (see Figure 22). When the deployment 
starts, the motor drives this gear system, collecting the wire from the gap and 
redirecting it towards the radial direction of the FFU. 
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Figure 24: SCALE feeding system and 

detail of the main cogwheel 

 

 
Figure 25: SCALE feeding system and 

detail of the main cogwheel 

 

 

At the same time, a gear system will move the PEEK pulling ring, displacing 
the cable that remains coiled along the inner cylinder against the feeding 
system. The ring is displaced by two threaded rods that are placed in 
diametrically opposite positions as shown in Figure 26 (cable not shown). 
Initially the inner cylinder is covered by a circular door, which is held in place 
by two bolts placed at the end of each of the threaded rods, in such a way that 
when the system is activated and the rods start rotating, the door is released. 

 

 
Figure 26: Pulling of the structure of the SCALE sy stem 
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Overview of the structure of the SCALE system 

Each SCALE system is attached to the bottom plate by two 3mm lateral 
frames, which are held in place with M4 screws in four positions. On the 
attachment points the thickness of the lower disk is increased to 6mm in order 
to provide enough threading distance. 

 

The lateral frames support a front and a back plate that will hold the different 
parts of the SCALE system. The front plate supports the inner cylinder, which 
is held in place through a front circular frame with four M2 screws. This front 
frame will also support the circular door, as shown on Figure 27, which has a 
chamfered inner edge in order to facilitate the ejection of the door. The front 
circular frame has several sinks machined in order to avoid a possible locking 
of the system if the bolts release the door asymmetrically. 

 
Figure 27: Detail of the inner cylinder attachment to the front plate and circular door 

 

The inner cylinder is covered on its back side by a disk with a hole on the 
middle, which will both hold the spherical probes during launch and house one 
of the solid bearings for the main shaft. This disk will also provide enough 
stiffness to the inner cylinder as it will only be supported on the front by the 
front frame described before (see Figure 28). 
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Figure 28: Middle section of the SCALE system, show ing the main components 

The front plate also supports the outer cylinder with a circular groove 
machined on its inner side, which will also have a radial stub in order to 
prevent the inner cylinder from rotation. The outer cylinder is also supported 
on the back plate, preventing its axial displacement with a circular protrusion 
(see Figure 28). 

 

The back plate will also hold the stepper motor and two solid bearings that will 
guide the threaded rods and the main shaft. On the front side a printed circuit 
board containing a reflective sensor used as a tachometer (green on Figure 
29) that will use a reflective surface placed on a wheel in one of the threaded 
shafts. 
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Figure 29: Pack plate assembly 

 
Door Mechanism 

In order to avoid accidental pull out of the wire during launch each SCALE 
system has one door at the outer end, preventing the spherical probes from 
escaping from their storage during launch. Before the active phase of the 
experiment starts, the door is held in place by two locking bolts, placed at the 
end of each of the two threaded rods driving the pulling ring. On its initial 
position the two bolts block the door (see Figure 30), and when the motor is 
activated the threaded rods together with the door bolts will start rotating, 
releasing the door. 

 
Figure 30: Door and door bolts 
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The door rests on a circular frame with a conical profile on the inner part (the 
one in contact with the door) in order to avoid possible auto-locking when the 
door is ejected. The frame has sinks machined on the outer face in such a 
way that if one of the bolts unblocks the door before the other one, the door 
can still be ejected without blocking the system. 

 

The centrifugal force induced by the spin of the FFU would be sufficient to 
eject the doors from the SCALE systems, however, for redundancy and in 
order to hold the spherical probes inside the inner cylinder during launch, 
three v-shaped preloaded springs will be placed on the inner face of the door, 
providing an extra impulse to the door when released. 

 

Gear system 

The gear system will be in charge of reducing the output speed of the motor 
and distribute the torque to the different components (main shaft and threaded 
rods) so that the deployment is carried out at the desired speed and the 
pushing ring moves forward synchronized with the feeding wheel. 

The output speed of the motor will be of around 5000rpm and will be reduced 
on a first step by a 1:16 ratio gear box mounted on it. The output shaft of the 
gear box will move a gear system consisting on four 0.5 modulus Delrin 
cogwheels (see Figure 31).  

 

 
Figure 31: Detail of the gear system and threaded r ods 
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The first of them, a 10 teeth gear will be attached to the shaft of the gear box 
and will move a 96 teeth gear, which will basically be the feeding system 
wheel, obtaining this way the 30rpm needed on the main shaft to achieve the 
desired deployment speed. The main gear also drives another two cogwheels 
that will move the 0.35 pitch threaded rods, moving the pulling ring in such a 
way that the displacement of the pulling ring and the rotation of the feeding 
system is synchronized, ensuring that the cable will be pushed forward at the 
correct speed.  

 

Spherical Probes  

Each SCALE system will deploy a 30mm diameter spherical probe made in 
aluminium with a cylindrical interface that will guide the wire inside. This 
cylindrical interface will also be used to attach the wire to the spheres by 
using a screw that will compress the cable against the inner wall of the 
cylinder.  

 

Three of the probes carry sensors such as gyroscopes, accelerometers and 
strain gauges needed to monitor the dynamics of the deployment. The 
gyroscopes and accelerometers are placed inside the spheres, while the 
strain gauges are attached to the inner surface of the cylindrical interface. The 
idea is to be able to measure the value of the strain induced by the tension of 
the wire after its attachment on the cylindrical interface, so one can obtain the 
value of the tension on the wire.  

 
Figure 32 Sensor setup inside the spheres 
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The last probe will be equipped with the Uniprobe for magnetic field 
measurements. In addition to this, all probes are equipped with a Sphere 
potential connection. The dimensions of the probes are shown in Figure 33. 

 

Boards in the spheres 

Quantity  Name Size Content 

1 Sphere board φ 27 mm ADC, MUX, Counter 

1 Acc board 13x13 mm Accelerometer 

1 SG board φ 23.5 mm Strain gauge 

4 Gyro board 13x13 mm Gyroscope 

Table 7: Boards in the spheres 

 

 
Figure 33 - Dimensions of the Uniprobe 
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4.4.1.4 Landing system 

 

General Description 

Due to the SQUID project storing collected data onboard the survival of the 
memory is of utmost importance. To ensure that this requirement is met a 
landing system that slows the descent rate of the FFU to a speed ensuring the 
memory’s safe recovery is incorporated. SQUID’s landing system comprises 
of three main parts: parachute, streamer and top plate ejection system. The 
parachute is of a cross form type due to preferable characteristics such as 
stability and low wind drifting compared to regular umbrella shaped 
parachutes. It will be packed into the four compartments between the SCALE 
systems. As this type of packing is very unconventional this brings about the 
in-house development of a suitable folding technique along with a deployment 
system. 

 

Working principle 

When the FFU approaches an altitude of 4 to 5km while falling back to earth 
the landing system will be triggered by a signal from the altimeter. When 
triggered the cutter unit inside the e-box will melt the rope holding the top 
plate which will eject from the FFU and expose an underlying streamer and 
parachute. The streamer, which is folded into a pocket attached to the top 
plate, will be deployed when the top plate is separated from the FFU at a 
distance equal to the rope length connecting the streamer to the parachute. In 
turn when the streamer is deployed into the free stream it will exert drag and 
as the streamer is connected to the centre on the top of the parachute this will 
be pulled out of the FFU. As soon as the parachute is pulled out into the free 
stream it will deploy and bring the FFU’s descent rate down to a maximum of 
10m/s (see Figure 34). 
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Figure 34 – Principal deployment sequence. 

Tests involving the deployment of the parachute with a streamer were 
conducted on May 24 2010 (see appendix Appendix K ).  These proved that 
the principle of using a streamer to pull out a parachute worked as can be 
seen in Figure 34. However when the FFU was put into unfavourable 
positions such as facing straight up no deployment could be achieved. 
Therefore the system could not be concluded to be able to work in the 
conditions possible during descent from this test. A new test run was planned 
and conducted on June 3 2010 addressing this problem. The results from this 
test shows that along with some smaller modifications made to the FFU (see 
–  SQUID Towing Test Report) deployment can now be reached with the FFU 
facing straight up. The system can now be concluded to be ready for drop test 
conditions as parachute deployment seems reliable. More info about this can 
be found in the –  SQUID Towing Test Report.       

   



  Page 62 

 

 

 

RX910-SQUID_SED-v3-16August10 

 

Streamer 

A streamer will be used to pull the parachute out from its compartment inside 
the FFU..The streamer will be attached to the parachute top centre via a rope, 
about 1.5m long, which should be enough to minimize the risk of streamer 
getting coiled around a possible auto rotating FFU before having the chance 
to deploy.  

Through testing (see –  Streamer Testing Report). a suitable streamer size 
has been decided to be about 0.2x1.8m (see Figure 35). The streamer will 
feature a pocket (Figure 36) at the end, this has through testing has been 
verified to exert more drag than the regular streamer. At a speed of about 
30m/s the regular streamer provided an average maximum force of 22N while 
the one with a pocket provide an average of 33N (see –  Streamer Testing 
Report). The required force to pull the parachute out was through testing with 
a dynamometer proven to be about 5 to 15N in magnitude. The streamer will 
be manufactured out of a Heavy Airbag Cloth (HAC) which with the size given 
above will have a mass of about 70g. 

 
Figure 35 – Picture of the tested 0.2x1.8 meter str eamer. 

 
Figure 36 – Pocket at the end of the streamer. 

 

The concept of using a streamer to pull out the parachute has been proven to 
work through the parachute deployment test conducted on May 19 2010, 
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although the results from these tests have still left room for improvement. The 
tests conducted on June 3 2010 showed the concept functioning even better 
with the streamer having a pocket at the end (see –  Streamer Testing 
Report).  

 

Parachute 

A 1.8m crosses form Ultra-X-type parachute from Top Flight Recovery have 
been tested and found sufficient to meet SQUID’s requirements listed in 
section 2, (see Figure 37). The parachute is made out of Ripstop nylon fabric, 
which is the same as Eurolaunch uses to recover the REXUS rocket with. It 
has a total of eight ropes, one in each corner, that are made out of reinforced 
flat-braided nylon (see Figure 38).  

 

 

 

Figure 37 – The 1.8m size Ultra-X-Type Top Flight R ecovery parachute. 
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Figure 38 – Close up on one of the corners and the parachute rope. 

 

The parachute has been proven to fit inside the FFU, using the in-house 
developed folding technique, during the conducted tests. The same technique 
has also been tested and full deployment was reached within 2s during all test 
runs conducted at a speed of about 30m/s (see Appendix K ) Coefficient of 
drag has been calculated, from the test runs with drag measurement 
instruments on May 19, to be about 0.9. This gives the FFU a final descent 
rate of about 6m/s. Connection between the parachute and FFU will be 
through a long rope, about 2m, which should be enough to ensure that the 
parachute ropes will not twist during descent.    

Further tests are planned and will be done on the parachute in order to 
determine that it can withstand the shock force when deployed as well as that 
the folding technique really works in all situations possible during deployment, 
see section 5.2. 

 

Top plate ejection system 

This system consists of a cutter inside the e-box, a dyneema rope, the FFU 
top plate and two spring lock hats (see FIGXX). When the parachute has 
been folded and packed inside the FFU the top plate is first put in place on the 
frame into the cut out in the wall. The top plate is then secured via a aramid 
fibre rope, attached to the central hole on the top plate between the ejection 
spring holes and guided under the parachute into the ebox. This aramid rope 
has a section of 0.28mm diameter dyneema rope, able to withstand 38kg, that 
will go through the cutter inside the ebox. After passing the cutter aramid fibre 
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rope is then again used and guided back outside the ebox, through the wall 
where it will be tightened and secured, (see ).  

 

Figure 39– Principal sketch of the guidance of the rope holding the top plate. 

 

When the rope and top cover is secured two compression springs, able to 
deliver energy enough to eject the top cover to a speed of at least 1m/s, are 
put in place into the 8mm holes on each side of the centre hole. These are 
then compressed, loaded and locked by placing the two spring lock hats on 
top of the springs until the hat is in contact with the top plate. Each hat is 
secured to the top plate by three M3 screws. The hats will be manufactured 
out of aluminium with a base diameter of 24mm, the cylinder outer diameter is 
10mm and the hollow shell inside is 8mm in diameter. Total height is 10.5mm 
and one side is milled down in order for the hat to fit inside the walls.   

 
Figure 40 –Spring lock hat close up. 

Cutter 
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Figure 41 – FFU top plate ejection mechanism. 

 

When the cover is to be ejected the cutter will burn off the dyneema rope, 
which melts at about 150°C,. This will loosen the e nd of the top plate with the 
preloaded springs which will then flip up, catch the wind and separate from 
the FFU (see) allowing the deployment of the parachute. The rope to the 
parachute will be secured to four points on the frame. The FFU has to be 
descending with the top facing upwards as the satellite transmitters are 
required to be facing this way therefore four attachement points are required. . 

 

 

Top plate 
securement cut out 

Spring + Spring 
lock hat x2  



  Page 67 

 

 

 

RX910-SQUID_SED-v3-16August10 

 

Figure 42 – Ejection of the top plate. 

In order to assure functionality of the deployment mechanism tests will be 
done as listed in section 5.2. 

 

Ropes setup 

Ropes used will be mainly out of kevlar which is a very strong and heat 
resistant material.The types of ropes that will be used and their basic layout 
are displayed and listed in Figure 43.  

The ropes that extend from the FFU up to the middle cord will be two pieces 
of kevlar rope, 1.5m long each with the ends secured to the frame giving a 
clearance height from the FFU of about 0.75m. These are wider in order to be 
able to withstand the direct transfer of force to the FFU and not fail due to 
possible abrasion during the descent.  

The second rope going from the FFU ropes up to the parachute will be a one 
piece, 4m long kevlar bungie cord that is two folded giving 2m. This cord has 
the advantageous feature of being a slightly elastic which will dampen the 
shock force on the system when the parachute deploys. 

Connecting the streamer to the top centre of the parachute there will be a 
single 3m long kevlar rope. This rope will also be two folded giving a total 
length of 1.5m between the parachute and streamer.  
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Figure 43 –Layout of the landing system ropes and t ypes. 

 

4.4.2 The RMU  
The RMU (Rocket Mounted Unit) is composed of 5 elements: the umbilical 
connectors, NSSB, camera, cutter and ejection spring mounted onto the RID 
as shown in Figure 39 and Figure 40. 

 

3mm Kevlar Thread Shock Cord 

6mm Reinforced Flat Braided Nylon 
Lines 

6mm Kevlar Tubular Bungie Shock Cord 

6mm Kevlar Thread Shock Cord 
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Figure 44 – RMU components mounted on the top side of the RID. 

 

Figure 45 - RMU componets mounted on the bottom of the RID 

NSSB 
Umbilical x2  

Camera 
Cypres Cutter  

Umbilical pins  Wave spring 
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4.4.2.1 Umbilical connector 

The umbilical unit consists of two connector parts which features four pins 
each. The pins are, when the FFU is placed on the RMU, connected directly 
to the DCDC board in the e-box.  

 

The circuit board (see Appendix I ) of the umbilical connectors are mounted 
onto mounting plates made out of PEEK. The PEEK plate base dimensions 
are 44x18x2mm, the part ascending up through the RID adds another 3mm to 
its height. The circuit board attached underneath is 1.6mm thick and will have 
the same length and width as the PEEK plate. The umbilical connector will be 
secured to the RID via four M2 screws in each of the corners. Each umbilical 
pin is guided through a hole in the PEEK plate’s thickened section in order to 
stabilize them and will extend 18mm above the top of the RID plate. The 
bottom side will have a Canon D-Sub9 connector attached (see Figure 47). 

 

 

 

 

 
Figure 46 Umbilical Connector top view 

 

 
Figure 47 Mockup of the D-Sub 9 placed 
on the bottom plate 
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4.4.2.2 NSSB 

The NSSB box, see Figure 48, will be made out of 1.5mm thick aluminium 
with the base dimensions 61x53x31.5mm. It shall house and protect a 
57x49mm electronic circuit board. Electrical details about the NSSB are 
described in section 4.5.2.2. The box is secured to the bottom plate via four 
M3 screws placed on flanges extending from the box. The cover of the box 
will be secured by four M3 screws on the short end sides.  

There are 4 connector cut outs in total on the box. Two cut outs placed in line 
on opposite short end sides are for the D-sub 9 connectors going from the 
umbilical. One of the short end sides feature a Micro-D 9 pin cut out for the 
camera connection and on the long side there is a cut out for the rocket 
interface connection, D-sub 15.  

 
Figure 48 – The Not So Smart Box (NSSB). 

 

4.4.2.3 Camera 

The main task of the camera is to record the ejection of the FFU and the 
deployment of the boom system. It is positioned in a protective box below the 
RMU, with the camera lens facing straight up viewing the underside of the 
FFU through the RID. The box dimensions are 58x38x29.3mm and will be 
attached to the RID through flanges with holes for M3 screws. One of the 
shorter sides will have a hole for cable feed through.   
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4.4.2.4 Ejection spring   

The ejection spring is a Multi-coil wave spring made from flat spring materials 
(see ) provided from Lesjöfors AB. This type of spring has resultant force 
acting straight through the center and extends uniformly. As it is very 
important that the FFU is ejected straight along the rocket axis this spring 
makes for a better choice compared to a conical spring. The spring is placed 
in the spring gully on the RID and will be secured by glue to the bottom.  

 

 
Figure 49 – Picture of the wave spring. 

 

Caclulations performed by SSC (Swedish Space Corporation) on REXUS 7 
and 8 nosecone and payload separation sequence along calculations done in-
house at KTH with data provided about the REXUS 5 rocket separation 
sequence point towards that the separation speed of the SQUID FFU should 
be between 1.9 ≤ VFFU ≤ 3.9m/s (see APPENDIX FFU SEPARATION).  

The aim is to eject the FFU to a speed between 2 to 3m/s. In order to account 
for the possible change of ejection speed in this span the gully depth will be 
made so that the minimum compression of the spring will give a 3kg FFU at 
least 2.5m/s ejection speed while the maximum compression will be able to 
provide close to 3.5m/s. Adjustment of the final spring compression length is 
carried out by the placement of circular plates on the bottom of the gully. The 
expected ejection speed of the FFU is estimated through the relation: 

FFU

k
V dx

m
=  

where VFFU is the expected ejection speed of the FFU, dx is the spring 
compression, k is the spring constant and m is the mass of the FFU. 

The spring selected has the capability of delivering a maximum of 17.9J, 
which would be enough to eject a 3kg FFU to a speed of ~3.5m/s with 50mm 
of compression. The minimum energy possible is 11.5J which then would 
eject the FFU to a speed of ~2.7m/s. The spring has an outer and inner 



  Page 73 

 

 

 

RX910-SQUID_SED-v3-16August10 

diameter of 200mm and 190mm respectively and the total mass of the spring 
is 300g. Uncompressed height is 80mm and maximum compressed height is 
30mm giving a maximum compression of 50mm.  

The spring constant is 14.34N/mm which means that a force of 717N is 
required to fully compress the spring. Therefore sufficient tools may become 
necessary at the launch site, these are listed and described in section 5. 

4.4.2.5 Cypress cutter 

The Cypres cutter is provided by Eurolaunch. As the ejection spring when 
preloaded has a huge amount of force the cutter will be put in a case placed 
on the bottom side on the RID between the umbilical connectors. This case is 
able to withstand more stresses and will secure the wire holding the FFU 
against the RID with a clamp in order to lessen the stresses on the cutter.  

 

4.4.3 FEM MODEL 
 

The FEM model of the SQUID structural components is being developed at 
the moment. 
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4.5 Electronics Design 
 

4.5.1 The FFU 
The SQUID FFU electronics system consists of processing units, sensors, RF 
electronics, antennas and actuators. The control of the system and the data 
handling is done by means of a main FPGA. The electronics are mounted in 
six printed circuits boards (PCBs), identified as DCDC, RF/Motor, Main, 
Uniprobe and two SMILE boards.  

An overview of the FFU electronics system is shown in Figure 50. The 
description of the units is explained in the following sections. 

 

 
Figure 50 - Experiment FFU electronics overview 

 

4.5.1.1 Processing Units  

FPGA 

Three FPGAs are ACTEL ProASIC 3. This FPGA family is a low-cost, low-
power consumption and high performance solution. The ProAsic3 FPGA is 
based in nonvolatile flash technology and also offers the possibility to 
reprogram in system. The Main FPGA, SMILE FPGA and Uniprobe FPGA will 
be used to control the SQUID system, the SMILE and the Induction 
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Magnetometer respectively. The FPGAs voltages are produced from 3.3.V 
and the current consumption is 50 mA. 

Memory  

Three Hynix 4Gbit NAND Flash memory chips will be used to gather all the 
data collected. One memory chip is used to store the sensors data, other one 
the SMILE measurements and another one for the Induction Magnetometer 
measurements. The Flash memory operates at 3.3V and the current 
consumption is 15 mA.  

 

4.5.1.2 Sensors and Analogue devices 

 

As seen in the SQUID FFU electronics overview diagram, there are four 
spherical probes that will contain different sensors. Three of them will have 
identical content, i.e. four gyroscopes, one accelerometer, one strain gauge 
sensor and a sphere potential connection. The fourth probe will contain the 
Uniprobe sensor, and it will also have a sphere potential connection. A 
diagram of the spheres is show in the Figure 51. 

 

 

 

Figure 51 - Sphere mounted electronics 

 

 

Each sphere is connected to the SCALE system by means of a seven threads 
cable. As mentioned previously three spheres are identical and the cable 
provides 5 volts power, ground and the signals to and from the main FPGA. 
The cable for the fourth sphere provides the signals to and from the Uniprobe 
FPGA. 
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The three identical spheres contain four analogue output gyroscopes, one 
analogue output accelerometer and a connection to a strain gauge, these 
analogue outputs are connected to a multiplexor whose address to output is 
selected by a four bit counter. Once the output has been selected it is 
connected to a 12bit ADC that will send the data collected by the sensors to 
the Main FPGA. The ADC is controlled by two signals from the main FPGA, 
chips select (CS) and serial clock (SClk).  The sphere potential data is leaded 
directly to the Uniprobe FPGA. Since the accelerometer needs 3.3 volts a 
linear regulator is used to convert 5 volts to 3.3 volts (See Figure 52). 

 
Figure 52: Sphere electronics 

The fourth sphere contains the sensor for induction magnetometer. The 
analogue signals from the sensor and the sphere potential are lead to the 
Uniprobe/EFP ADC circuits. 

 

The characteristics of the sensors are described in the following sections. The 
sphere schematics and layout are shown in the Appendix I  

 

Accelerometer 

Four ADXL326 3-axis accelerometers are used in the SQUID experiment. 
This sensor offers the measurement of a minimum full-scale range of ±16g. 
One of these units is connected directly to the ADC (A4) located in the Main 
board and three units will be located in three of the four spherical probes 
connected to the ADC (A1,A2 and A3) inside the spheres. The accelerometer 
needs 3.3 V and the current consumption is 350 µA.  

 

Altimeter 

The MPXH6115A is a silicon pressure sensor that provides an accurate, high 
level analogue output signal that is proportional to applied pressure. It offers a 
range of 15 to 115 kPa. Two altimeters are used in SQUID experiment, one 
altimeter is located in the Main board and its output is connected to the ADC 
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(A4). Other altimeter is in the DCDC board and it is used to control the cutter. 
The typical supply voltage is 5 V and the current consumption is typically 
6mA. 

Gyroscopes 

The ADXRS610 gyroscope will be used to obtain the angular rates. Four 
sensors will be located in three of the four spherical probes; its outputs will be 
connected to the ADC (A1, A2, and A3) inside the spheres. Another set of 
four sensors will be located in the Main board inside the e–box and its 
analogue outputs will be connected to a multiplexor and ADC (A4). The 
voltage needed to operate is 5V and the current consumption is 100 µA. 
 

Strain Gauge 

Three strain gauges are used in the FFU and they are attached in three of the 
four spheres. The selected strain gauge is the N11-FA-2-350-23 that is a 
uniaxial gauge, its base material is polyester and its foil material is Cu-Ni 
alloy. The gauge length is 2 mm and has 350 ohms gauge resistance. Its 
analogue output is connected to the ADC (A1,A2 and A3) inside the spheres.  

 

Temperature sensor  

 The AD590 is a temperature transducer that produces an analogue output 
proportional to the absolute temperature. The provided range is from -55°C to 
+150°C. This sensor is located in the Main board, a nd its analogue output is 
connected to the ADC (A4). The supply voltage is in the +4V to +30V range 
and the current output is 298.2 µA. 

 

Reflective sensor  

The SFH 9201 reflective interrupter is used to measure the rotation rate of the 
threaded shart in the SCALE system. It is placed on the cable distributing 
PCB in the system, just next to the threaded shaft, which carries a wheel with 
reflective coating on a portion of the circuit. The optimal operation distance is 
1mm to 5mm. The output of the sensor is logic low when the reflective part of 
the wheel rotates above it. This signal is directed to the Main FPGA. 

 
Multiplexer  

The ADG706 analogue multiplexer has 16 channels that are switched to have 
one common output. The Analogue signals taken by SQUID are interleaved, 
sampling sequentially over the 16 channels and then feed ADCs. Five MUX 
are fed with data from sensors in the spheres, sensors in the Main Board and 
housekeeping.  The address of the sphere MUX channel is selected by 
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means of a counter that starts once the reset signal arrives. The address of 
the MUX in main board is controlled directly by the FPGA. This MUX needs 5 
V and the current consumption is <1 µA. 

 
Binary Counter  

The CD74HC93 4-bit binary counter is located in the spheres and it is used to 
select the address of the MUX channels. It will start once the Reset signal is 
received. This counter requires 5 V and the current consumption is <1 µA. 

 
ADC  

Five 12 bit AD7276 analogue to digital converters are used to process the 
data from the MUXs. Such ADCs are identified as A1, A2, A3, A4, A5 and the 
analogue outputs converted correspond to the data from the sensors inside 
the spheres, the sensors in the Main board and the Housekeeping 
respectively. The description of the output can be found in the Section 
4.8.3.The ADC requires 2.5 V.   

 

4.5.1.3 Electric Field Probe 

 
Electric field in space plasma is derived from difference in electric potential of 
probes extended from the payload. The probes are assumed in electric 
contact with plasma. When illuminated by the sun, the photoelectron, electron 
and ion currents into the probes must all be taken into account such that:   

total e i phI I I I= + + . 

The ion and photoelectron currents will cause the probe to become more 
positive in the absence of a bias potential while the electron current will push 
the probe potential more negative. Equilibrium will be reached at a floating 
potential where these two effects will balance.  

 

Using particle temperature and density data from the International Reference 
Ionosphere for the Kiruna area in the altitude range between 80 and 110km it 
was estimated that the floating potential (where Itotal = 0) will be near 2.5V in 
this region during the launch campaign in March 2010. The various ion, 
electron, photoelectron and total currents are depicted in the Figure 53.  
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Figure 53: I-V Characteristic over Kiruna for March  2010 

  

Now that we have established what the floating potential will be and have a 
rough idea of the range of I-V characteristic, the design parameters of the 
circuit can be deduced. The EFP in SQUID will measure the potential of each 
sphere and divide this by the probe separation to determine the gradient of 
the electric potential, i.e. the electric field. The control and data logging will be 
implemented in the Uniprobe FPGA using the same ADC configuration and 
filtering as the Uniprobe itself. Detailed schematics are given in the Appendix I 
. 

 

Two of the probes (2 and 4) will have the ability to perform current sweeps to 
fully characterise the temperature and density of the plasma which is 
extrapolated back from the collected data.  

 

The EFP FPGA outputs a pulse-width modulated signal to these two probes 
which can either sink current from or source current to the probe. In order to 
balance this so-called bias current, the probe potential shifts to create a new 
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equilibrium between the electron, ion and photoelectron current. As the bias 
current is swept, the potential changes according to the temperature and 
density of the plasma. 

It is also useful to bias the probe at a potential which is within the low 
impedance part of the curve (the steep section) especially if the floating 
potential is situated on a relatively flat part of the I-V characteristic, since a 
small change in current will cause a large change in the probe potential. This 
new potential at which the currents balance is called the operating point. This 
enables the probe potential to stay relatively stable against both stray currents 
and plasma density fluctuations. A stable electric field measurement can be 
made from the potential difference between the FFU and the probes. 

Below is a block diagram of the main parts of the EFP circuitry. The sphere 
potential is buffered and sent to level converters for both the bias current 
circuit and for spheres 2, 3 and 4 which all contain sensors, a multiplexer and 
an ADC. This keeps all signals going in and out of the spheres grounded to 
the sphere potential reducing capacitive coupling along the wire booms. The 
buffered sphere potential is then low-pass filtered and input to a differential 
driver which enhances the precision of the subsequent ADC reading.  

 

 

Figure 54: EFP circuitry block diagram 

In spheres 2 and 4, the ability to perform current sweeps is implemented by 
using a PWM output from the FPGA which is low-pass filtered and the placed 
on the floating potential such that a known current relative to the sphere 
potential can be passed into the sphere. The bias current level converters, 
drivers and ADCs all require a stable voltage reference which is included on 
the board.   

Voltage Reference  

The ultra-low noise ADR441 low drop-out XFET® Voltage Reference was 
chosen to ensure a stable reference voltage for the ADC Drivers, the ADCs 
and the bias current level converters. The +2.5 V output voltage is scaled and 
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buffered to provide a +2.5 V reference for the ADC Drivers, +5 V reference for 
the ADCs and +1.65 V reference for the bias current circuits.  

 

Followers  

The AD8641 Precision JFET Amplifier was selected to buffer the sphere 
potentials before filtering and amplification because of its high bandwidth, low 
input bias current and rail-to-rail output to allow for accurate sphere potential 
readings over the largest possible range (±12 V).  

 

Filter  

Filtering is done prior to analogue to digital conversion. A low-pass Sallen-Key 
filter is implemented. A rough description of the filter operation follows.  

 

Figure 55: A generic Sallen-Key filter 

 

C1 and C2 are seen as open circuit at low frequencies, so the circuit operates 
as a non-inverting amplifier with gain set by R3 and R4. At frequencies far 
above the cut-off frequency, C1 and C2 short out the signal to ground, 
effectively blocking these signals. In the frequency region around cut-off, the 
signal is enhanced by the Q factor by positive feedback through C2. The cut-
off frequency is set to around 1.6 kHz with a Q factor of 1. 

 

 

ADC & Driver  

The ADA4941 single-ended-to-differential driver is used to convert the single-
ended analogue signal into a differential input for the AD7691 analog-to-digital 
converter. The datasheet specifies the schematic shown below although 
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some modifications and simplifications have been made. The input has been 
attenuated by a factor of 4 to match the ADC input range by setting the ratio 
between R1 and R2. The common modes for the inputs to the ADC, which are 
set by R3, R4, R5 and R6 in the figure, have been replaced by the voltage 
reference circuit, setting the common mode voltages to 2.5 V.  

 

Figure 56: Schematic of the ADA4941 driver and AD76 91 ADC 

PWM  

To allow bias current sweeps to characterize plasma parameters, two FPGA 
outputs are dedicated as pulse-width modulated outputs for bias current 
sweeps on spheres 2 and 4. The PWM signal on these outputs is low-pass 
RC filtered and buffered to provide a clean analogue signal using LM6142 op-
amps powered off +5 V and requiring a supply current of around 1.3 mA.  

 

Level Converters  

To reduce capacitive coupling along the wire booms which can interfere with 
the sphere potential readings, the signals coming from and going to the 
spheres and the power necessary for the sensors and ADC to operate are all 
grounded to the respective sphere's floating potential. In addition, the digital 
signal levels (0-5 V) are reduced to match the nominal signal levels of the 
controlling FPGA (0-3.3 V). Since there are signals coming from the FPGA 
which need to be increased in magnitude and referred to the floating ground 
as well as signals originating in the spheres that need to be reduced in 
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magnitude and the floating level removed, an operational amplifier circuit 
which achieves both has been implemented.  

 

4.5.1.4 Uniprobe  

The Uniprobe includes three components of the AC magnetic field meter, 
operating in the frequency band 50 Hz - 10 kHz. The magnetic field sensor 
consists of three mutually perpendicular induction coil sensors mounted inside 
the sphere of the electric probe with inner diameter 30 mm. The magnetic field 
components are sampled with the Uniprobe synchronously with sampling the 
sphere potential. Sensors and electronics are connected with 6 of the 7 wires 
in shielded cable. A diagram of the Uniprobe electronics is shown in Figure 
57. 

 
Figure 57 Functional diagram of the induction magne tometer 

The Uniprobe will use +/- 12V power supply for the analog electronics, 
consuming about 30 mA on each. Sampling will be carried out by a precision 
ADC (AD7691 with 18 bit resolution and up to 250 kHz sampling). The 
Uniprobe FPGA will control the sampling of all three channels, at the same 
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rate of 50 ksamples/second. More detailed schematics can be found in the 
Appendix I  

 

4.5.1.5 SMILE  

The SMILE is a standalone digital fluxgate magnetometer. It has been 
independently developed on a separate PCB but mates to its own 
motherboard inside the electronics box. Operation of SMILE is the sole 
responsibility of the so-called SMILE FPGA. The output (three components of 
the magnetic field, at 20 bit resolution in the ±60µT range, at 250 samples per 
second) is stored in dedicated memory on the same board. The power 
requirement is about 500 mW at most. The SMILE magnetometer design 
[Forslund et al 2007] has been flight proven before, only minor modification 
have been made. Detailed schematics are given in the Appendix J  

4.5.1.6 RF Electronics 

 

GPS and GPS receiver antenna 

GlobalSat ET-318 is a standard commercial GPS receiver module, which 
means that it can only provide navigation data below the aviation ceiling. It will 
only be active in the recovery phase and its time and location data is sent 
directly to the main FPGA. This unit requires 3.3V and a current consumption 
of 42mA.  

The WS1347 antenna procured from PCTEL will be used. The GPS antenna 
is a small patch antenna with built-in low noise amplifier.   

 

Satellite transmitter and GlobalStar antenna 

The STX2 is a small, stand alone satellite data modem, provided by 
AstroAero. It uses the frequency 1.615 GHz. It will be fed GPS data from the 
main FPGA and send it to us via a Globalstar satellite. The required voltage is 
3.3V and the current consumption is 500mA.   

The WS9161 is a high performance passive 1615MHz antenna, specifically 
designed and approved to operate with the Globalstar communication 
satellite. This antenna is procured also from PCTEL.  

 

Beacon transmitter and antenna 

The TX1 has a usable range of >10km. This unit requires typically about 3V 
and the current consumption is 9.5mA. The frequency used will be 169.4125 
MHz. One whip antenna will be custom made at SPP/KTH.  



  Page 85 

 

 

 

RX910-SQUID_SED-v3-16August10 

4.5.1.7 Cutter Actuator Circuits  

The cutter is controlled by a system consisting of several logic circuits. The 
main part of the controller is the altimeter which at a certain altitude delivers a 
voltage higher than the reference voltage set by resistors. This event is 
sensed by a comparator which then fed the two inputs of a NAND gate that 
will generate a rising pulse to the HEF4013, dual D-type FlipFlop circuit. To 
prevent the cutter from being activated while the FFU is mounted on the RMU 
the CLEAR-direct signal is connected to the ROCKET_high node. Also from 
preventing the cutter from being activated when the FFU is enabled while not 
connected to the RMU a delay circuit has been placed on the DATA input. As 
soon as the HEF4013 circuits output switches to on state the cutter will be 
activated through a number of NAND gates and a MOSFET. The cutter will 
remain on until the delay capacitors reaches to high state for the NAND gate. 
The cutter activation circuit is shown in Figure 58. 

 
Figure 58 - Cutter activation circuit 

4.5.1.8 Motors and driving circuits 

Four motors, one in each SCALE, will be used to control the deployment and 
retraction of the wire booms. For the specific task a stepper motor has been 
found to be the most suitable choice due to good step accuracy and control, 
non cumulative error from one step to the other and advantageous features in 
applications requiring synchronism.  

The motors chosen and that has been ordered is the Faulhaber bipolar 
stepper motor, AM1020, that can provide 1.6 mNm holding torque and speeds 
of up to 18000 rpm (see Appendix C). The required power by the SCALE 
system is about 0.5W, adding on a security factor of 50%, the available torque 
output at 5000 rpm by the motor should be 1.275 mNm. The motor sheet 
shows data that confirms that at 6000 rpm it provides about 1.28 mNm which 
assures that at lower speed it will provide above 1.275 mNm. For the specific 
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motor Faulhaber also provides a planetary gearbox, the series 16/1, which will  
be used to gear down the speed to 30rpm. For controlling the motors in-house 
designed motor drivers will be used. 

Two drivers will be controlling the four motors. Each of the drivers contains 
two channels which will be connected to two motors. Each channel of the 
drivers consists of one current controlling circuit. By serial connecting the 
corresponding windings from the two motors to the channel the driver channel 
controls the current flow in one of two phases. This means that the system is 
protected from unsymmetrical disturbance due to motor failure. The current 
controlling drivers are in their part controlled by the FPGA which follows a 
predefined time pattern required for making steps. 

The driving circuit is based on similar designs developed for other projects at 
SPP. An H-bridge of MOSFET-transistors is controlled by logic level signals 
and a current sensing circuit (see schematics in appendix). Depending on the 
wanted direction of the current (Dir or Dir_inv signals), one of the P channel 
transistors is open, while the corresponding N channel transistor is 
periodically switched, turning off as the current reaches the preset value 
(controlled by the reference voltage), and turning on again after a relaxation 
time. Thus, the current through the winding should oscillate close to desired 
value. 

4.5.2 The RMU 
The SQUID RMU consists of the Rocket Interface Disk (RID), carrying NSSB, 
umbilical connector, camera, wire cutter (provided by SSC) and a spring 
system. The RMU is shown in Figure 59 and the description of its elements in 
the following sections. 
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Figure 59 - Experiment RMU electronics overview 

 

4.5.2.1 Umbilical Connector 

As mention in the previous section the umbilical connector consist of two 
connectors. One of the connectors is called pUmbilical and is mainly 
responsible for providing the FFU with power. The second pin of the 
pUmbilical, which is the ground pin, is about 1 mm longer than the rest which 
will mean that the ground connection is the last to be disconnected when the 
FFU separates from the RMU. The second connector is the sUmbilical which 
mainly handles signals.  

The connection between the NSSB and the two umbilical are two opposite 
gender 9pin Dsub connectors. The pUmbilical uses a male connector which 
also means that the power connector of the NSSB is of female gender. In this 
way the power connector of the NSSB is protected from being short circuited 
by a foreign object. The sUmbilical uses a female connector thus the NSSB 
connector corresponds to a male gender one. The pin layout can be read in 
Table 8 and Table 9 and the placement of the two connectors can be seen in 
Figure 60. 

 
Figure 60 Placement of Umbilical 
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Pin Name Description 

1 8V Power 8V 

2 GND Ground 

3 SS Safety switch ground 

4 SODS Signal used for switching OFF the internal battery 

Table 8 pUmbilical  pinout 

Pin Name Description 

5 TxU TX RS-232 (LVTTL level) communication to SQUID 

6 RxU RX RS-232 (LVTTL level) communication to the Service Module 

7 SOE Signal used for switching ON the internal battery 

8 LO Liftoff 

Table 9 sUmbilical pinout 

 

4.5.2.2 NSSB 

The purpose of the NSSB is to provide external power and a communication 
interface for SQUID. The basic function of the NSSB is a convert the 28 V 
provided by the RXSM to the 8 V needed by the SQUID system. The NSSB 
will also contain the DCDC converter to provide the 3.7 V to the camera 
located in the RMU. Furthermore, the NSSB provides buffers/level converters 
to match the RS-422 Rocket Telemetry interface to the RS-232 SQUID 
interface. Also it contains the timer circuit to control the camera. The 
connector between the NSSB and the RXSM is a 15pin Dsub which 
description can be found in the Table 2 in section 4.4.2.2.  
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4.5.2.3 Camera 

4.5.2.3 Camera 

4.5.2.3 Camera 

4.5.2.3 Camera 

4.5.2.3 Camera 

The camera is a HD Hero mini camera manufactured by GoPro, its intended 
use is within extreme sports such as in motorsport, surfing, skiing etc where 
high quality footage is required and light weight and ruggedness is a 
necessity. The camera is modified to withstand the environment of space and 
the launch forces, also the original camera battery is omitted and a dedicated 
4.1V DCDC converter is implemented in the NSSB to feed the camera with 
power from the rocket battery. The camera operation is controlled by a timer 
circuit housed in the NSSB. The camera recording is initiated immediately 
after launch and is switched off during the rocket descent phase. All recorded 
footage is saved within a standard 32GB SD-card placed in the camera and is 
salvaged together with the rocket experiment module. 
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Figure 61: The stripped down HD Hero camera unit 

 

 

Microcontroller 

 The timer circuit that controls the camera consist of an ATtiny13A 8-pin MCU 
located in the NSSB. The MCU is activated as soon as the rocket battery is 
activated; the MCU then waits for the SOE signal to become active where 
after the MCU starts the camera. By listening to the camera LCD signals, the 
MCU is able to navigate through the camera menus to the camera video 
mode and start recording. The time between SOE signal and camera 
recording is approximately 5 seconds, 220 seconds after activation, the MCU 
commands the camera to stop recording and shut down the camera, thus 
securing the footage. If the SOE signal is activated again after camera shut 
down, the recording process will start all over, producing a new recording. The 
timer circuit is powered by a dedicated 5V DCDC converter housed in the 
NSSB. The MCU input signals are a SOE signal from the rocket and one 
feedback signal from the camera, the SOE signal is electrically isolated 
through an optocoupler while the camera feedback signal is routed through a 
current limiting resistor. The outputs are two wires to the camera, controlling 
the two camera buttons via 2N2222 transistors. 

 

4.5.3 Connectors 

4.5.3.1 The RMU connectors 

The interface between the rocket and the RMU should be a DSub 15-pin 
male, the pin description is given according to the REXUS user manual in 
Table 2. The RS-422 interface is responsible for the telemetry/telecommand 
of the experiment via the RXSM with maximum data throughput of 38.4 kbaud 
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standard, 8 bits, 1 start/stop bit and no parity for Telemetry and 38.4 kbaud 
standard, 8 bits, 1 start/stop bit and no parity for Telecommand 

 

The interface used to connect the RMU and the FFU is known as Umbilical 
connector. The Ground pin on the umbilical connector is 1mm longer than the 
rest, so it is the last to be disconnected when the FFU separate from RMU. 
The pinout is shown in section 4.5.2.1. 

 

The connection between the NSSB and the two umbilical connectors are two 
opposite gender 9pin Dsub connectors. The pUmbilical in the NSSB is a 
female 9pin Dsub connector and the sUmbilical uses a 9pin Dsub male 
connector.  

 

pUmbilical  (Dsub female) 

Function Description Socket  Connector  

SODS Signal to switch OFF the battery 1 J2N 

SODS Signal to switch OFF the battery 2 J2N 

GND Ground  3 J2N 

GND Ground  4 J2N 

V+8 Power 8V 5 J2N 

SODS Signal to switch OFF the battery 6 J2N 

ROCKET_PIN Rocket Pin 7 J2N 

V+8 Power 8V 8 J2N 

V+8 Power 8V 9 J2N 

Table 10 pUmbilical on NSSB 

SUmbilical (Dsub Male) 

Function Description Pin Connector  

UART_MTR Main Tx Rocket  (RS-232) 1 J3N 

UART_MRR Main Rx Rocket (RS-232) 2 J3N 

- - 3 J3N 

SOE Signal to switch ON the battery 4 J3N 

LIFTOFF LIFTOFF SIGNAL 5 J3N 

UART_MTR Main Tx Rocket  (RS-232) 6 J3N 

UART_MRR Main Rx Rocket (RS-232) 7 J3N 

SOE Signal to switch ON the battery 8 J3N 
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SUmbilical (Dsub Male) 

Function Description Pin Connector  

LIFTOFF LIFTOFF SIGNAL 9 J3N 

Table 11 sUmbilical pinout on NSSB 

 

 

4.5.3.2 The FFU connectors 

External connector 

The communication to the external world will be by means of one 25-pin 
connector out of the ebox. This connector is located in the SMILE board 
inside the ebox and in the GSE board. It is in the GSE where is possible to 
readout the data very fast through USB. The 25-pin connector is described in 
the following table.  

Connector to GSE External World 

Name Description Pin  SMILE GSE 

JTAG_TCK Test Clock Signal 1 J7T J3G 

GND Ground 2 J7T J3G 

JTAG_TMS Test Mode Select 3 J7T J3G 

JTAG_TDO_GOUT Test Data Out 4 J7T J3G 

JTAG_VPUMP Power 3.3V 5 J7T J3G 

JTAG_TRST Test Reset Signal 6 J7T J3G 

JTAG_TDI_GOUT Test Data In 7 J7T J3G 

GND Ground 8 J7T J3G 

V+8in Power 8V 9 J7T J3G (VGOUT) 

UART_UTE Tx External communication 10 J7T J3G (UART_RX) 

UART_URE Rx External communication 11 J7T J3G (UART_TX) 

TEST1_L Test line 1 12 J7T J3G 

TEST2_L Test line 2 13 J7T J3G 

USBD0 USB data 0 14 J7T J3G 

USBD1 USB data 1 15 J7T J3G 

USBD2 USB data 2 16 J7T J3G 

GND Ground 17 J7T J3G 

USBD3 USB data 3 18 J7T J3G 

USBD4 USB data 4 19 J7T J3G 
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Connector to GSE External World 

Name Description Pin  SMILE GSE 

USBD5 USB data 5 20 J7T J3G 

GND Ground 21 J7T J3G 

USBD6 USB data 6 22 J7T J3G 

USBD7 USB data 7 23 J7T J3G 

USB_FLAG USB flag 24 J7T J3G 

GND Ground 25 J7T J3G 

Table 12: FFU external connector pinout 

 

RF (Localization System) 

For the localization system the connectors should be coaxial, the type must 
be different in order to distinguish them later on. In total three connectors are 
needed. 

Quantity Connector type Description 
1 Coaxial type SMA Beacon 
1 Coaxial type SMB GPS antenna  
1 Coaxial type SMC STX2 antenna  

Table 13: Localization system connectors 

SCALE system  

The interface between the scale system and the FFU should be a Micro Dsub 
15-pin connector (MDM). Such connection is to be used to connect the motors 
to the scale system, as well as the spheres, it is important to make the 
difference between three spheres that are identical to the one which only 
contains the UNIPROBE sensor. The description is as follows: 

 

SPHERE 1 

Function Description Pin Connector Sphere 
1 

S1P Sphere Potential 1 J5T 

UNIPROBE_X1 Uniprobe X1 2 J5T 

UNIPROBE_X2 Uniprobe X2 3 J5T 

UNIPROBE_Y1 Uniprobe Y1 4 J5T 

UNIPROBE_Y2 Uniprobe Y2 5 J5T 

UNIPROBE_Z1 Uniprobe Z1 6 J5T 
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UNIPROBE_Z2 Uniprobe Z2 7 J5T 

- - 8 J5T 

PA_M1 + Phase A motor (1+A) 9 J5T 

NA_M1 -  Phase A motor (2-A) 10 J5T 

PB_M1 + Phase B motor (3+B) 11 J5T 

NB_M1 - Phase B motor (4-B) 12 J5T 

OPT_OUTM1 Optical sensor output 13 J5T 

OPT_POWER Optical sensor power on  14 J5T 

GND Cable Shield 15 J5T 

 

SPHERE 2/3/4 

Function Description Pin Sphere 
2 

Sphere 
3 

Sphere 
4 

SP Sphere Potential 1 J9T J6T J8T 

FG Floating Ground 2 J9T J6T J8T 

V+5 Power supply input 5V 3 J9T J6T J8T 

ADC_Sclk Serial clock 4 J9T J6T J8T 

ADC_CS Chip Select. Active low. 5 J9T J6T J8T 

ADC_SDATA Serial data out. 6 J9T J6T J8T 

ADC_RST Reset 7 J9T J6T J8T 

- - 8 J9T J6T J8T 

PA + Phase A motor (1+A) 9 J9T J6T J8T 

NA -  Phase A motor (2-A) 10 J9T J6T J8T 

PB + Phase B motor (3+B) 11 J9T J6T J8T 

NB - Phase B motor (4-B) 12 J9T J6T J8T 

OPT_OUT Optical sensor output 13 J9T J6T J8T 

OPT_POWER Optical sensor power on  14 J9T J6T J8T 

GND Cable Shield 15 J9T J6T J8T 

Table 14 : SCALE-FFU connector  

 

4.6 Thermal Design 
SQUID will contain parts that have a limited thermal range for optimal 
operation. Therefore the structure of the FFU needs to be designed in such a 
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way that the inside temperature is kept within a range that allows all systems 
to operate efficiently and not be damaged.  

Component  Min/Max operating temp (°C )  Peak temp (°C )  

Stepper motors  -30/+70   +130  

Electronics  -40/+85   

Batteries  -20/+70  +120  

Satellite transmitter  -30/+60   

Table 15: Thermal range of components 

The main sources of thermal changes are, in order of importance, the 
following:  

1. Aerodynamic effects during reentry/decent   
2. Motors   
3. Electronics  

4.6.1 Aerodynamics  
The during the entire descent the temperature of the heat shields would be 
less than 15 °C. Except during an early part of the  descent where a peak 
temperature of 65 °C during a period of 25 seconds can be expected. A 
temperature of 65 °C for such a short time will not  cause any implications to 
the system during the descent.  

4.6.2 Heating due to motors  
Each phase winding in the selected stepper motor will increase in temperature 
about 36.5 °C if assumed all the power inputted is transformed to heat. This 
corresponds to a power output of 0.5W per phase, each motor running on two 
phases, therefore 1W of power output per motor coming to a total of 4 Watts 
for all motors. This means that to operate the motors at full capacity the 
structural temperature of the FFU should not exceed 33.5 °C.   

If assuming the total power input transformed to heat the magnitude of heat 
developed by the motors, during 100 seconds of operation, would be 0.4kJ. 
The temperature in a 2.5 kg aluminium structure would then rise only about 
0.2 °C, thus heating due to motor operation can be neglected as long as heat 
is conducted away from the motors in an efficient way.    

4.6.3 Heating from the electronics  
The SQUID basic power consumption for the duration of the experiment is 
about 3W. During that time heat developed is in the order of 2.4kJ. Assuming 
that all this heat is absorbed by a 2.5 kg surrounding aluminium structure the 
temperature would only rise about 1.1 C. Therefore it can be concluded that 
heating due to the electronics can be neglected.   



  Page 96 

 

 

 

RX910-SQUID_SED-v3-16August10 

4.7 Power System 

4.7.1 Converters 
The power system is divided in between the RMU & FFU. At the RMU it 
consists of the NSSB which is fed by the 28V bus from the rocket. The NSSB 
contains a converter for delivering 8V (LM22680) to the FFU while it is 
attached as well as a converter to deliver 4 V (LM22674) to the camera. The 
FFU contains two SAFT LSH14 batteries connected in series which will take 
over after FFU ejection. Apart from the batteries the FFU also contains four 
different voltage converters to power different systems, as shown in figure 17. 
The converters that are to be used are the LM2671M-5 for 5V and Max 640 
for 3.3 V. There will also be a second 3.3 V converter, the National 
semiconductor LM2671 which will be used for powering the satellite 
transmitter. The use of LM2671-3.3 DC/DC converters for 3.3 V, each 
optimized for a different load, offer a higher efficiency than would have been 
possible using only one. The last converters are supplying the Uniprobe and 
sphere potential with +/- 12 V. For this task the MAX761 & 765 converters 
were chosen. 

4.7.2 Power states 
The FFU has three main power states, passive, active and vFire state. To 
indicate the states the diode board is used. While in passive state the only 
components, which are powered, are the CMOS logics on the DCDC board. 
They’re powered directly by the battery and draw a current of 2 mA on 
average together with the blinking diode. If the inputs to the FLIP-FLOP is 
grounded the maximum possible current drawn from the batteries are limited 
to 0.36 mA by the resistors in between the batteries and the FLIP-FLOP. To 
change state from passive to active the SOE has to be activated for at least 
0.1 s due to the capacitors at the FLIP-FLOP inputs. When the FFU has been 
set to active state the power to the rest of the system (except parts connected 
to vFire) is activated. The vFire state is finally entered when the safety switch 
has been activated by the ejection of the experiment. 

4.7.3 FLIP-FLOP 
The FLIP-FLOP circuit has two stable output states which in turn decide the 
power state of the FFU. To either enable or disable power to the FFU the 
input of the desired state is grounded. For example if pin 1 is given a ground 
signal the state where output pin 3 is low and 4 high is high is ensured 
independent of which state the latch was in earlier.  

The two inputs are connected via pull-up resistors to the FFU batteries and 
the output controls the gate of a P-channel MOSFET circuit. The first of the 
two inputs is also connected to the SOE and the second one to the SODS 
signal. Giving the SODS signal ensures that the gate of the MOSFET is high 
which switches off the internal batteries. The SOE signal ensures the opposite 
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state of the latch output meaning that the gate of the MOSFET is in low state 
which enables the internal batteries.  The FlipFlop circuit is shown in Figure 
62. 

 
Figure 62 - FlipFlop circuit 

4.7.4 Safety switch 
For safety reasons the cutter, motors & radio transmitters are powered from 
the same node, VFIRE_DC. This node is used to prevent premature usage of 
these systems. The node is powered via a P-channel MOSFET circuit. The 
gate of the MOSFET-circuit is in its turn controlled by a NAND-gate. The first 
input of the NAND-gate is connected to the BAT_ON_DC node, preventing 
power to the actuators for as long as the main system of the FFU is disabled. 
The second input of the NAND-gate is connected to the main power node in 
the FFU via a pull up resistor. The input is grounded by the main rocket 
ground via the safety pin of the umbilical connector. This means that the input 
is grounded for as long as the FFU is placed on the RID. While either one of 
the two inputs are low the output of the NAND gate as well as the gate of the 
MOSFET are high which blocks the power to the VFIRE_DC node. The Safety 
switch circuit is shown in Figure 63. 

 
Figure 63 - Safety switch 
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Figure 64 - Overview of the experiment power system 

4.7.5 Power budget  
The power used by the FFU during the experiment lifetime has been divided 
in three main phases, the Rocket-, Air- and Recovery- phases. Following this 
text the power usage in each phase is calculated and analyzed. The last row 
in each table represents the power used by the corresponding converter 
based on the efficiency grade measured on the DCDC board, see separate 
test report. 
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Rocket phase 

The rocket phase is defined as the time between ignition and experiment 
separation. The power used by the different subsystems during the phase is 
listed in the table below. 

  3.3 V (mA) 5 V (mA) 

System     

Main & Uniprobe FPGA  100   

SMILE FPGA  50 

Memory 4Gbit x2 12   

Mux x5 0,05   

Unipolar ADC  20 

Uniprobe EFP ADC 28   

     

Sensors    

Altimeter 0,01   

Accelerometer x4 1,40   

Gyroscope x16  70 

Smile  40 

      

Total 141 180 

Power (mW) 467 900 

Power used by converter 491 1125 

Table 16 - Power usage during rocket phase 

 

During the Rocket phase the FFU is provided with power from the 28 V – 8 V 
power converter in the NSSB. The power usage of 1616 mW means that the 
current drawn from the 8V converter should be about 200 mA. This finally 
means that, based on an efficiency rate of 80%, the power drawn from the 
rocket to the FFU is less then 2 W. The rocket phase lasts for 65 s meaning 
that the total power usage for the FFU during the phase is 0.04 Wh. 
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Air phase 

The air phase is defined as the time between experiment separation and 
touch down. The power used by the different subsystems during the phase is 
listed in the table below. 

 

Continuous power table 3.3 V (mA) 5 V (mA) + 12 V (mA) - 12 V (mA) 

System         

Main & Uniprobe FPGA  100     

SMILE FPGA  50    

Memory 4Gbit x3 18     

Mux x5 0,05     

Unipolar ADC  20    

Uniprobe EFP ADC 28     

       

Sensors      

Altimeter 0,01     

Accelerometer x4 1,4     

Gyroscope x16  70    

Smile  40    

Uniprobe   30 30 

EFP   20 20 

Temp. Sensors  1    

Tachmometers  40    

       

Total 147 221 50 50 

Power (mW) 487 1105 600 600 

Power used by converter 572 1381 857 857 

Table 17 - Continuous power usage during air phase 

Intermittent power table U(V) I(mA) t(s) Wh 

Motors 7,2 1000,0 40,0 0,08 

Rope cutter 7,2 1000,0 20,0 0,04 

Sat. transm. 3,3 500,0 150,0 0,07 

GPS 5,0 42,0 150,0 0,01 

Total       0,20 

Table 18 - Intermittent power usage during air phas e 

During the Air phase the FFU is provided with power from the internal 
batteries. If the Air phase lasts for 20 minutes the total power usage during 
the phase is about 1,78 Wh. 
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Recovery phase 

The recovery phase is defined as the time after touch down till recovery or 
until the batteries runs out. The power used by the different subsystems 
during the phase is listed in the table below. 

 

 

  3.3 V (mA) 5 V (mA) 

System     

Main FPGA  50   

Memory 4Gbit x 1 6   

Mux x5 0,05   

Unipolar ADC  20 

     

Sensors    

Altimeter 0,01   

Accelerometer x4 1,40   

     

Transmitters    

Beacon 9,50   

      

Total 67 20 

Power (mW) 221 100 

Power used by converter 340 250 

Table 19 - Continuous power usage during recovery p hase 

Intermittent power table / h U(V) I(mA) t(s) Wh 

Sat. transm. 3,3 500,0 20,0 0,01 

GPS 5,0 42,0 20,0 0,00 

Total       0,01 

Table 20 - Intermittent power usage during recovery  phase 

 

During the recovery phase the FFU is provided with power from the internal 
batteries. The power used by the FFU each hour, based on the figures above, 
is about 0,6 Wh.  

 

RMU power usage 

The camera and the control circuit for it are the only power consumers in the 
RMU. The average current used by them is less then 500 mA this 
corresponds to 2,5 W drawn by the camera voltage converter with respect to 
an efficiency grade of 80%. Since the camera is used for the whole flight time 
the power used by it will be 0,25 Wh based on 6 minutes flight time. This 
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summarizes the total power use for the whole experiment to about 0,3 Wh 
which equals 0,01 Ah with 28 V provided by the REXUS service module. 

 

4.7.6 Power stress and capacity analysis  
The top current consumed from the 3.3V main converter is 147 mA which 
corresponds to 65% of maximum load specified by the manufacturer. For the 
5V main converter the top load is 180 mA which corresponds to 36% of 
specified maximum load. The second 3.3V converter provides power to the 
satellite transmitter when the FFU has reached the ground. The max current 
used is 500 mA, this corresponds to the max load specified by the 
manufacturer. However, the satellite transmitter will only be transmitting for 
short periods of time so heating will not be an issue. The + /- 12 V is loaded to 
50 mA which corresponds to 33% respectively 20% of the converters 
capacity.  

 

The total battery capacity based on the figures in the data sheet with -20° and 
100 mA average current can be calculated to about 20,5 Wh. This means that 
based on a state where the batteries are fully charged at lift of (which is a 
realistic assumption due to the small amount of power used by the system in 
standby mode) the power remaining for the recovery will be (20,5-0,45)=20 
Wh. This means that the recovery phase can continue for up to 50 hours. 

The voltage drop during the lifetime of the experiment is minimal based on the 
data sheet provided by the manufacturer.
 

4.8 Software Design 

4.8.1 Communication and signalling between the FPGA  
All communication between the FPGAs is done using a serial UART interface. 
The serial interface between the FPGAs consists of three lines; low speed 
transmitter and receiver lines and a faster burst line to read out data through 
the USB interface on the Uniprobe board. 

 

External communication happens through either the 25-pin connector on 
Uniprobe going to the GSE board, which has both serial UART lines as well 
as USB, or through the serial lines on the umbilical going through the Main 
board. Commands coming from outside are broadcast throughout the ebox to 
all FPGAs, and only acted upon if an FPGA is selected. Selection happens by 
a toggle command which all FPGAs act upon, cycling through each FPGA 
sequentially. Main is selected by default.  
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Figure 65 FPGAs intercommunication 

 

There are three additional lines, two of them going from Main to both 
Uniprobe and SMILE called "FREQ" and "Mission Mode" and one called 
"Reset" going from Main up to Uniprobe. The purpose of these lines will be 
explained in more detail in the section that follows.  

To reduce the amount of connectors needed, as well as to make the process 
of programming the FPGAs within the ebox easier, the FPGAs are daisy-
chained as shown on the Figure 66. All FPGAs can be accessed and 
programmed through a single JTAG interface. Jumpers are provided on the 
SMILE interface board allowing programming of combinations or single 
FPGAs should certain of them not be present in the chain during production 
and testing for example 
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Figure 66 FPGA chain 

.  

 

4.8.2 Operational Modes  
There are two modes of communication: Test/Command Mode and Mission 
Mode. In the Test/Command mode it is possible to communicate to the 
FPGAs one at a time, change their state, erase and read out memory, etc. 
This mode also includes fast readout of memory from each FPGA. In the 
Mission mode the FPGAs go through a pre-defined sequence of events. 

4.8.2.1 Test/Command Mode  

Test/command mode is the default mode of the SQUID. In this mode the 
FPGAs can respond to the commands received through the serial port, either 
via the GSE board connector (the 25 pin connector on the outside  
of the e-box), or via the umbilical connector. The output of the active 
FPGA will depend on its current state and operation. The commands are 
single characters (TBC). The commands are broadcast throughout the SQUID 
system internally, but only acted upon certain conditions. 

 

Memory Commands  

All three FPGAs use the same solution for storing the data, and operation of 
the memory is controlled by the same commands. The following commands 
are implemented: 

 

• Enable Memory          

• Erase Memory                  
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• Rewind Memory            

• Fast Readout: First the Uniprobe FPGA needs to be set into the USB 
feed state (i.e. the serial data from URS is passed to the USB parallel 
bus, to be interpreted by the GSE board). Then one needs to switch 
active FPGA to SMILE or MAIN (if it is not Uniprobe memory being 
read out),and issue command to start fast readout. 

• Report memory status to serial port 

 

 

Main FPGA commands  

• switch on/off SMILE 

• switch on/off Uniprobe +/-12V 

• switch on motors 

• change step duration for motor 

• change direction of the motor 

• switch on/off power to reflective sensor 

• switch on/off GPS power 

• switch on/off STX2 power 

• initiate message transmission on STX2 

• switch serial output to the GPS module output 

• switch serial output to STX2 response 

 

Uniprobe FPGA commands  

• Start Sampling: Begin recording data to memory 

• Cycle between individual and dual probe bias setting  

• Change bias current: Manually step the bias current 

• Change direction of the bias current setting: Change the step direction 
of the bias current setting change. 

• Send the bias current settings to serial port 

 

SMILE FPGA commands  



  Page 106 

 

 

 

RX910-SQUID_SED-v3-16August10 

• Compensation Select: Toggles between manual and automatic 
compensation.  

• Input Select  

• Start Sampling: Begin recording data to memory 

• Change excitation level: Manually change the excitation level 

• Change x variable: Manually step the compensation DAC value for the 
x coil. 

• Change y variable: Manually step the compensation DAC value for the 
y coil. 

• Change z variable: Manually step the compensation DAC value for the 
z coil. 

• Change direction of the DAC manual setting: Change the step direction 
of the manual compensation DAC change. 

• Send the DAC settings to serial port 

 

4.8.2.2 Mission Mode  

In the mission mode the system goes through a predefined set of events 
(flight event sequence), initiated by the liftoff signal (TBC). A mission mode 
trigger command is used to put the system into the mission mode. Mission 
mode abort command can be used to stop the execution of the flight 
sequence. No other commands are accepted. When the payload is in the 
mission mode a green LED indicator blinks, visible from outside of the system. 

 

MAIN FPGA controls the state of the system, switching certain 
parts of it on and off, and starts data recording in SMILE and  
Uniprobe FPGAs. The sequence of events for boom deployment controlled by 
MAIN is illustrated in the diagram below (See Figure 67). Separation from the 
RMU occurs at 65 seconds after lift-off (T-0). One second after this the motors 
(ON) are switched on, direction (DIR) is outwards, and STEP ramped down 
from its maximum value to a value corresponding to the nominal deployment 
speed. After a time interval dependent on the spin rate, STEP is ramped up to 
a value corresponding to half the deployment speed and kept there for a time 
interval dependent on the initial spin rate after which the deployment is 
stopped. After full boom deployment, a series of sweeps are performed on 
probes 2 and 4 for a few seconds. 
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At 200s after lift-off, the motors are again switched on for retraction. Motor 
speed is ramped up ie. STEP is ramped down and kept constant until fully 
retracted, and the motors stopped at approximately 220 seconds. 

  

 
Figure 67: Boom deployment sequence 

 

 Figure 68Figure 68 shows the flight sequence of events. SMILE is powered 
up as soon as Main enters its internal Mission Mode, as much as 30 minutes 
before lift-off. Main then awaits the Lift-off signal from the Rocket. On the 
falling edge of this signal, the mission mode signal between the FPGAs is 
asserted and SMILE begins recording to memory (data logging indicated in 
grey). 60 Seconds after lift-off, just before FFU ejection the higher voltage 
parts of the Uniprobe board are powered up. Once the doors on the SCALE 
units have been ejected and the probes deployed at 86s after lift-off, the reset 
signal is sent to the Uniprobe FPGA which, during mission mode indicates 
that the memory must now be enabled and data collection begins. 

 

 
Figure 68: Sequence of events in Mission Mode 

  
When the booms begin to retract at 200s, the data logging of the Uniprobe 
ends. SMILE continues to log data mission mode ends when the parachute is 
deployed. 
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The output from the system is the MAIN FPGA low data rate output, a subset 
of the acquired data (see below section 4.8.3), with the GPS interleaved byte 
taken out of the data format, but a pre-amble and checksum added for 
communication integrity purposes. This low data rate output will be handled 
by a real time monitoring software to be developed for use of mission mode 
testing as well as launch campaign tests. 

4.8.3 Data Format  
 

4.8.3.1 Main Instrument 

There are two data format. One data format contains the data to be saved into 
memory while the other data format is the data sent to telemetry in packets. 
Each data structure is described in the following sections. 

 

Data communication via serial port uses ASCII coded hexadecimal numbers 
(2 characters per each data byte), for human readability. 

 

Data Format to Memory  

The rate at which the packets are produced to be written  
to memory for Main is 2000 Hz. 

All data going to memory is 16 bytes long. GPS messages are also 16 byte 
long. They are indicated that time within seconds is x"FFF" (which never 
happens for timevector). The format is shown in  and Table 22. 

 

Header Status 
bit Analogue output 

2 bytes 
ADC1 

2 bytes 
ADC2 

2 bytes 
ADC3 

2 bytes 
ADC4 

2 bytes 
ADC5 

20 bits 

seconds 
since reset 

12 bits 

time within 
seconds 

2 bytes 

(A1) (A2) (A3) (A4) (A5) 

Table 21 Data format to Memory 

 

Header GPS message 

20 bits 

seconds since reset 

12 bits 

x“FFF” 
12 bytes 

Table 22 Data Format to Memory 
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Data Format to Telemetry  

The data format to Telemetry is 22 bytes long. The structure is shown is  

 

Preamble Header Statu
s bit Analog output CRC 

2 bytes 
ADC1 

2 bytes 
ADC2 

2 bytes 
ADC3 

2 
bytes 
ADC4 

2 
bytes 
ADC5 4 bytes 

2 bytes 

seconds 
since 
reset 

2 bytes 

time 
within  
sec 

2 
bytes 

(A1) (A2) (A3) (A4) (A5) 

2 bytes 

Table 23 Data Structure to Telemetry 

 

Preamble 

A series of four pre defined bytes is used as the start of packet. 

 

Header 

Bytes 0-1 contain integer number of seconds since reset. 
Bytes 2-3 contain bits 25-10 of the internal clock vector. 

 

Status bit 

The status bit field consists of 16 bits used to monitor the on/off status of the 
different units, the signal out from the four opt. sensors and the signals SOE, 
SODS, Mission mode. 

Status bit  Description 

Bit 0 SMILE on 

Bit 1 +12V on 

Bit 2 GPS on 

Bit 3 STX2 on 

Bit 4 BEACON 

Bit 5 CUTTER 

Bit 6 MOTORS on 

Bit 7 VFIRE 

Bit 8 OPT1 

Bit 9 OPT2 

Bit 10 OPT3 

Bit 11 OPT4 
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Bit 12 SOE 

Bit 13 SODS 

Bit 14 Mission mode 

Bit 15 LIFTOFF 

Table 24 Status bit description 

Analogue output  

Analogue signals taken by SQUID are interleaved, sampling sequentially over 
16 channels on five Analog to Digital Convertors. The sequence of the 
channels is as detailed below. 

  

Analogue output 1 to 3 

The analogue outputs A1, A2 and A3 from the ADCs are identical and the 
data collected is from the sensors in the three identical spheres. The 
description of the channels is as follows 

A1- A3 

Channel  Description 

Ch0 RATEOUT_1 from Gyro1 

Ch1 RATEOUT_2 from Gyro2 

Ch2 RATEOUT_3 from Gyro3 

Ch3 RATEOUT_4 from Gyro4 

Ch4 X_OUT from Accelerometer 

Ch5 Y_OUT from Accelerometer 

Ch6 Z_OUT from Accelerometer 

Ch7 Strain Gauge 

Ch8 RATEOUT_1 from Gyro1 

Ch9 RATEOUT_2 from Gyro2 

Ch10 RATEOUT_3 from Gyro3 

Ch11 RATEOUT_4 from Gyro4 

Ch12 X_OUT from Accelerometer 

Ch13 Y_OUT from Accelerometer 

Ch14 Z_OUT from Accelerometer 

Ch15 Ground 

Table 25 Analogue output 1 to 3 description 

Analogue Output 4 
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The analogue output 4 from the ADC refers to the data from the sensors in 
the main board and the channels are described as follows. 

 A4  

 Channel  Description  

 CH0 RATEOUT_M1 from Gyro1  

 CH1 RATEOUT_M2 from Gyro2  

 CH2 RATEOUT_M3 from Gyro3  

 CH3 RATEOUT_M4 from Gyro4  

 CH4 X_OUTM from Accelerometer  

 CH5 Y_OUTM from Accelerometer  

 CH6 Z_OUTM from Accelerometer  

 CH7 ALT_OUTPUT from the altimeter  

 CH8 RATEOUT_M1 from Gyro1  

 CH9 RATEOUT_M2 from Gyro2  

 CH10 RATEOUT_M3 from Gyro3  

 CH11 RATEOUT_M4 from Gyro4  

 CH12 X_OUT from Accelerometer  

 CH13 Y_OUT from Accelerometer  

 CH14 Z_OUT from Accelerometer  

 CH15 TEMP_MAIN from temperature sensor  

Table 26 Analogue Output 4 description 

 

Analogue Output 5 

The analogue output 5 is reserved for housekeeping, the monitoring of the 
voltage is possible as well as the current consumption. The channels are 
described as follows. 

 

 A5  

 Channel Description  

 HK_1.5 V+1.5M  

 HK_3.3 V+3.3M  

 HK_5 V+5M  

 HK_8 V+8M  

 HK_+12 V+12  
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 HK_-12 V-12  

 HK_VFIRE +7.2VFIRE  

 IBATT Battery current  

 HK_1.5 V+1.5M  

 HK_3.3 V+3.3M  

 HK_5 V+5M  

 HK_8 V+8M  

 HK_+12 V+12  

 HK_-12 V-12  

 HK_VFIRE +7.2VFIRE  

 VBATT Battery voltage  

Table 27 Analogue Output 5 description 

 

GPS Message  

NMEA messages from GPS are interleaved byte wise and sent in byte 16. 
When no GPS message is available, byte 16 is padded with 0xAA. 
 

CRC 

A check sum will be implemented. 

 

 

4.8.3.2 Uniprobe/EFP 

The Uniprobe FPGA stores the Uniprobe sensor readings and the EFP 
readings. One data format caters for both datasets. There are 7 channels in 
total, Uniprobe has 3 channels, EFP has 4 channels. The data storage format 
is 28 bytes long. The format is shown in . 

The rate at which the packets are produced to be written  
to memory for Uniprobe/EFP is 32000 Hz. 

 

 

Header Bias 
Setting Analog output 

2 bytes 

 seconds 

2 bytes 

time within 
seconds 

2 bytes 
3 

bytes  
Ux 

3 
bytes 

Uy 

3 
bytes 

Uz 

3 
bytes 

P1 

3 
bytes  

P2 

3 
bytes  

P3 

3 
bytes  

P4 
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Table 28 Uniprobe Data format 

Header 

Bytes 0-1 contain integer number of seconds since reset. 
Bytes 2-3 contain bits 25-10 of the internal clock vector (TBC). 

 

Bias Setting 

The bias current settings for the EFP PWM are stored in the 2 bytes following 
the header and will either be used as a lower resolution “per probe” setting 
during testing or a higher resolution setting to place an equal and opposite 
current to/from each swept probe. 

 

Analogue Output  

18-bit readings from each ADC are stored in 3 bytes, the remaining 6 bits 
padded in an alternating fashion. 

 

4.8.3.3 SMILE 

 

SMILE stores only the tri-axial compensation current readings. The data 
format is 10 bytes long and is shown in .  

 

The rate at which the packets are produced to be written  
to memory for SMILE is 8000 Hz. 

 

Header Output 

2 bytes 

seconds 

2 bytes 

time within 
seconds 

2 bytes 
X 

2 bytes  
Y 

2 bytes 
Z 

Table 29 SMILE data format 

Header 

Bytes 0-1 contain integer number of seconds since reset. 
Bytes 2-3 contain bits 25-10 of the internal clock vector (TBC). 

 

Output  
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13-bit readings from each ADC are stored in 2 bytes; the 2 most significant 
bits corresponds to the sampled channel which can be used for 
synchronisation followed by a constant zero bit.  

 

4.8.4 SQUID Software 
The software of the SQUID experiment consists of three parts: The Main 
FPGA development, the Uniprobe FPGA development and the SMILE FPGA 
development. They are described in the following sections.   

 

4.8.4.1 Main FPGA 

The main FPGA software is divided in modules. Some of the modules already 
exist in the LAPlander design. The intention is to re use them, modifying them 
to adapt them to the SQUID system. 

 

There are some modules that are essential for the function of the system, so 
they have priority to be tested. Also there is the memory block which will 
handle the recoding of the data. Special attention must be pay to the motor 
controller since it needs to be written from zero. An overview of the software is 
as follows. 

 

System clock  

The system_clock is a 26-bit vector that generates all timing for the SQUID 
system. 

 

 Clock Vector  

 MCLK = 32.768 MHz  

 M_TIME 0 = 32.768 MHz  

 M_TIME 1 = 16.384 MHz  

 M_TIME 2 = 8.192 MHz  

 M_TIME 3 = 4.096 MHz  

 M_TIME 4 = 2.048 MHz  

 M_TIME 5 = 1.024 MHz  

 M_TIME 6 = 512 kHz  

 M_TIME 7 = 256 kHz  

 M_TIME 8 = 128 kHz  
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 M_TIME 9 = 64 kHz  

 M_TIME 10 = 32 kHz  

 M_TIME 11 = 16 kHz  

 M_TIME 12 = 8 kHz  

 M_TIME 13 = 4 kHz  

 M_TIME 14 = 2 kHz  

 M_TIME 15 = 1 kHz  

 M_TIME 16 = 500 Hz  

 M_TIME 17 = 250 Hz  

 M_TIME 18-25 = 1 Hz  

Table 30 System Clock 

 

Master control  

The master_control module generate all the commands to turn on the different 
units in the experiment, select the operation mode, i.e. mission mode or test 
mode; control the memory; handles the external serial communication. 
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Figure 69 Master Control Module 

 

Data acquisition modules  
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ADC interface & MUX 

All the sensors used in SQUID provide analogue outputs therefore four bit 
multiplexors are used to select the data output source. The address of MUX in 
the main board is controlled by the clock M_TIME(TBD)  while the address of 
the MUX in the sphere is controlled by a counter that starts with the Reset 
signal The serial data gathered by the sensors will be formatted by the 
ADC_interface into a 16-bit output directed to the Data_stuffer and then saved 
in memory.  The ADC needs two signals to operate, ADC_Sclk and ADC_CS, 
which are generated in the same ADC interface. 

 

 
Figure 70 ADC interface module 

 

Data Stuffer  

The Data_stuffer is the module that receives all the data gathered and the 
signals to be formatted in an 8-bit data vector and then sent to the memory 
buffer that will work in synchrony with the memory chip controller. The clock of 
this module is given by the System Clock, M_TIME(TBD) 

 

Memory Buffer 

 The memory buffer is an intermediate buffer that will generate the signal full 
flag that will indicate when there are sufficient data to fill half capacity of the 
memory chip. The clock of this module is given by the System Clock, 
M_TIME(TBD).  The memory buffer is a FIFO of 4Kbytes. 
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Memory controller 

The chip controller will send the necessary signals to control de memory IC 
and further more it will provide two 8-bit vector outputs of data containing the 
data of the memory and the state of the memory respectively both outputs will 
be directed to the Master control. 

 

 
Figure 71 Data Output modules 

 

GPS modules  

After receiving the GPS_on signal from the master control module, the 
module called GPS_control will generate the signal to power on the GPS unit 
and send 8-bit commands through the UART (GPS_TX_BLOCK) to start the 
acquisition of data. The GPS_RX_BLOCK will receive the serial data from the 
GPS unit that will be sent to a GPS_Data_Processor in a 8-bit format, where it 
will be split in 4-bit data to represent one BCD GPS number and then sent to 
a register module (GPS_reg) to be sorted in GPS data and GPS position in a 
8-bit format. The GPS data will be sent to Data_stuffer module to be saved in 
memory and the GPS position to the STX2 block to be transmitted. 
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Figure 72 GPS modules 

 

 

STX2 module  

Once the STX2_On signal is processed by the STX2_control module, the 
request to send (RTS) signal will be sent to the satellite transmitter then when 
clear to sent signal (CTS) has been received the 8-bit GPS position data from 
the GPS register will be sent through the UART module to the satellite 
transmitter. Thus the position will be sent to the satellite. 

 

 
Figure 73 STX2 modules 
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Motor module  

 

The FPGA controls the current in the motor windings. When the current in two 
windings follows a predefined pattern, the motor shaft rotates, with direction 
alternation of the current corresponding to steps taken by the motor. Figure 74 
shows the direction of the current through windings A and B, corresponding to 
counter clockwise rotation of the motor axis, as seen towards the motor body. 

 
Figure 74:  Driving sequence of the motors 

The speed of the motor is determined by the time between switching 
directions of the current. Motor controller block generates the logic signals to 
switch the winding driving circuits, with the direction of rotation and speed 
controlled by the deployment control block. The deployment control provides 
an 8 bit (TBC) vector called step, which is used for clock division in the Motor 
controller, to go down in frequency from motor controller clock to motor 
stepping signal. Changes in the speed of the motor will be implemented by 
gradual ramping of the step vector, to avoid sudden acceleration/deceleration. 
In the mission mode, the output of the deployment control module will go 
through a deployment/retraction schedule. In the test/command mode the 
motor speed and direction will be fully controllable by command. (see Figure 
75). The reflective sensor will give feedback to the deployment control 
indicating if any motor does not rotate. The deployment will be stopped in this 
case.  

 
Figure 75 Motor modules 

 

4.8.4.2 Uniprobe FPGA  
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The Uniprobe FPGA software is divided in modules as shown in the figure. 
The main, slow serial communication, memory control and ADC modules can 
be reused and adapted from LAPLander.   

 
Figure 76 Uniprobe modules 

  

     

The main module will develop concurrently to the surrounding modules as 
new features are included. Establishment of basic communication and control 
over the FPGA is of primary importance. The existing memory module should 
not require too many changes. The most drastic changes to the software will 
be the adaption of ADC control to the AD7691 and the addition of Fast serial 
communication and USB.     

There will be two different modes: Test and Mission.  

Main & Communication Block  

The main will retain much of the functionality of the core MAIN FPGA modules 
with the exception that it will not handle on-board systems, and it will include a 
USB interface. The main block will also include software to manage the EFP 
PWM output to perform current sweeps on the probes. 

Data acquisition modules  

Again, the modules from MAIN will only require modification to work with the 
18-bit ADCs used by the EFP and Uniprobe. 

Memory  

The memory modules on the Uniprobe FPGA will function also much the 
same as those of MAIN apart from the source of the data. 

4.8.4.3  SMILE FPGA  

The SMILE FPGA software is already operational but must be adapted to 
work with SQUID, in particular, the burst UART which replaces one of 
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SMILE’s USB lines must be added to the design. The existent modules are 
shown in the Appendix J  

4.9 Ground Support Equipment 
Before launch, the SQUID experiment must be tested to verify and validate 
that the system is working. Therefore a software and computer system must 
be developed in parallel with the SQUID code that will be able to collect the 
low sampling rate data stream in real time and present it graphically on a 
standard Windows or Mac computer during test mode. Also, the computer 
program must be able to issue the command to go to flight mode prior to 
launch. As the experiment does not send the collected data through a radio in 
real time, the data must be saved within the experiment and the memory 
recovered after landing, for this the computer software must be able to extract 
the data and save it in the computer hard drive.  

A dedicated "Ground Support Equipment" board is developed for two 
purposes. First, it will provide programming interface for the JTAG daisy chain 
(starting with the GSE board FPGA connected to standard flat cable 
connector). Second, it will facilitate the readout of the data, providing a fast 
USB interface to a PC. The data for the USB interface are output from the 
Uniprobe FPGA on a parallel port, which is handled to by the GSE board. The 
development of the fast USB readout is outside the scope of the SQUID 
development, it is a synergy with other projects at SPP. Even if delayed, this 
does not endanger SQUID, as slow memory readout through the RS232 port 
will always be possible.  

For placement the FFU on the RID an tensioning device such as a winch will 
be required, in order to be able to preload the ejection spring to a maximum of 
2000N and place the FFU on the correct position. 

Post-landing a computer will be used to retrieve the GPS position transmitted 
by the satellite modem onboard the experiment. The experiment will need to 
be recovered by the helicopter recovery crew, this will most likely occur during 
the REXUS payload recovery operation. Radio communication with the 
helicopter recovery team is required, and printed instructions for FFU recovery 
will be provided. 
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Equipment/Service Use Provided by 
GSE board w cables Programming interface/data readout SQUID 

2 PC computers (1 backup) Interfacing to GSE board SQUID 

Flight data terminal In-flight monitoring of experiment SQUID 

SD-card reader HD Camera data saving SQUID 

Printer Printing of checklists Eurolaunch 

Laminating machine Laminating recovery crew chk.list SQUID 

3000N winch Preloading ejection spring SQUID/Eurolaunch 

FFU recovery by helicopter Recovery of experiment Eurolaunch 

Communication with rec. crew Assisting in experiment recovery Eurolaunch 

Table 31 - List of GSE 

 

4.9.1 Ground support Software 
The GSS (ground support software) used are divided in two different 
programs. First the liveGSS which will be the software that communicates 
with the experiment live during tests and during the mission. Secondly the 
readOutGSS which is the software that will be reading out and presenting the 
files stored on the memory of the FFU.  

 

4.9.1.1 liveGSS 

liveGSS is programmed in python 2.7. It will consist of three main threads, 
which are briefly explained in Figure 77. The liveGss communicates with the 
experiment through the pySerial module. It will also feature a graphical 
environment built in the Tkinter environment. 
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Figure 77 - Brief overview of liveGSS 
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4.9.1.2 readOutGSS 

The readOutGSS will be written in Matlab environment. The software will in 
many aspects make use of earlier software written for the ALBERT 
experiment, which is part of the POGOLite mission. An overview of the 
intended software layout can be seen in Figure 78. 

 
Figure 78 - Brief overview of readOutGSS 
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5 EXPERIMENT VERIFICATION AND TESTING 

5.1 Verification Matrix 
The testing for each requirement is listed in the verification matrix in table 10. 

ID Requirement Verification 

F.1.1 The FFU shall deploy four wire booms 
symmetrically to nominal length.  

T,I 

F.1.2 
The FFU shall follow a pre-programmed wire 
boom deployment routine so that residual 
oscillations of the wire booms are reduced  

T,A 

F.1.3 The FFU shall retract the wire booms 
completely before re-entry phase  

T,I 

F.1.4 

The FFU shall gather data on spherical probe 
acceleration and angular rate as well as wire 
tension to enable post-flight reconstruction of 
wire boom deployment and retraction 
dynamics  

T 

F.1.5 The FFU shall use radio beacon to be 
trackable by recovery helicopters after landing  

T (A?) 

F.1.6 

The FFU shall gather data on its attitude and 
altitude from sensors in the main body to assist 
in post-flight reconstruction of wire boom 
deployment and retraction dynamics, as well 
as FFU dynamics in the atmosphere  

T 

F.1.7 The FFU shall deploy a parachute T,I 

F.1.8 The FFU should gather data on the potentials 
of all the wire boom probes 

R, T 

F.1.9 
The FFU should gather data on AC magnetic 
field variation in the frequency range of 50 Hz 
to 10 kHz  

R, T 

F.1.10 The FFU should transmit its GPS position   T 

F.1.11 The FFU may provide temperature readings in 
the e-box     

T 

F.2.1 The RMU shall record video of the FFU as it is 
ejected  

R, T 

F.2.2 
The RMU shall eject the FFU from the rocket 
at a speed that ensures no collision with either 
the experiment modules or the nosecone. 

A, T 
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F.2.3 The RMU shall eject the FFU, non tumbling, 
along the rocket’s roll axis 

T, I 

P.1.1 The FFU deploy the four wire booms to 
nominal length within 2% margin of each other 

T, I 

P.1.2 

The FFU shall reduce the residual oscillations 
to less than a 10% of the oscillations that the 
system would have with a constant speed 
deployment  

A 

P.1.3 
The FFU shall provide acceleration 
measurements with an accuracy of ±0.1g at a 
sample rate of 200 samples/sec   

R 

P.1.4 
The FFU shall provide angular rate 
measurements to an accuracy of within 10 
deg/s at a sample rate of 200 samples/sec   

R 

P.1.5 The FFU shall be trackable by recovery 
helicopters during daylight hours for two days  

R, T 

P.1.6 The FFU shall reduce its speed to a maximum 
of 10 m/s by using the parachute system 

T 

P.1.7 

The FFU should provide vector magnetic field 
measurements in the FFU body with an 
accuracy of within 500 nT at a sample rate of 
200 samples/sec   

R, T 

P.1.8 

The FFU should provide measurements of AC 
magnetic field variation using the induction 
magnetometer in one spherical probes with 
noise level of under 10 pT/sqrt(Hz) at 0.1 kHz, 
1 pT/sqrt(Hz) at 1 kHz, and 0.3 pT/sqrt(Hz) at 
10 kHz.  

R, T 

P.1.9 
The FFU should reacquire and re-transmit it's 
GPS position every ten seconds during 
parachute drop phase 

R 

P.1.10 The FFU should reacquire and re-transmit it's 
GPS position every half hour after landing 

R 

P.1.11 
The FFU may provide temperature readings in 
the e-box to an accuracy of ±1 degrees C at a 
rate of 1 measurement/sec     

R, T 

P.2.1. The RMU shall eject the FFU to a speed 
between 2 to 3m/s relative to rocket. 

A 

P.2.2 The RMU should have the ejected FFU in the A, T 
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field of view of the camera and provide video 
data for at least 20s, usable for analysis of 
start of wire boom deployment.   

P.2.3 

The RMU may have the ejected FFU in field of 
view of the camera and provide video data for 
at least 60s, usable for analysis of the entire 
wire boom deployment phase.  

A, T 

D.1.1 The FFU shall fit within the nosecone of the 
REXUS rocket  

R, I 

D.1.2 
The FFU shall have its COG centred in both 
the radial and axial direction, within ±5mm in 
radial direction and ±10mm in axial direction.  

A, T 

D.1.3 The FFU shall withstand the mechanical and 
thermal stress of the launch  

A, T 

D1.4 NOT APPLICABLE, AIRBAG SOLUTION 
DISCARDED 

 

D.1.5 NOT APPLICABLE, AIRBAG SOLUTION 
DISCARDED 

 

D.1.6 The FFU shall use batteries that are qualified 
for use on in the REXUS system.   

R 

D.1.7 The FFU shall have sufficient battery capacity 
and memory to handle the pre-flight tests.  

R 

D.1.8 The FFU shall comply with the legal 
requirements for radio transmission  

R 

D.1.9 The FFU shall comply with the REXUS thermal 
requirements  

R, A 

D.1.10 
The FFU shall have enough space to house 
the parachute and landing system, ensuring 
low friction during parachute deployment 

A, T, I 

D.1.11 

The FFU shall be built to withstand minimal 
damage at impact with airbraking system 
deployed, without damaging internal 
electronics 

I 

D.1.12 The FFU should survive re-entry without any 
major damage to internal components   

A 

D.1.13 The FFU shall not interfere with REXUS HF 
transmissions and electronics. 

R 

D.2.1 The RMU shall not interfere with the REXUS T 
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rocket electronics  

D.2.2 The RMU shall comply with the REXUS 
thermal requirements  

A 

D.2.3 The RMU shall withstand the mechanical and 
thermal stress of the launch  

A 

D.2.4 
The RMU shall convert the 28 V power feed 
from the RXSM to 8 V for powering the FFU 
until ejection  

R, T 

D.2.5 The RMU shall not interfere with the ejection of 
the FFU  

R 

D.2.6 The RMU shall protect the camera memory 
during normal rocket re-entry and landing  

A 

D.2.7 
The RMU may provide protection for the 
camera memory in the event of a head-on re-
entry of the rocket.  

A 

D.2.8 
The RMU shall be able to withstand the 
mechanical stresses of the ejection spring, 
2000N, without deforming. 

A,I 

D.2.9 
The RMU shall be possible to mount and 
secure to the existing REXUS rocket magic hat 
cylinder. 

R,I 

O.1.1 

The FFU shall disable power to the wire boom, 
hatch opening, and radio transmission 
subsystems of the FFU until ejection from the 
rocket  

R,T 

O.1.2 NOT APPLICABLE, AIRBAG SOLUTION 
DISCARDED 

 

O.1.3 The FFU shall work independently of any 
control from the ground or RMU after liftoff.  

R,A,T 

O.1.4 
The FFU (and the rocket) shall have a spin 
rate of at least 3.5 Hz relative to the ground at 
the moment before ejection from the rocket. 

A,R 

O.2.1 
The RMU shall relay SOE, SODS and 
LIFTOFF signals to FFU, and serial 
communication between RXSM and FFU. 

T 

O.2.2 The RMU shall hold the FFU secured to the 
RID until ejection is intended. 

A,T 

 
Table 32: Requirement verification matrix 
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5.2 Test Plan 
 

 

Test number T.F.1.1.1 

Test type Mechanical 

Test facility SPP facilities 

Tested item SCALE 

Test level/procedure 
Test to manually rotate the main shaft of the SCALE 
system without motor and cable in order to detect 
possible design problems. 

Test duration 4 hours 

Comments/status   

Test number T.F.1.1.2 

Test type Mechanical 

Test facility SPP facilities 

Tested item SCALE 

Test level/procedure 
Test to manually rotate the main shaft of the SCALE 
system with cable in order to detect possible problems 
with guiding the cable 

Test duration 4 hours 

Comments/status   

Test number T.F.1.1.3 

Test type Mechanical 

Test facility SPP facilities 

Tested item SCALE 

Test level/procedure Measure friction in the SCALE system while manually 
rotating the shaft with and without the cable in place 

Test duration 1 day 

Comments/status   

Test number T.F.1.1.4 

Test type Mechanical 

Test facility SPP facilities 

Tested item SCALE 
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Test level/procedure Verify that SCALE system runs smoothly with motor in 
place without the cable 

Test duration 2 hours 

Comments/status   

Test number T.F.1.1.5 

Test type Mechanical 

Test facility SPP facilities 

Tested item SCALE 

Test level/procedure Verify that SCALE system runs smoothly with motor 
and cable in place 

Test duration 2 hours 

Comments/status   

Test number T.F.1.1.6 

Test type Mechanical / thermal 

Test facility SPP facilities 

Tested item SCALE 

Test level/procedure 

Test SCALE system with cable and motor at -30°C in 
order to detect possible interference problems due to 
thermal expansion. Repeat deployment several times to 
test reliability 

Test duration 1 day 

Comments/status   

Test number T.F.1.1.7 

Test type Electronic 

Test facility SPP facilities 

Tested item SCALE 

Test level/procedure Test that reflective sensor reacts as expected when 
rotating the reflective wheel 

Test duration 2 hours 

Comments/status   

Test number T.F.1.1.8 

Test type Electronic 

Test facility SPP facilities 

Tested item SCALE 
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Test level/procedure 
Test to follow deployment sequence with reflective 
sensor and reconstruct the deployment based on the 
saved data 

Test duration 4 hours 

Comments/status  

Test number T.F.1.1.9 

Test type Electronic 

Test facility SPP facilities 

Tested item Motor/motor driving circuit 

Test level/procedure Test that current regulation provides specified current 
through the motor windings  

Test duration 2 hours 

Comments/status   

Test number T.F.1.1.10 

Test type Electronic 

Test facility SPP facilities 

Tested item Motor/motor driving circuit 

Test level/procedure Test to run the motor at the specified speeds during 
+20°C and -30°C 

Test duration 4 hours 

Comments/status  

Test number T.F.1.2 

Test type Electronic 

Test facility SPP facilities 

Tested item Motor/motor driving circuit 

Test level/procedure Test that acceleration and deceleration of the motors 
works as specified within the software algoritm 

Test duration 4 hours 

Comments/status   

Test number T.F.1.3 

Test type Mechanical  

Test facility SPP facilities 

Tested item SCALE 
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Test level/procedure Load the wire boom with different masses and calculate 
experimental MOS on the torque during retraction 

Test duration 2 days 

Comments/status   

Test number T.F.1.4.1 

Test type Electronic 

Test facility SPP Electronics lab 

Test item Accelerometers 

Test level/procedure 
Check that it is possible to receive the signal from the 
sensor in the FPGA and that it is possible to store 
output to the memory 

Test duration TBD 

Comments/status   

Test number T.F.1.4.2 

Test type Electronic 

Test facility SPP Electronics lab 

Test item Accelerometers 

Test level/procedure Check that stored sensor data is reasonable 

Test duration TBD 

Comments/status   

Test number T.F.1.4.3 

Test type Electronic 

Test facility SPP Electronics lab 

Test item Accelerometers 

Test level/procedure Simulate realistic scenario, check that it is possible to 
reconstruct the scenario based on the stored data 

Test duration TBD 

Comments/status   

Test number T.F.1.4.4 

Test type Electronic 

Test facility SPP Electronics lab 

Test item Gyroscopes 

Test level/procedure Check that it is possible to receive the signal from the 
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sensor in the FPGA and that it is possible to store 
output to the memory 

Test duration TBD 

Comments/status   

Test number T.F.1.4.5 

Test type Electronic 

Test facility SPP Electronics lab 

Test item Gyroscopes 

Test level/procedure Check that stored sensor data is reasonable 

Test duration TBD 

Comments/status   

Test number T.F.1.4.6 

Test type Electronic 

Test facility SPP Electronics lab 

Test item Gyroscopes 

Test level/procedure Simulate realistic scenario, check that it is possible to 
reconstruct the scenario based on the stored data 

Test duration TBD 

Comments/status   

Test number T.F.1.4.7 

Test type Electronic 

Test facility SPP Electronics lab 

Test item Strain gauges 

Test level/procedure 
Check that it is possible to receive the signal from the 
sensor in the FPGA and that it is possible to store 
output to the memory 

Test duration TBD 

    

Test number T.F.1.4.8 

Test type Electronic 

Test facility SPP Electronics lab 

Test item Strain gauges 

Test level/procedure Check that stored sensor data is reasonable 
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Test duration TBD 

Comments/status   

Test number T.F.1.4.9 

Test type Electronic 

Test facility SPP Electronics lab 

Test item Strain gauges 

Test level/procedure Simulate realistic scenario, check that it is possible to 
reconstruct the scenario based on the stored data 

Test duration TBD 

Comments/status   

Test number T.F.1.4.10 

Test type Electronic 

Test facility SPP Electronics lab 

Test item Accelerometers, gyroscopes and strain gauges 

Test level/procedure Simulate realistic scenario, check that the saved data 
from the different sensors conform 

Test duration TBD 

Comments/status   

Test number T.F.1.5.1 

Test type Transmission 

Test facility SPP facilities 

Tested item Radio beacon 

Test level/procedure Check that signal can be received 

Test duration 1 hour 

Comments/status   

Test number T.F.1.5.2 

Test type Transmission 

Test facility SPP facilities 

Tested item Radio beacon 

Test level/procedure Test to track beacon with receiver at SPP 

Test duration Half day 

Comments/status   
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Test number T.F.1.5.3 

Test type Transmission 

Test facility SPP facilities 

Tested item Radio beacon 

Test level/procedure Test to track beacon with receiver in Lillian forest 

Test duration 2 hours 

Comments/status   

Test number T.F.1.5.4 

Test type Transmission 

Test facility ESRANGE 

Tested item Radio beacon 

Test level/procedure Test to track FFU in realistic conditions using beacon 
transmitter / receiver 

Test duration 2 hours 

Comments/status   

Test number T.F.1.6.1 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item Accelerometers onboard the main body 

Test level/procedure 
Check that it is possible to receive the signal from the 
sensor in the FPGA and that it is possible to store 
output to the memory 

Test duration TBD 

Comments/status   

Test number T.F.1.6.2 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item Accelerometers onboard the main body 

Test level/procedure Check that stored sensor data is reasonable 

Test duration TBD 

Comments/status   

Test number T.F.1.6.3 

Test type Electronic 
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Test facility SPP Electronics lab 

Tested item Accelerometers onboard the main body 

Test level/procedure Simulate realistic scenario, check that it is possible to 
reconstruct the scenario based on the stored data 

Test duration TBD 

Comments/status   

Test number T.F.1.6.4 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item Gyroscopes onboard the main body 

Test level/procedure 
Check that it is possible to receive the signal from the 
sensor in the FPGA and that it is possible to store 
output to the memory 

Test duration TBD 

Comments/status   

Test number T.F.1.6.5 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item Gyroscopes onboard the main body 

Test level/procedure Check that stored sensor data is reasonable 

Test duration TBD 

Comments/status   

Test number T.F.1.6.6 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item Gyroscopes onboard the main body 

Test level/procedure Simulate realistic scenario, check that it is possible to 
reconstruct the scenario based on the stored data 

Test duration TBD 

Comments/status   

Test number T.F.1.6.7 

Test type Electronic 

Test facility SPP Electronics lab 
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Tested item Accelerometers and gyroscopes onboard the main 
body 

Test level/procedure Simulate realistic scenario, check that the saved data 
from the different sensors conform 

Test duration TBD 

Comments/status   

Test number T.F.1.7.1 

Test type Mechanical 

Test facility Tierp airfield 

Tested item Landing system 

Test level/procedure Parachute deployment testing from a car 

Test duration 10 hours 

Comments/status  Completed, see test report in appendix K 

Test number T.F.1.7.2 

Test type Mechanical 

Test facility KTH 

Tested item Parachute with attachment ropes 

Test level/procedure Parachute structural integrity through loading the 
parachute with sand until collapse 

Test duration 1 day 

Comments/status   

Test number T.F.1.7.3 

Test type Mechanical/Electronic/Thermal 

Test facility SPP facilities 

Tested item Cutter 

Test level/procedure Plot the behaviour of the ovenCutter depending on 
thermal conditions in climate chamber 

Test duration 1 day 

Comments/status  Completed, see test report in appendix O 

Test number T.F.1.7.4 

Test type Mechanical 

Test facility SPP facilities 

Tested item Landing system 
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Test level/procedure Test the functionality of the top plate ejection system 
through repeated openings in lab conditions 

Test duration 4 hours 

Comments/status   

Test number T.F.1.7.5 

Test type Mechanical 

Test facility ESRANGE 

Tested item Landing system 

Test level/procedure Full landing system test by dropping the FFU from 
airplane 

Test duration 2 days 

Comments/status   

Test number T.F.1.8.1 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item EFP 

Test level/procedure Check communication with sensor and that storing of 
data is possible 

Test duration TBD 

Comments/status   

Test number T.F.1.8.2 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item EFP 

Test level/procedure Check that stored sensor data is reasonable 

Test duration TBD 

Comments/status   

Test number T.F.1.8.3 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item EFP 

Test level/procedure Simulate realistic scenario, check that saved data is 
correct 
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Test duration TBD 

Comments/status   

Test number T.F.1.9.1 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item UNIPROBE 

Test level/procedure Check communication with sensor and that storing of 
data is possible 

Test duration TBD 

Comments/status   

Test number T.F.1.9.2 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item UNIPROBE 

Test level/procedure Check that stored sensor data is reasonable 

Test duration TBD 

Comments/status   

Test number T.F.1.9.3 

Test type Electronic 

Test facility SPP Electronics lab 

Tested item UNIPROBE 

Test level/procedure Simulate realistic scenario, check that saved data is 
correct 

Test duration TBD 

Comments/status   

Test number T.F.1.10.1 

Test type Transmission 

Test facility SPP facilities 

Tested item GPS 

Test level/procedure Check communication with GPS and satellite modem 

Test duration TBD 

Comments/status   
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Test number T.F.1.10.2 

Test type Transmission 

Test facility SPP facilities 

Tested item GPS 

Test level/procedure Test the message transmission and compare the 
received position with the reference 

Test duration TBD 

Comments/status   

Test number T.F.1.10.3 

Test type Transmission 

Test facility SPP facilities 

Tested item GPS 

Test level/procedure Test to recover FFU in realistic conditions with the help 
of transmitted GPS position 

Test duration TBD 

Comments/status   

Test number T.F.1.11.1 

Test type Electronic 

Test facility SPP 

Tested item Temperature sensor 

Test level/procedure 
Check that it is possible to receive the signal from the 
sensor in the FPGA and that it is possible to store 
output to the memory 

Test duration 3 hours 

Comments/status   

Test number T.F.1.11.2 

Test type Electronic 

Test facility SPP 

Tested item Temperature sensor 

Test level/procedure Check that stored temperature readings are reasonable 

Test duration 3 hours 

Comments/status   

Test number T.F.1.11.3 



  Page 142 

 

 

 

RX910-SQUID_SED-v3-16August10 

Test type Electronic 

Test facility SPP 

Tested item Temperature sensor 

Test level/procedure Test temperature sensors at different temperatures in 
climate chamber 

Test duration 3 hours 

Comments/status   

Test number T.F.2.1 

Test type Electronic 

Test facility SPP facilities 

Tested item Video camera 

Test level/procedure Check that it is possible to control camera and that 
camera starts to record during the right settings 

Test duration TBD 

Comments/status   

Test number T.F.2.2.1 

Test type Mechanical 

Test facility SPP facilities 

Tested item Ejection spring 

Test level/procedure Test to lock the FFU in position and verify that locking 
mechanism holds the FFU in place 

Test duration 1 day 

Comments/status   

Test number T.F.2.2.2 

Test type Mechanical 

Test facility SPP facilities 

Tested item Ejection spring 

Test level/procedure Measure release force when FFU is released from 
RMU by the locking mechanism 

Test duration 1 day 

Comments/status   

Test number T.F.2.2.3 

Test type Mechanical 
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Test facility SPP facilities 

Tested item Ejection spring 

Test level/procedure 
Do a vibration test with FFU and RMU mounted 
together to ensure that the locking mechanism is 
reliable  

Test duration 1 day 

Comments/status   

Test number T.F.2.3 

Test type Mechanical 

Test facility SPP facilities 

Tested item Ejection spring 

Test level/procedure 

Hang the ejection spring, in compressed state, then 
release it and record the release with a high speed 
camera in order to detect possible tumbling during 
streching. 

Test duration 1 day 

Comments/status   

Test number T.P.1.1 

Test type Mechanical 

Test facility SPP facilities 

Tested item SCALE 

Test level/procedure 
Perform repeated full deployment of the four wire-
booms simultaneously and measure the possible length 
differences 

Test duration 1 day 

Comments/status   

Test number T.P.1.5 

Test type Electronic / thermal 

Test facility SPP facilities 

Tested item FFU 

Test level/procedure Perform a realistic full mission scenario to check life 
time of the experiment 

Test duration 3 days 

Comments/status   
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Test number T.P.1.6 

Test type Mechanical 

Test facility ESRANGE 

Tested item Landing system 

Test level/procedure Measure fall speed during drop test 

Test duration 2 hours 

Comments/status   

Test number T.P.1.7 

Test type Electronic 

Test facility SPP facilities 

Tested item SMILE 

Test level/procedure Verify that data recorded during realistic scenario is 
within the performance requirements 

Test duration 1 day 

Comments/status   

Test number T.P.1.8 

Test type Electronic 

Test facility SPP facilities 

Tested item UNIPROBE 

Test level/procedure Verify that data recorded during T.F.1.9.3 are within the 
performance requirements 

Test duration 1 day 

Comments/status   

Test number T.P.1.11 

Test type Electronic 

Test facility SPP facilities 

Tested item Temperature sensor 

Test level/procedure Verify that data recorded during T.F.1.11.3 are within 
the performance requirements 

Test duration 1 day 

Comments/status   

Test number T.P.2.2 

Test type Electronic 
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Test facility SPP facilities 

Tested item Video camera 

Test level/procedure Test and verify video recording for different distances 
and light conditions 

Test duration 1 day 

Comments/status   

Test number T.P.2.3 

Test type Electronic 

Test facility SPP facilities 

Tested item Video camera 

Test level/procedure Verify that video quality from T.P.2.2 is sufficient for 
data analysis 

Test duration 1 day 

Comments/status   

Test number  T.D.1.2  

Test type  Mechanical  

Test facility  SPP  

Tested item  FFU  

Test level/procedure  TBD 

Test duration  TBD 

Comments/status   

Test number  T.D.1.3  

Test type  Structural/vibration  

Test facility  TBD  

Tested item  FFU, RMU  

Test level/procedure  
Vibration test of the FFU according to the specifications 
of Eurolaunch. Test the system after vibration test for 
detection of failures. 

Test duration  3 days 

Comments/status   

Test number  T.D.1.10 

Test type  Mechanical 

Test facility  SPP Facilities 



  Page 146 

 

 

 

RX910-SQUID_SED-v3-16August10 

Tested item  FFU 

Test level/procedure  
Check different folding techniques and check that they 
fit on the compartment. Measure force needed to pull 
the parachute out. 

Test duration  5 hrs 

Comments/status  Completed 

Test number  T.D.2.1  

Test type  Electronic/Electromagnetic interference  

Test facility  SPP facilities  

Tested item  RMU  

Test level/procedure  TBD 

Test duration  TBD  

Comments/status   

Test number  T.D.2.4.1 

Test type  Electronic 

Test facility  SPP Facilities   

Tested item  NSSB  

Test level/procedure  Measure efficiency grade of RMU voltage converters 
with different loads for +20°C and -30°C 

Test duration  TBD  

Comments/status   

Test number  T.D.2.4.2 

Test type  Electronic 

Test facility  SPP Facilities   

Tested item  NSSB  

Test level/procedure  Test to run full flight sequence with the FFU while on 
ground and supplied with voltage from RMU converters 

Test duration  TBD  

Comments/status   

Test number  T.O.1.1  

Test type  Electronic 

Test facility  SPP Electronics lab  

Tested item  Umbilical connection  
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Test level/procedure  Connect and reconnect umbilical connectors repeated 
times and check that vFire systems are switched on/off  

Test duration  TBD  

Comments/status   

Test number T.O.1.3.1 

Test type Electronic 

Test facility SPP electronics lab 

Tested item FFU 

Test level/procedure 
Physically separate the FFU from the umbilical pins and 
check that all the systems work correctly at the desired 
order. 

Test duration 5 hours. 

Comments/status   

Test number  T.O.1.3.2  

Test type  Electronic 

Test facility  SPP electronics lab  

Tested item  DCDC board 

Test level/procedure  Measure voltage delivered by FFU voltage converters 
with different loads for +20°C and -30°C 

Test duration  TBD  

Comments/status  Completed, see test report in appendix R 

Test number  T.O.1.3.3 

Test type  Electronic 

Test facility  SPP electronics lab  

Tested item  Main board 

Test level/procedure  TBD 

Test duration  TBD  

Comments/status   

Test number  T.O.2.1  

Test type  Electronic 

Test facility  SPP electronics lab  

Tested item  FFU, RMU  

Test level/procedure  Verify that signals from RXSM are forwarded through 
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the RMU and received in the FFU 

Test duration  4 hours 

Comments/status   

Test number  T.O.2.2  

Test type  Mechanical 

Test facility  SPP facilities  

Tested item  FFU, RMU  

Test level/procedure  Clamp the spring in compressed state and leave it 
during 10 days. 

Test duration  10 days 

Comments/status   
 

Table 33: Test plan 
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6 LAUNCH CAMPAIGN PREPARATION 
 

6.1 Input for the Flight Requirement Plan (FRP) 
 

6.1.1 Dimensions and Mass 
 

 

Component Mass (kg) 

FFU < 3.5 

RMU < 1.5 

Experiment total mass  (including RID) < 5 

Table 34: Experiment mass 

 

FFU dimension (m):  ∅ 0.22 x 0.1 

FFU footprint area (m2):  0.045 

FFU volume (in m3):  0.0041  

FFU expected COG (centre of gravity) 
position:  

Within +- 5 mm of the centre   

on the rotational axis  

Table 35: FFU dimensions 

 

RMU dimension (m):  ∅ 0.248 x 0.042 

RMU footprint area (m2):  0.048 

RMU volume (in m3):  0.002 

RMU expected COG (centre of 
gravity) position:  

Within +- 10 mm of the centre   

on the rotational axis  

Table 36: RMU Dimensions 
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6.1.2 Electrical Interfaces 

 

REXUS Electrical Interfaces 

 

Service module interface required? Yes 

 Number of service module interfaces: 1 

 TV cannel required? No 

 

Up-/Downlink (RS-422) required? Yes 

 Data rate - downlink: 38.4 Kbaud 

 Data rate – uplink 38.4 Kbaud 

 

Power system: Service module power required? Yes/No (usually yes) 

 Peak power consumption: 4 W 

 Average power consumption: 3 W 

 Total power consumption after lift-off (until 
T+800s) 

0.7 Wh 

 Power ON/OFF control Yes 

 Battery recharging through service module: No 

 

Experiment signals: Signals from service module required? Yes 

 LO: Yes 

 SOE: Yes 

 SODS: Yes 

Table 37: Electrical interfaces applicable to REXUS  
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6.1.3 Launch Site Requirements 
Apart from the ground support equipment in section 4.9 the following 
necessities are required. 

• Helicopter-assisted tracking and recovery to recover the FFU post-
flight.  

• Minimum of 20 litres of beer/day served at 6+/- 3 Celsius – provided by 
ESA. 

 

6.1.4 Launcher requirements 
The identified requirements on the launch vehicle are detailed below 

• The FFU shall be ejected before de-spin of the rocket 
• The coning of the rocket should be less than 2 degrees  
• 38.4 kBaud uplink 
• 38.4 kBaud downlink 
• Power supply as specified on Table 37 

 

6.2 Preparation and test activities at Esrange 
Experiment preparation 

Direct work on the experiment shall preferably only be carried out with at least 
two members of the SQUID team present, in order to avoid mistakes. 

The experiment will be assembled with new batteries once the functional tests 
have been carried out. These batteries will then be tested to ensure proper 
performance.  The parachute will only be packed following successful test of 
the various experiment subsystems and battery replacement, in order to allow 
for easy access to internal components should problems arise. The lines and 
attachment points will be carefully checked at this stage. 

Parachute packing and therefore also finalization of assembly and testing 
shall occur at the latest 24h before integration with the RID, RMU, and rocket.  

Detailed checklists will be made for all procedures, such as parachute 
packing, start up of the system, reading off and erasing memory, and system 
shutdown, in order to avoid errors which may put the experiment at risk. 

In the beginning of the launch campaign the recovery procedure of the 
experiment will be discussed with the recovery crew, and the recovery 
checklist finalized. 
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Functional tests of the experiment 

Proper supply of power to all electronic subsystems will be tested. The 
SCALE system will be run both manually before assembly to verify smooth 
operation, and after assembly to verify working motor control and RPM data 
feedback. Data acquisition from all the sensors, in the FFU and probes, and 
memory read/write operation will be verified. 

The cutter for the parachute hatch will be tested before the parachute is 
folded and packed.  After mounting to the RMU and connection to the REXUS 
service module, power supply and communication between the FFU, NSSB, 
and RXSM will be verified through testing. 

 

Flight simulation 

Once triggered, the main FPGA runs through a series of timed events during 
the flight. To allow for flight simulation, the main FPGA can be set to a testing 
mode where the SCALE system and landing system are non-functioning 
during the flight sequence. 

 

6.3 Timeline for countdown and flight 
 

The events during the flight are timer-controlled. While the rocket is waiting on 
the launch pad, the SODS signal is used to switch the internal batteries off to 
avoid power drain. The main FPGA is triggered to enter mission mode by a 
command sent manually to the RXSM before lift-off. SMILE is also powered 
up at this point.  

Once in mission mode, flight sequence will start when the lift-off command is 
received from the RXSM. At this point, camera recording is started, and data 
from the internal sensors start being saved to internal memory. The internal 
batteries are switched on through the SOE signal, though the experiment 
remains on RXSM power until ejection. Status messages are also downlinked 
until ejection. 

Shortly after liftoff, the SOE signal shall be sent to switch on the internal 
batteries. The higher-voltage parts of the Uniprobe board are powered up at 
60s after launch, and five seconds later the wire cutter for the wire holding the 
FFU in place is triggered by a timed event. The FFU switches to internal 
batteries when contact with the umbilical pins is lost during ejection. At the 
same time, the landing and recovery systems that were disabled in the rocket 
are powered on.  
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The flight events are summarized in table 39. Figure 66 provides a detailed 
timeline of mission events for SMILE and Uniprobe. 

 

Event Time (s) Altitude (km) 

Ignition 0,0 0,305 

Lift-off and activation of the camera 0,44 0,316 

Burnout 26,0 22,4 

Nose cone ejection 60,0 57,3 

Experiment separation 65,00  

Wire boom deployment starts 66,00  

Yo-Yo release 66,00  

Motor separation 69,00  

Wire boom fully deployed 86,00  

Apogee 150,00 95,8 

Retraction starts 200,00  

Wire booms fully retracted 220  

Upper disk ejection and parachute 
release. Begin transmission of GPS 
position every 5-10 seconds 

tc 4,0 

Ground impact  0,0 

Activation of radio beacon Tc+600 0,0 

Table 38: Event timeline 

 

6.4 Post Flight Activities 
Recovery 

The FFU is to be recovered by the Eurolaunch Recovery crew. This will likely 
occur during REXUS experiment module recovery. 

Immediately following return of the FFU the collected flight data will be read 
from the onboard memory. Initial analysis will start immediately. As soon as 
access is available to the returned experiment modules, the memory of the 
rocket-mounted camera will be read and the footage analysed. 

As the FFU does not contain any unsafe materials or high pressure, no 
special actions will be needed when storing it post-flight. 
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7 DATA ANALYSIS PLAN AND EXPERIMENT REPORTS 
 

Validation tests done on the SCALE system during the preparation for 
flight will provide the foundation for further work with the design  
to be used in multipayload missions in the future. 

  
Data from the angular rate sensors and SMILE magnetometer located inside  
the e-box will be used to reconstruct the attitude of the FFU during the  
flight. This, together with the data gathered from the strain gauges, 
accelerometers and angular rate sensors located inside the spherical  
probes will be used to reconstruct the dynamics of the deployment, and  
check whether the optimized deployment strategy has worked as expected. 

  
Electric field potentials will be measured from the spherical probes. 
Two of the probes will be fed a variable bias current, to measure the  
current-voltage characteristics of the probes. Using theory for  
Langmuir probes, an attempt to determine parameters of the plasma  
near apogee of the payload (such as electron concentration and temperature,  
and possibly other parameters) will be made. Determined parameters will 
be compared with ionospheric models and, if possible, with other  
data (such as ionosondes, incoherent scatter radar, riometers etc). 
From differences in probe potentials electric field in the FFU  
reference frame will be determined, and the viability of the result  
assessed. 

  
Uniprobe will determine the components of the magnetic field within  
its bandwidths. The observations will be used to evaluate the data  
quality, noise level and interference from the rest of the system in  
flight conditions. It is interesting to see, for example, whether  
the mains 50 Hz harmonics can be observed in flight, or any of the 
natural emissions in the frequency range (such as whistler, etc).  
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8 ABBREVIATIONS AND REFERENCES 

8.1 Abbreviations 
AIT  Assembly, Integration and Test 
ASAP  as soon as possible 
BO  Bonn, DLR, German Space Agency 
BR  Bremen, DLR Institute of Space Systems 
CDR  Critical Design Review  
COG  Centre of gravity 
DLR  Deutsches Zentrum für Luft- und Raumfahrt 
e-box  Electronics box 
EAT  Experiment Acceptance Test  
EAR  Experiment Acceptance Review 
ECSS  European Cooperation for Space Standardization 
ECTS  European Credit Transfer System 
EIT  Electrical Interface Test  
EPM  Esrange Project Manager 
ESA   European Space Agency  
Esrange European Sounding Rocket Launching Range 
ESTEC European Space Research and Technology Centre, ESA (NL) 
ESW  Experiment Selection Workshop 
FAR  Flight Acceptance Review 
FER  Final Experiment Report 

FFU  Free Flying Unit 

FST  Flight Simulation Test 

FRP  Flight Requirement Plan  
FRR  Flight Readiness Review 
GSE  Ground Support Equipment 
HK  House Keeping 
H/W  Hardware 
ICD  Interface Control Document 
I/F  Interface 
IPR  Interim Progress Review 
KTH  Kungliga Tekniska Högskolan 
LAPLander Light Airbag Protected Lander 
LO  Lift Off 
LT  Local Time 



  Page 156 

 

 

 

RX910-SQUID_SED-v3-16August10 

LOS  Line of sight  
Mbps  Mega Bits per second 
MFH  Mission Flight Handbook 
MORABA Mobile Raketen Basis (DLR, EuroLaunch) 
NSSB  Not So Smart Box 
OP  Oberpfaffenhofen, DLR Center 
PCB  Printed Circuit Board (electronic card) 
PDR  Preliminary Design Review  
PST  Payload System Test 
RID  Rocket Interface Disk 
RMU  Rocket Mounted Unit 
SCALE Sverker Christenson Advanced Light wEight 
SED  Student Experiment Documentation  
SER  Short Experiment Report  

SMILE Small Magnetometer in Low-mass Experiment 

SNSB  Swedish National Space Board  
SODS  Start Of Data Storage 
SOE  Start Of Experiment 
SPP  Space and Plasma Physics 
SQUID Spinning Quad Ionospheric Deployer 
SSC  Swedish Space Corporation (EuroLaunch) 
STW  Student Training Week  
S/W  Software 
T  Time before and after launch noted with + or - 
TBC  To be confirmed 
TBD  To be determined 
TBW  To be written 
WBS  Work Breakdown Structure   
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APPENDIX A – EXPERIMENT REVIEWS 



 
 
 
 
 
 
 Flight: REXUS  
 
 Payload Manager: EuroLaunch 
 
 Experiment: SQUID 
 
 Location: Esrange, Kiruna, Sweden  Date: 2 Feb 2010  
 
 
1. Review Board  
 
Olle Persson (chair) SSC / EuroLaunch 
Koen Debeule  ESA 
Andreas Stamminger DLR RY 
Peter Turner  DLR MORABA / EuroLaunch 
Markus Pinzer  DLR MORABA / EuroLaunch 
Mikael Inga  SSC 
Martin Siegl  ESA 
Mark Uitendaal  SSC 
 
 

2. Participating Payload Team members 
Mario Valle Rodriguez-Navas, David Bergman, Gustav Casselbrant, Jacob Michelsen, Mónica Alaniz 
Flores, Jiangwei Huang 
 
 
3. General Comments 
 
 SED:  

o The general structure is fine; risk register and verification are very good; construction 
details are missing.  

o The SED shall be comprehensible without any prior knowledge of LAPLander. 
o Please use the official wording when describing the involvement of various agencies 

in REXUS/BEXUS.  
 Presentation: The presentation covered all aspects of SQUID and was finished in time. 
 

 
4. Panel Comments and Recommendations  
 Organization and project planning 

o Improve Gantt chart in SED. 
o Use of Basecamp is a very good idea. 
o  Aim at reusing electronic schematics and software from LAPLander as much 

as possible. 
o  If code and circuitry from LAPLander cannot be reused, add more electrical 

and software engineers to tackle the workload. 
 
 Electronics and data management 

o Consider putting the recovery beacon on a separate power supply.  
o Provide schematics of your electronics. 
o The Gobalstar transmitter shall not be able to engage while SQUID is in proximity of 

the rocket. 
o SQUID should send status message via telemetry to indicate experiment health. 

 
 Mechanics  

o The mechanical design has to be self-standing and shall be comprehensible without 

REXUS / BEXUS 
Experiment Preliminary Design Review 

 
 



prior knowledge of LAPLander. 
o  Calculate the angular velocity (spin rate) required to completely deploy the 

probes. Derive a clear requirement from this result.  
o Note that if the ejection mechanism designed for LAPLander is used, SQUID will be 

tumbling after ejection. 
o  Contact Olle Persson and Martin Siegl to discuss how to accommodate 

SQUID. The following requirements and constraints have been identified (please 
check and confirm) and a trade-off will have to be made as soon as possible: 

1. SQUID shall be spinning  ejection before despin and motor separation 
2. SQUID shall ideally not be tumbling  no ejection to the side 
3. SQUID shall be ejected such that it cannot be hit after motor separation 

 requires either ejection to the side or very powerful ejection straight 
ahead 

4. SQUID shall be accommodated under the nosecone  given its current 
size, SQUID has to be located off centre; alternatively, a lower position 
or a cut-out has to be considered  

o Consider, for this development stage, to make SQUID a ‘crashlander’, a very light unit 
with well protected memory. 

o Carefully reconsider your motor choice (stepper motor /DC motor). 
 
 
 Thermal 

o No comments. 
 
 Software 

o  If code and circuitry from LAPLander cannot be reused, add more electrical 
and software engineers to tackle the workload. 

o Include more details on software in SED. 
o Consider using a brushless DC motor instead of the stepper motor for the probes. It is 

acceptable to use a COTS system for this. 
 
 Testing 

o Please improve your test plan. 
o Include subsystem tests in your test plan. 
o The camera shall be qualified with respect to vibrations. 
o Find a method for verifying the probe ejection mechanism. 
o Investigate whether the Faulhaber motors are LLI (Long Lead Items) and start the 

procurement process as soon as the component is confirmed. 
 
 Safety and risk analysis 

o The accidental deployment of airbags shall not pose any risk to the rocket. 
o A vibration test of SQUID and the ejection mechanism shall be carried out (similar to 

LAPLander). 
o  Be conservative in project planning in order to accommodate for changes 

after the LAPLander flight. 
 
 Launch and operations 

o  Define very carefully the operational timeline of the flight. 
o Define your downlink protocol. 

 
 Outreach 

o Outreach efforts are very good; please use the official wording when describing the 
involvement of various agencies in REXUS/BEXUS. 

 
 Others 

o On p.18 of your SED, ‘the RMU should record’, replace ‘should’ with ‘shall’.  
 
 
 
5. Final remarks 
 
 Summary of main actions for the experiment team  



o Accommodation and ejection of SQUID has to be determined. 
o If code and circuitry from LAPLander cannot be reused, add more electrical and 

software engineers to tackle the workload. 
 
 Result  

o Since different accommodation, ejection and airbag options are still being discussed, 
the preliminary design is not considered complete.  

 
 Next SED version 

o New SED 4 weeks after receipt of this document. 
 

 



 
 
 
 
 
     
 Flight:  REXUS-10 
 
 Payload Manager:  O. Persson 
 
    Experiment:  SQUID 
 
 Location:   DLR Oberpfaffenhofen   Date: 09-06-10  
 
 
1. Review Board  
 
 Olle Persson  SSC Esrange  Helen Page  ESA 
 Mikael Inga (chair) SSC Solna  Martin Siegl (minutes) ESA 
 Hans Henricsson SSC Esrange  Koen de Beule  ESA 
 Mark Uitendaal   SSC Esrange  Fabio de Pascale ESA 
 Andreas Stamminger DLR RY   Markus Pinzer  DLR Moraba  
 Mark Fittock  DLR RY  Marcus Hörschgen DLR Moraba  
 
 

2. Participating Payload Team members 
 

Gustav Casselbrant 
Mario Valle Rodriguez-Navas 
David Bergman 
Georg Schlick 
Mónica Alaniz Flores 
Jiangwei Huang 
  
 
3. General Comments 
 
 SED 

o The SED is very comprehensive and can now mostly be read without any prior 
knowledge of LAPLander.  

o It is however clear that the time to update the document has been limited; several 
areas require improvement. 

o Please fill in the cover page correctly (version number!), update the change record, 
and the references. 

 
 Presentation 

o The presentation was fairly good, it clarified a lot of open questions not covered in the 
SED. Make sure to keep the time.  

o It is very good to show some components / prototypes to the expert panel. Please 
hand them around as you discuss them, not at the beginning of the presentation 
without further commentary. 

 
 
4. Panel Comments and Recommendations  
 
 Requirements 

o  Please do not renumber or rearrange requirements. Add new requirements at 
the end of the list and give a reason in case a requirement is removed or 
changed. 

o The requirements are fine in general with some weaknesses in the classification; note 
that any standard equipment SQUID uses is part of the design requirements. 

REXUS / BEXUS 
Experiment Critical Design Review 

 
 



o  Include requirements on ejection speed, rotation and direction (refer to the 
PDR panel remarks).  

o Requirement D1.5: Define ‘minimal damage’. 
o  Include, as a design requirement, not to interfere with REXUS HF 

transmissions and electronics. 
o Requirement P1.9: It is suggested not to reacquire the GPS signal on ground but to 

use the lock acquired in flight.  
 

 Mechanics 
o Thoroughly test the wave spring used for ejection. 
o  The deployment speed has to be determined and fine-tuned to avoid hitting 

the nosecone. Establishing a relationship between spring characteristics and 
expected deployment speed would be useful. 

o  Perform a FE analysis to prove that all mechanical parts have the required 
strength. 

o Please provide a better overview of the mechanical interface between SQUID and the 
magic hat (cylinder underneath SQUID). 

o All bolts should be secured with nylon nuts and/or Loctite/Scotchweld. 
o It is a good idea to use the same umbilical pins as LAPLander (have undergone 

vibration test). Make sure the pins are not too stiff. 
o The length of the pins appears to be fine; Optimize their length in tests, if necessary. 
o It is recommended to use Helicoils in aluminium as much as possible. 
o Carry out a (thermal) test of the cutter. A cutting duration of 20s is very long, consider 

a higher current for a shorter time instead. 
 
 Electronics & Power 

o  SQUID shall follow the REXUS User Manual specification for the service 
system interface. 

o Please provide clear schematics indicating that SQUID complies with the 
recommendation. 

o  SQUID shall have provisions to be switched off completely when installed on 
the rocket. This is required when the launch team works on the rocket after the rocket 
motor has been installed. 

o Ensure that SQUID transmits as much information as possible before landing. 
o The component list is very well maintained. 
o The following items are recommendations for future projects, you can leave the 

design for SQUID as it is: Consider a buffer between a MOSFET (high power) and low 
power logic. Perform a sensitivity analysis to ensure that low current/voltages are 
measured accurately. 

o The LED display is a very good idea. 
o Mounting space permitting, you may consider a second camera, connected to the 

REXUS TV channel. Olle Persson can provide information about suitable cameras. 
o It is noted that the FFU batteries in SQUID are not rechargeable. This is considered to 

be a high risk for the project. 
o  Show a total power demand calculation of the FFU in Ah. Assuming an 

average load of 1.3-1.5A the remaining capacity is only 2.7 Ah. 
o Due to the number of testing cycles that are required, it is strongly encouraged to 

consider rechargeable batteries.  
 

 
 Thermal 

o When relying on the thermal analysis done by LAPLander, make sure to reference it 
properly and point out its main results / why it is applicable to SQUID. 

o Perform a worst-case hot and worst-case cold analysis yourself. 
o  Perform a thermal analysis on the batteries. Since SQUID relies on optimal 

performance of the non rechargeable batteries, heating might be necessary. 
 
 Software 

o The software design is well defined, make sure to proceed with the implementation. 
o Telemetry is well defined, telecommand however is not. It is noted that SQUID will 

only be controlled by the rocket signals. 
o  Immediately define the use of LO, SOE and SODS. 



o Information on ground station software missing. Make sure to foresee a graphical user 
interface. 

o It is good that software from LAPLander can be reused for some sensor interfaces. Do 
not forget to include this software in the tests. 

 
 Ground Support Equipment 

o Provide a list of SQUID ground support equipment. 
o Bring backup ground support equipment (two computers, in case one fails). 
o Note that a prolonged helicopter search cannot be offered by Esrange. Only the 

immediate search during REXUS payload recovery can be offered. 
o Plan the communication with the helicopter crew: Please provide the FFU coordinates 

in different coordinate systems combined with a TODO-list on a clearly structured 
sheet of paper. Add a printer to your ground support equipment and consider 
laminating any paper you pass to the recovery crew. 

o The helicopter leaves Esrange latest 30 min. after rocket impact. 
o For launch site requirements, indicate who the requirement is on (whether a certain 

item will be provided/maintained by SQUID or whether Esrange is asked to do so). 
 
 Verification & Testing 

o Performance requirement 2.2 shall be verified by test, not only analysis. 
o Operational requirement 13 shall be verified by test on component level and system 

level. 
o At CDR, the test plan should have less TBDs. 
o Carefully test the wave spring. 
o Include an analysis of the conducted parachute tests. 
o Consider the possibility of a dark environment when the FFU is ejected. Verify that the 

camera will still be able to provide a picture. 
 
 Launch & Operations 

o  Immediately define the use of LO, SOE and SODS. 
o Detail the integration procedure for FFU and RMU onto the magic hat (cylinder). 
o Compile a pre-launch checklist. 

 
 Safety & Risk Analysis 

o Update the risk register. 
 
 Project Planning & Outreach 

o Thank you for the very good outreach you are performing. 
o Please upload your outreach material and media appearances to the Media Folder on 

the Sharepoint server. 
o Please improve the readability of the Gantt chart. 
o The use of Basecamp is a good idea and encouraged. Make better use of this 

management tool. 
o Please move the team member description to Chapter 3. 
o It is noted that the RMU production is currently on hold due to financial contraints.  

 
 Other 

o Please contact Mikael Inga to discuss the ejection speed of the FFU.  
 
 
5. Final remarks 
 
 CDR Result  

o CDR passed under the following condition: an updated SED is submitted within 
4 weeks after receipt of the CDR panel comments. 

o Note that the experiment has to be delivered latest 1 December 2010. The delivery 
will either be to DLR Bremen in Germany or Esrange in Sweden. 

 
 Next SED version 

o Update of version 2 (CDR) within 4 weeks after receipt of the CDR panel comments. 
 
 Date for IPR and EAR 



o The IPR will take place in Stockholm at the end of August. 
o The EAR will take place in Stockholm in the beginning of November. 
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Outreach Activity Report

Jacob Michelsen

August 8, 2010

Abstract

This report describes and summarized the activities carried out by the SQUID team as part of
the SQUID project’s outreach campaign. The events, including feedback and estimated results are
described, and conclusions are drawn where possible.

1 Introduction

An integral part of any REXUS/BEXUS experiment is outreach activities, which serve to promote not
only the experiment itself but more importantly the backing organizations behind REXUS/BEXUS, as
well as raise awareness of space science in general.

The SQUID Team has placed focus on performing most of it’s outreach activities early on in the
development cycle of the experiment, in order to be able to focus on the experiment itself during the
critical design and testing phases later on. Another reason for this is to aid in the participation in the
school-wide outreach campaign KTH p̊a Insidan during the spring semester of 2010, in which the project
competed in an outreach contest. Some of the outreach activities, such as school visits, will also continue
during the autumn semester of 2010

In the following section each outreach activity is described, and some results are given.

2 KTH Outreach Events

2.1 KTH p̊a Insidan (KTH on the Inside)

Date & Time

January - May

Description

In December 2009, SQUID was invited, as a complex multi-discipline project at KTH, to participate in
the KTH p̊a Insidan (KTH on the Inside) outreach campaign. In this, eight teams from different KTH
projects blog about their projects during February, with the three most successful blogs, in visitor count,
receiving a grant of 50 000 SEK and continue to the next stage of the blogging competition. For every
month leading up to May, the most successful blog of that month receives an additional 25 000 SEK.

At the end of the campaign in late May a photo exhibition for the projects was held in the school
library.

The event was planned and carried out by KTH in conjunction with the PR company Familjen[1].

Results & Discussion

SQUID participated in the blogging competition with its own project blog[2] and came in at third place
in February, though did not manage to come in at first place in any of the months leading up to May. The
blogs were relocated to a new address for the second part of the contest, which affected the effectiveness
of the outreach negatively. However, the new address was emphasized in all the following outreach events.
A lot of time was dedicated to writing posts for the blog and attracting visitors through Facebook and
through promotional activities during other outreach events, including sticker handouts and displaying
other material with the blog address.
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Participation in the KTH p̊a Insidan-campaign has greatly increased the exposure of the SQUID
website and blog and has helped spread awareness of the project. By competing against the other
projects, the team was motivated to engage more in outreach activity throughout the KTH p̊a Insidan
campaign, which was very positive for project outreach in general.

The prize money of 50 000 SEK for the first stage has been a great extra resource for the project.

2.2 KTH Öppet Hus

Date & Time

21-22nd of March

Participants (from SQUID)

• Sunday 21st - Gustav Casselbrant

• Monday 22st - Jacob Michelsen

Description

The event was a meet and greet directed towards students who are about to apply for higher education
at a university or college. We met with the visitors, mostly upper compulsory school students, to inform
them about KTH, the School of Electrical Engineering in general and SQUID in particular. We also to
showed off some prototypes and plasma experiments, and showed video and pictures from SQUID and
LAPLander.

Results & Discussion

Gustav attended on Sunday, accompanied by Malin Gustavsson from the LAPLander team and Hanna
Dahlgren from SPP, and Jacob on Monday, together with Joakim Sandtröm from the LAPLander team
and Nickolay Ivchenko from SPP. The expo was well visited, with a couple of hundred visitors in total,
and our table was popular. The plasma experiments attracted a lot of attention, in particular Jacobs
Ladder. On the other hand the posters and photos from SQUID and LAPLander didn’t attract as much
attention right away, but were useful when informing further about the activities at the department.

Showing off exciting projects like SQUID and LAPLander may be one of the best ways to make
people interested in studying space science at KTH. Hopefully our participation may have helped some
young students make the decision to study engineering.

Figure 1 shows photos from the event.

Figure 1: Photos from the school of electrical engineering table at KTH Öppet Hus
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2.3 Visit at SPP

3 School Outreach

During the spring semester of 2010 outreach programs with 3 schools were carried out. Focus was for
practical purposes on schools in the vicinity of Stockholm, as much material was brought along in the
form of experiments and prototypes. Aim was on upper grade school as well as high school classes,
preferably ones that had not yet submitted their applications for higher education. The visits took place
during April, to the following schools

• 15/4 & 22/4 Naturvetargymnasiet, Södertälje (2 visits)

• 16/4 Kunskapsgymnasiet Saltsjöbaden, Stockholm

• 26/4 Bergtorpsskolan Täby, Stockholm

The school presentations consisted of a roughly 50 minute presentation on the SQUID experiment, the
REXUS programme in general, and information about KTH and student life there. We encouraged the
students to ask us questions during the presentation, and we got a lot of interesting questions in return.
After the presentation the students got a chance to have a closer look at some prototype models and
other hardware, as well as try out some simple experiments. A list of used material follows.

3.1 Experiments for schools

• An in-house developed computer simulation of the wire boom deployment, where the students try
out different combinations of feed-out speed and duration, with a max deployment time limit, to
see which gives the best results. Mario Valle did most of the programming for this experiment.

• An electron cannon, supplied by SPP, which fires a visible stream of electrons on a phosphor
screen. The stream can be manipulated with magnets. This demonstrates by analogy how charged
particles from the sun follow the magnetic field of the earth and create visible light, the aurora,
when encountering the atmosphere.

• Jacobs ladder, a plasma experiment supplied by SPP which shows the effect of ionized gas on an
electric arc.

• A plasma ball, a further example of plasma, which can be safely manipulated throught the glass
by touch.

3.2 Prototypes and other equipment for schools

• An expo-style rollup, placed by the entrance to the classroom, featuring the SQUID, KTH, and
REXUS/BEXUS logos as well as the address to the blog.

• A poster introducing the experiment and featuring the mission timeline.

• A selection of parachutes, later used for recovery system testing.

• One of the octagonal parachute testing mockups of the FFU.

• The wooden FFU mockup built by the LAPLander team, to demonstrate SCALE placement and
the evolution of the design.

• The SCALE prototype made of transparent plastic, showing the inner workings of the system.

3.3 Naturvetagymnasiet, Södertälje

Date & Time

15th and 22nd of April, from 13:00.
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Participants

• First visit - Gustav Casselbrant, David Bergman, Jacob Michelsen, Jiangwei Huang

• Second visit - Gustav Casselbrant, David Bergman, and Jacob Michelsen

Description

50 min presentation for gymnasium students (upper high school) with questions along the way, followed
by hands-on experiments. During the first visit the presentation was held in English for the English-
speaking International Baccalaureate class, while the two presentations at the second visit were held in
Swedish.

Results & Discussion

The students during the first visit, about 12-15 in total, showed great interest and asked us many
questions. Some students left right after the presentation but many stayed to check the material we
brought along and try out the experiments. The experiment that attracted the most attention was again
Jacobs Ladder, while our computer simulation of the deployment was mostly overlooked by the students.
On the second visit, on the 22nd, we had two presentations planned in for groups of about 15 students
each. These were in Swedish, and though the students here were a bit more noisy and restless, the
response was still very good overall. Fewer students stayed after the presentation this time, but we were
still occupied for a couple of minutes answering questions and demonstrating material and experiments.

3.4 Kunskapsgymnasiet Saltsjöbaden, Stockholm

Date & Time

16th of April at 13:15

Participants

Gustav Casselbrant, Jacob Michelsen, David Bergman

Description

50 min presentation in Swedish with questions along the way, followed by hands-on experiments, for
gymnasium students (upper high school). One class with both 1st and 2nd year students,13 in total, so
only one presentation.

Results & Discussion

Being an astronomy-oriented school, the students and supervisors showed great interest from the get-go.
They asked us a lot of relevant questions (including some tricky ones regarding space-weather), and
they stayed for a good while trying out the experiments we had brought along. This time the computer
simulation, where the objective is to optimize the deployment so the residual oscillations are as small as
possible, turned into a competition between the students and many tried it as they tried to best each
other. This was likely the most popular of our school visits.

Figure 2 shows a photo from the event.

3.5 Bergtorpsskolan, Täby, Stockholm

Date & Time

26th of April 10-11, 11:30-14

Participants

Jacob Michelsen, Gustav Casselbrant, David Bergman
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Figure 2: Students trying out the different experiments and asking questions after the presentation at
Kunskapsgymnasiet

Description

50 min presentation, followed by hands-on experiments, for högstadie-students (upper compulsory
school). We presented for class-sized groups of students who had signed up for our presentation be-
forehand.

Results & Discussion

Around 15 students arrived for each of the two sessions. The presentation was much the same as
the previous ones for gymnasie-students, but some of the more advanced and in-depth slides had been
changed. Here too we got a really good response, with the students listening intently and also asking us
questions. We didn’t have time to stay and answer many questions after the second presentation though,
as a test was scheduled in the room we were presenting in.

Figure 3 shows a photo from the event.

4 Other outreach events

4.1 Barnens Ö

Date & Time

27th of March.The participants headed out in the morning and presented in the afternoon.

Participants

• David Bergman

• Jacob Michelsen

• Nickolay Ivchenko

• Erik Sund and Johan Juhlén from the LAPLander Team
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Figure 3: Photo taken during the presentation at Bergtorpsskolan

Description

David and Jacob from the SQUID team held a presentation together with members of the LAPLander
team at an astronomy camp for elementary school children, arranged by the non-profit organization Egna
Vingar [3]. Presentations were held and some plasma experiments were demonstrated, and afterwards
Eric Sund of LAPLander launched two homebuilt model rockets.[4].

Results & Discussion

The team arrived just after noon and listened to some presentations. Nickolay was the first to present,
focusing on plasma physics research. This presentation was followed by LAPLander and lastly SQUID.
The participants showed great interest and we got many questions both during and after the presentation.
Afterwards we headed outside and fired off two of Erik’s model rockets. Both rockets were successfully
launched and the launch was filmed with our small HD-camera and published on Youtube[4]. Sadly it
was very misty and the rockets couldn’t be recovered.

Overall the event can certainly be considered successful, and with over 50 space and astronomy-
interested participants at the camp it was very effective outreach. The stickers we brought along were
also very popular. The manager of the astronomy camp, Shahid Saleem, showed interest in having more
presentations from SPP in the future.

4.2 Yuri’s Night in Stuttgart

Date & Time

12th of April.

Participants

Jacob Michelsen and Gustav Casselbrant

Description

Following an invite from the EXPLORE team, Jacob and Gustav traveled to Stuttgart on Sunday the
11th of April to participate in an exhibition and hold a small presentation on the SQUID project,
in connection with Yuri’s Night[5]. Apart from EXPLORE, the German REXUS teams REMOS and
FOCUS were also present at the exhibition in the Zeiss observatory. Some of the school outreach material

August 8, 2010 6



SQUID - Outreach Documentation Outreach Activity Report

was brought along and demonstrated to the visitors, however the experiments were for practical purposes
not brought along.

Other activities at the exhibition included lectures, a model rocket building workshop, and a large
display of space models.

Results & Discussion

Gustav and Jacob traveled to Stuttgart on Friday and stayed with Tina and Juergen of EXPLORE. A
bag was lost along the way, but luckily the losses of SQUID material wasn’t as bad as it could have been
and it did not affect the presentation much. Most of Saturday was spent sightseeing and also preparing
the presentation material.

The SQUID group was joined by students from REMOS and FOCUS in the Zeiss Planetarium, where
each group had a table with prototypes and a bunch of posters. The wooden mockup was shown, as
well as some spherical probe circuit boards and a rollup and poster. The stickers that had been brought
along were also very popular.

We had expected that most of the visitors would be other students and teenagers, however it turned
out that most of the visitors were families with children. This made it difficult to communicate in English.
Jacob only knew a little German, and sometimes the other REXUS teams had to help translate. This
was also the case with the SQUID presentation in the main conference hall in the planetarium, where it
was decided at the last minute to have Juergen translate. This worked well, but in hindsight it would
have been preferable to have some material in German at hand, and possibly have the presentation slides
in German .This would however have required considerable extra effort from the team, as there were no
members who spoke German fluently.

After the exhibition the teams headed to a Skybar in central Stuttgart for an after party.
Regardless of the language-related issues, the event itself was very successful and it was estimated

that several hundred visitors attended during the course of the day. Though the flight ticket cost was not
negligible and Gustav and Jacob were occupied for three days, the trip itself and meeting and working
together with the other experiment teams were great experiences, and many valuable connections with
other students in aerospace were made.

Figure 4 shows photos from the event.

Figure 4: T.t.l. visitors at the REXUS/BEXUS team tables at Yuri’s Night. T.t.r. group photo of all
participating REXUS/BEXUS teams

5 Appearances in press

5.1 Annual Report of KTH School of Electrical Engineering

The helicopter drop testing carried out by LAPLander was covered by a journalist and photographer
from Global Reporting[6], for an article which will appear in the Annual report of the School of Electrical
Engineering at KTH. Gunnar, Nickolay and Jacob of SQUID participated, and SQUID was mentioned
in the article as a follow-up to LAPLander.

The article will be published later this year.
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5.2 Metro Teknik

Ola Jacobsen from Swedish technology weekly Metro Teknik interviewed Jacob Michelsen for an article
focusing on individuals engaged in technology-intensive projects. Unfortunately the format of the article
did not appear to allow the whole team to receive proper credit for the project, even though it was
heavily insisted upon by Jacob.

The article was published on the Metro Teknik website[7] on the 24th of February, and in print on the
1st of March. Though the article was published online before the end of the first phase of the KTH p̊a
Insidan-competition, as hoped, it did not seem to affect visitor numbers greatly. However, this outreach
did not require much time or effort from team members, though the article had to be corrected by Jacob
and other members of the team before it could be accepted. Figure 5 shows a screenshot of the article
published online.

Figure 5: Screenshot of the article published on Metroteknik.se

5.3 Svenska Dagbladet

In an event in the end of February, the winning projects in the first phase of the KTH p̊a Insidan-
campaign were presented to a journalist at Sweden’s largest daily newspaper, Svenska Dagbladet. This
resulted in an article on svd.se[8] about the projects and their blogs as well as an article in print.

6 Outreach events for the autumn semester of 2010

6.1 KTH p̊a Insidan continued

KTH p̊a Insidan has grown into the official outreach web portal for KTH[9]. SQUID is in discussion with
KTH and other involved parties to continue blogging and having the SQUID blog featured prominently
on the portal, and it is hoped that a decision can be made after the summer holidays. Until a decision
has been made, a Wordpress blog has been set up at Wordpress.com[10], which has been linked directly
to from the SQUID website. The old blog entries were exported to this blog and it has been actively
updated during the summer.

6.2 School outreach

A goal of at least one school visit per month has been set, starting in September. At each visit two or
more presentations will be held. Both new and previously visited schools will be contacted, and focus
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will be on the third year students who are to choose further education the following spring.

6.3 Flygteknik 2010, Congress of Flygtekniska Föreningen

The Swedish aeronautical interest group Flygtekniska Föreningen is arranging a congress to celebrate
100 years of flight in Sweden[11]. At this congress, seminars and presentations will be held by members
of Swedish aerospace industry and representatives of related higher education. There will also be an
exhibiton.

SQUID submitted an abstract in the in the spring of 2010 and was selected to participate in the
congress, to be held in Stockholm during the 18th to 19th of October 2010. A project presentation will
be held, and the abstract will be included in the congress book which is available to all participating
parties. SQUID will possibly also be present at the exhibition.

6.4 Space Generation Congress 2010, annular congress of Space Generation
Advisory Council

The Space Generation Congress (SGC) is the annual meeting of the Space Generation Advisory Council[12].
Participants are top university students and young professionals with a passion for space who are selected
from among applicants from the Space Generation international network. The aim of the Congress is
to discuss pressing issues facing the space industry and space science. Jacob has been selected and will
participate in Prague between the 23rd and 25th of September.

While the congress does not provide an opportunity to present individual projects, Jacob will of
course be spreading word about the SQUID project and the REXUS programme in general with the
other participants and also bring along some promotional material such as stickers.
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APPENDIX C  DATASHEET LINKS 
The datasheets links for the components are shown in the following table. 

 

Component Model Datasheet link 

Accelerometer ADXL326 
http://www.analog.com/static/imported-

files/data_sheets/ADXL326.pdf 

Altimeter 
MPX6115A  

 

http://www.freescale.com/files/sensors/doc/data_sheet/M

PXA6115A.pdf 

Battery SAFT LSH14 

http://www.saftbatteries.com/doc/Documents/primary/Cu

be655/LSH14_0607.dab6764e-f7e1-432f-8f3a-

a6ee6a21eb70.pdf 

Beacon transmitter TX1-173.250-10 http://www.radiometrix.co.uk/dsheets/tx1rx1.pdf 

Binary Counter CD74HC93 http://focus.ti.com/lit/ds/symlink/cd74hct93.pdf  

FPGA ACTEL ProASIC 3 http://www.actel.com/documents/PA3_DS.pdf 

GPS GlobalSat ET-318 http://www.usglobalsat.com/p-52-et-318-smt-gsc3.aspx  

Gyroscope ADXRS610 
http://www.analog.com/static/imported-

files/data_sheets/ADXRS610.pdf 

Memory 
Hynix 4Gbit NAND 

Flash 

http://www.hynix.com/datasheet/pdf/flash/HY27UF084G2

M%20Series%28Rev.0.3%29.pdf 

Multiplexer ADG706 
http://www.analog.com/static/imported-

files/data_sheets/ADG706_707.pdf 

Satellite transmitter STX2 http://www.aeroastro.com/datasheets/STX2.pdf 

Strain Gauge N11-FA 8-120 
http://web.fredma.se/givare/givartabell.asp?hm=2&lang=1

&um=1 

GPS receiver 

antennas 
WS1357 

http://www.braemacca.com/mirror/wi-

sys/products/datasheets/WS1357%20datasheet.pdf 

GlobalStar 

txantennas 
WS9161 

http://www.braemacca.com/mirror/wi-

sys/products/datasheets/WS9161%20datasheet.pdf 

Camera GoPro HD Hero 
http://download.goprocamera.com/HD_HERO_Catalog_v04

.pdf 

Motor AM1020 http://www.faulhaber.com/uploadpk/EN_AM1020_PCS.pdf 

Linear regulator TPS76933 http://focus.ti.com/lit/ds/symlink/tps76933.pdf 

Regulator LT1761ES5-BYP 
http://www.alldatasheet.com/datasheet-

pdf/pdf/70522/LINER/LT1761ES5-BYP.html 

Regulator LT1964ES5-BYP 
http://www.alldatasheet.com/datasheet-

pdf/pdf/260417/LINER/LT1964ES5-BYP.html 
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Dual JFET LSK389A 
http://www.alldatasheet.com/datasheet-

pdf/pdf/221183/LINEAR/LSK389.html 

Diodes SSTPAD5 
http://www.alldatasheet.com/datasheet-

pdf/pdf/84173/LINEAR/SSTPAD5.html 

Current Regulating 

Diode 
SST510 

http://www.alldatasheet.com/datasheet-

pdf/pdf/84201/LINEAR/SST510.html 

ADC Driver ADA4941-1 
http://www.alldatasheet.com/datasheet-

pdf/pdf/159312/AD/ADA4941-1.html 

ADC AD7324 
http://www.alldatasheet.com/datasheet-

pdf/pdf/166691/AD/AD7324.html 

ADC AD7276 
http://www.analog.com/static/imported-

files/data_sheets/AD7276_7277_7278.pdf 

ADC AD7691 
http://www.alldatasheet.com/datasheet-

pdf/pdf/153886/AD/AD7691.html 

Multiplexer ADG884 
http://www.alldatasheet.com/datasheet-

pdf/pdf/114350/AD/ADG884.html 

VCO CFPT-126 
http://pdf1.alldatasheet.com/datasheet-

pdf/view/153561/ETC/CFPT-126.html 

Op Amp LM7321 
http://www.alldatasheet.com/datasheet-

pdf/pdf/9006/NSC/LM7321.html 

Op Amp LT1124 
http://www.alldatasheet.com/datasheet-

pdf/pdf/70319/LINER/LT1124.html 

Op Amp LM6144 
http://www.alldatasheet.com/datasheet-

pdf/pdf/9006/NSC/LM6144.html 

Microcontroller ATtiny13A 
http://www.atmel.com/dyn/resources/prod_documents/do

c8126.pdf 
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APPENDIX D – WIRE BOOM DEPLOYMENT DYNAMICS 
 

PRELIMINAR DYNAMICAL ANALYSIS OF THE 
DEPLOYMENT 

1- INTRODUCTION 

 

When the deployment is carried out on a spinning spacecraft, the centrifugal 
force acting over the probe will not be aligned with the rotation axis, as the 
trajectory followed by the probe will be a spiral (see Figure 1). On fast 
deployments this effect becomes more important, and due to the flexibility of 
the wire it can be shown that if the deployment is performed at constant 
velocity, once the probe is completely deployed it will remain oscillating. This 
effect will have a big impact on the quality of the measurements carried out by 
the probes and must therefore be minimized. 

 
Figure 1: Misalignment of the centrifugal force on a spinning deployment 

 

2- MODEL OF THE DYNAMICS OF THE DEPLOYMENT AND OPTIMIZED 
DEPLOYMENT STRATEGY 
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The dynamical model of the wire boom deployment has been developed 
based on [Ivchenko et al. 2007]. The simulations presented on this appendix 
have been made considering the following characteristics of the FFU: 

 

• Mass of the FFU (probes considered) 3.5pm = kg 

• Mass of each probe 0.05pm =  

• Mass of the wire has been neglected. 
• Radius of the payload R=0,12m 
• Spin rate when spheres are retracted: max 4f = Hz 

• Deployment length: L=2.5m 
 

If one considers that the deployment is carried out at a constant velocity of 
6cm/s, the probes will have residual oscillations at the end of the deployment 
as shown on Figure 2, where theta is the oscillation angle and rho is a non 

dimensionalized deployment length (
r

R
ρ = ). 
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Figure 2:  Dynamics of the system for constant deployment speed 

 

As one can see, during deployment the probe will have small oscillations 
around an equilibrium angle 0 0.04θ ≈ − rads=-2.3 degrees, and when the 
deployment ends the probe will remain oscillating around the radial direction 
with an amplitude of 0θ± degrees. 

 

The optimized deployment strategy is based on the idea of changing the last 
stage deployment speed. It can be shown that the equilibrium angle will 
depend on the initial spin rate of the spacecraft but also on the deployment 
speed, so one could adjust the second stage speed in such a way that the 

new equilibrium angle is 0
02 2

θθ = . 

 

In this case, the peak of the wave will coincide with the radial position, and 
ideally, one could define the amount of time the probe would be deploying at 
this second stage velocity so that the deployment stops when the probe is 
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exactly in the peak of the wave, i.e. the radial equilibrium position, and the 
system would not have any residual oscillations. 

 

The quality of the optimized deployment is driven by the accuracy one can get 
when defining the amount of time the probe is being deployed with the second 
stage velocity. For an accuracy of 0.01± s one can obtain a reduction of the 
residual oscillations shown in Figure 3. 

 

 

 

 
Figure 3: Comparison of the residual oscillations for a constant speed 

deployment and an optimized deployment 

 

As one can see, the final residual oscillations can be reduced significantly with 
the deployment strategy, even with a relatively low accuracy on the time 
calculation. 

 

3-ANALYSIS OF THE TENSION ON THE WIRE 
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On the deployment of the spheres, the centrifugal force must stretch out the 
cable and induce a big enough force to keep the wire straight when it is 
deployed. It is therefore interesting to study the tension on the cable during 
the deployment and how different variables (initial spin rate, mass of the 
probes etc.) affect the results. 

The nominal spinning rate of the rocket when the FFU is ejected is of 4Hz, 
however this initial spin rate may vary, so one must study the effect of its 
variation on the tension of the wire during the deployment: 

 
Figure 4: Comparison of the tension of the wire during a constant speed 

deployment for different initial spin rates 

 

On the figure above, one can see the simulation performed for a constant 
speed deployment for different initial spin rates, showing a quite big impact on 
the tension values of the wire, especially at the beginning of the deployment. 

Other of the factors that must be studied on the deployment dynamics is the 
effect of the mass of the spherical probes. To do show another simulation has 
been performed, setting the initial spin rate to the nominal one (4Hz) and 
varying the mass of the probes: 
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Figure 5: Comparison of the final tension of the wire during a constant speed 

deployment for different probe masses 

One can see that the impact of the mass of the probes is considerably big at 
the beginning of the deployment but the difference between the curves 
decreases very fast, being the tension very similar for all the cases from about 
0.5m of deployed length. 

 

4-CONCLUSSIONS 

It has been shown that the final oscillations can be significantly reduced using 
the deployment strategy described here. However, it has also been found that 
the tension on the wire is very low for a 2.5m deployment, no matter the initial 
spin rate or mass of the rocket. This problem is being investigated further, for 
more information about the status of the analysis see Analysis of the wire 
boom deployment dynamical constraints document. 

It has also been shown that the initial spin rate has a very big impact on the 
tension of the wire, meaning that a high initial spin rate would allow a much 
longer deployment that a low initial spin rate.  

Also, and due to the uncertainties on the initial spin rate is not possible to 
preprogram the deployment strategy and it has been decided that different 
deploying schedules will be loaded on the memory of the FFU (including 
different deployment lengths). Each of the schedules will be optimum for an 
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initial spin rate and once the FFU has been ejected it will measure the spin 
rate with the onboard gyros and decide which schedule will be used. 
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Analysis of the wire boom deployment dynamical constraints

Mario Valle, Gunnar Tibert

July 11, 2010

Abstract

Ideally one should be able to deploy an infitely long wire boom on a spinning spacecraft before
its rotational speed is completely cancelled out. Practically however, one needs to find which are
the constraints for the deployment length, which can be either mechanical (limited space for cable
storage) or dynamical (small perturbations on the system that may change the ideal dynamics of
the deployment). This paper summarizes the work carried out in order to detect the constraint
parameter for the SQUID experiment, showing that the memory on the cable together with the
minimum tension forces on the cable will drive the maximum deployable length.

1 Introduction

On a preliminary dynamical analysis of the deployment, it was observed that the initial aim of deploying
the spherical probes to 2.5m would involve extremely low spin velocities of the FFU at the end of the
deployment, inducing very low tension force on the cable. It was also found that the cable to be used on
the experiment does have some memory, which together with the low tension forces could be problematic
as a too low centrifugal force would not be able to stretch the cable completely, which could affect the
optimized deployment [1].

In order to investigate the cable tension dependency with respect to different parameters such as
initial spin ratio, mass of the probes and deployed length, the existing bidimensional dynamical model
[2] was developed further, taking into account on the new simulations the mass of the wire, in order to
obtain more accurate results.

The properties of the cable where also investigated through several tests, making special attention
into the damping of the memory after deployment, needed force to stretch the cable to cancel out the
waved shape and possible ways to characterize its physical properties.

2 Method

2.1 Modelling of the deployment

On the previous dynamical model, [1], [2], the mass of the cable was not included but for this application
its mass cannot be neglected due to its relatively high density (5 grams/m). In order to be able to
include it on the simulation without increasing its complexity the mass of the cable was modelled as a
concentrated mass equal to the mass of the cable deployed at each instant, located at the middle of the
deployed cable at each instant. Under such hypothesis and based on the model described in [1], one can
rewrite the expression that drives the angular velocity of the FFU as:

Iω′ = −mpR
2sin2θφ′′ +mpR

2sinθcosθω2 −mpRr
′′sinθ +mpRrsin(α′)2

−mwR
2sin2θφ′′ +mwR

2sinθcosθω2 −mwR
r′′

2
sinθ +mwR

r

2
sin(α′)2 (1)

Where I is the initial moment of inertia, R is the initial radius of the payload, r is the deployed
length, mp is the mass of the probes and mw is the mass of the wire, which can be rewritten as:
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mw = ρwr (2)

Where ρw is the density of the wire (5gr/m). The notation used in (1) for the angles is the same one
as used on [1], [2] as shown in figure 1:

Figure 1: Angle notation [1].

2.2 Experimental analysis of the memory of the cable

The cable to be used on the project is composed by 7 insulated conductors covered by a braided screen
of Cu-Be alloy. It has been observed that the wire does have some memory, which is a drawback as
the bending stiffness or the cable is relatively high, and therefore the tension needed to make the cable
restore a perfectly stretched shape could be considerable.

Several tests where carried out in order to investigate further the effect of the memory and the force
needed to stretch out the wire. On a first test the cable was coiled along a cylinder of approximately
equal diameter of the one used on the SCALE system, and it was forced to go through a bended tube,
similar to the one to be used on the SQUID project, which picks the wire tangentially from the surface
of the cylinder and releases it on an axial direction, simulating the stretching effect the bended tube has
during deployment. The result is shown in figure 2:

Figure 2: Memory of the cable before and after guided through the bended tube

One can clearly see that the cable does still have some memory after passing through the tube. Later
tests hanging different weights from the end of the wire or just pulling it by hand showed that it was
necessary to apply a relatively high load on the cable, those tests however where not conclusive as the

July 11, 2010 2



SQUID - Test report Analysis of the wire boom deployment dynamical constraints

cable had stayed coiled for an unknown time before before the tests and manipulated several times.
Further tests will be developed with new cable in order to get more conclusive results.

The tests did show however that further analysis was needed to set a minimum tension force that
would keep the waveness of the cable within acceptable tolerances. For this purpose, advanced models
will be developed using a FE code (Abaqus).

3 Results

The dynamical model allows to study the influence of different parameters during the deployment such
as the effect of the mass of the spherical probes and initial spin rate over the tension on the wire or the
effect of the probe mass on the spin rate during deployment.

If one analyses the effect of the probe mass on the spinning rate of the FFU, with a payload mass of
3kg and an initial spin rate of 4Hz the following plots are obtained:

Figure 3: Spin rate .Vs. deployed length for different mass of the probes (grams)

One can clearly see that the spin rate for lengths over 1.5m is very low, but it is also interesting to
see that the mass of the probes will not affect on a significant way on the final spin rate for lengths over
1.5m. However, the tests carried out on the wire show that the limitation on the maximum deployed
length will be set by the tension of the cable, so if one studies the influence of the mass of the probes on
the tension on the cable with the same initial conditions as in 3 the following curves are obtained:
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Figure 4: Wire tension .Vs. deployed length for different mass of the probes (grams)

The graph shows that the difference on the mass of the probes only has a significant impact on the
tension of the cable at early stages of the deployment, being almost equal for lengths over 0.5m.

The spinning rate of the REXUS rocket at the moment of ejection is not known with big accuracy
due to the lack of guidance system on the launcher. One should therefore check the influence of the
initial spin rate on the dynamics of the system, showing the following tendency:

Figure 5: Wire tension .Vs. deployed length for different initial spin rates (Hz)

As one can see, the initial spin rate has a relatively significant impact on the tension of the wire which
decreases with the deployed length, being practically equal for deployed lengths over 2m. The FFU will
detect the spin rate at the moment of separation and from the obtained value the deployment strategy
will be selected. This graph shows that the different deployment strategies should not only vary in terms
of the feed out speed profile for the minimization of the residual oscillations, but also on the deployed
length, as a higher initial spin rate will allow a higher deployed length for the same final cable tension.
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The mass of the payload could also have a significant impact on the performance of the FFU, as a
heavier payload will store more kinetic energy for a constant initial spinning rate, which could allow to
perform a longer deployment. A comparison of the evolution of the wire tension during deployment for
different payload masses is shown below, all of them calculated for a initial spin rate of 4Hz.

Figure 6: Wire tension .Vs. Payload mass (kg)

One can see that the payload mass does have an impact on the wire tension, however, the decision
of increasing the weight of the payload shall be analysed carefully, as it would improve the performance
of the experiment, but it would also have a negative impact on the performance of the launcher.

4 Conclusion

From the tests on the cable one can clearly conclude that the constraint on the maximum deployed
length of the wire booms will be driven by the tension on the cable at the final stage of the deployment
and the investigation of the dynamics of the system should be focused on this aspect.

The results of the tests however, where not conclusive enough to limit the minimum tension required
on the cable, but provided enough information to set different scenarios to be analysed with the FE model.

The simulations did also show that both the initial spin rate and the payload mass will have a
significant impact on the deployable length while the mass of the spherical probes only showed influence
at the first stage of the deployment.

5 Futre work

The future work to be carried out on the dynamical modelling will be focused on the development of
the FE model. This will involve testing on the wire as its mechanical properties are not easy to define
due to its heterogeneity and will have to be obtained experimentally. The most important mechanical
property to obtain is the bending stiffness (EI) of the cable, as it will be the driving factor on the load
needed to stretch the cable. A testing methodology for this purpose has already been defined and work
is ongoing at this moment.
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APPENDIX E – FRICTION ANALYSIS 
1-INTRODUCTION 

 

In order to choose a suitable motor for the SCALE system one needs to 
estimate the torque and speed requirements needed to carry out the 
deployment and retraction of the probes. However, there are important 
uncertainties regarding the calculation of the internal frictions of the system as 
the design is still on its preliminary phase and the materials and coatings have 
not been completely defined, which makes impossible to make an accurate 
estimation of the friction. 

 

However, one can make a simplified model of the mechanical model and the 
loads introduced to the system during the retraction phase, which will 
obviously be the most critical as the motor will have to overcome both the 
internal frictions on the SCALE system and the centrifugal force of the 
deployed probes. 

 

In order to compensate the uncertainties and be able to ensure that the 
results provided by the calculation are conservative different safety factors 
have been considered and the efficiency of the gear systems have also been 
underpredicted. 

 

2-DYNAMICAL MODEL 

 

 As stated above, the most critical part for the motor will be the retraction 
phase as the spinning FFU will induce a centrifugal force over the probes that 
the motors have to overcome, together with the internal friction. 

 

On an initial approach, the features of the FFU considered for the dynamical 
calculation have been the following: 

 

• Mass of the FFU (probes considered) 3.5pm = kg 

• Mass of each probe 0.05pm =  

• Radius of the payload R=0,12m 
• Spin rate when spheres are retracted: max 4f = Hz 

• Deployment length: L=2.5m 
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From the angular momentum conservation law one can state that: 

 

t t t h t hI Iω ω+ +=        (1) 

 

Where It is the moment of inertia at an instant t and h is the time step. 
Considering a constant retraction speed dv one obtains that the moment 
expression for It will be: 

 

2 21
( 4 ) 4 ( )

2t FFU p p dI m m R m R L v t= − + + −    (2) 

 

In the same way, tω  and t hω +  will be the angular velocities at an instant t and 
t+h respectively.  

 

Knowing the angular velocity at the beginning of the retraction, which can 
easily be calculated using (1) and the spin rate maxf at the beginning of the 
deployment, one can calculate with arbitrary accuracy the variation of ω  
during the retraction phase. 

 

The tension induced by the centrifugal force over each cable can be 
calculated by: 

 
2( )T p dF m R L v tω= + −         (3) 

 

Obtaining for a retraction velocity of 6cm/s: 

 



  Page 171 

 

 

 

RX910-SQUID_SED-v3-16August10 

 
Figure 1: Tension on the cable during retraction phase 

 

 

In order to ensure conservative results, the load introduced into the system by 
the probes (i.e. the tension calculated above) will be multiplied by a security 
factor nT=2 

 

3-FRICTION CHARACTERIZATION 

 

On the mechanical system of the SCALE one can identify two main torque 
sinks, the gears and the friction induced by the wire while it is deployed.  

 

The losses on the cog wheels can be calculated by setting the efficiency of 
the gears. The gear system will probably consist on a commercially available 
gear box that is attached to the motor shaft and a gear system that will 
distribute the correct speed to the different shafts (feeding system and 
threaded rods). The efficiency of the gear boxes provided by Faulhaber is of 
90% (see motor data sheet, Appendix C), and the efficiency of the gear 
system is expected to be over the 80%, providing a minimum overall 
efficiency of the cog wheel system of 72%. For the initial approach and in 
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order to ensure conservative results it will be supposed that the overall 
efficiency of the gear system is a 10% smaller, i.e. 0.62gearsη =  

 

The friction induced by the cable will basically come from its displacement on 
the channel of the feeding system and the friction induced by the cable when 
is pushed forward while coiled around the inner cylinder. 

 

One must therefore consider the friction between the inner cylinder 
(aluminium) and the cable and between the feeding system (aluminium) and 
the cable. Such friction coefficients have not been found and approximate 
values will be calculated from tests (TBD). On a first approach the following 
values have been considered: 

 

cable Alµ µ −= =0.5 
 

The normal force acting over the wire and the different surfaced will be given 
by the tension on the cable. The normal force along the channel of the feeding 
system will be considered to be equal to the tension and constant all over the 
channel (conservative), obtaining: 

 

Feed T TF n Fµ µ=      (4) 

 

However, when calculating the torque induced by the cable on the shaft of the 
feeding system there is a mechanism that reduces significantly the force 
tangent to the feeding wheel. When the wire is conducted from the gap 
between the cylinders to the tube that releases it parallel to the deployment 
direction, it makes a 270 degrees turn over the feeding system wheel. The 
feeding system therefore acts as a Capstan winch, being the output tangential 
force: 

 

in

out

F
e

F
µφ=       (5) 

 

Where φ  is the angle covered by the cable over the feeding system and µ  is 
the friction coefficient between the cable and the feeding system. For this 
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specific case and considering the security factor specified for the tension of 
the probes, the tangential force on the feeding system wheel will be given by: 

 

( )t T T FeedF n F F e µφ
µ

−= +     (6) 

 

This force will also be the one at which the cable is coiled along the inner 
cylinder and therefore one can calculate the friction of the wire on the cylinder 
by considering it as the normal force: 

 

Cyl tF Fµ µ=       (7) 

 

And the torque on the feeding wheel shaft will be given by: 

 

( )FW FW t CylT R n F Fµ µ= +     (8) 

 

Where FWR the radius of the feeding system is wheel and nµ  is the security 

factor applied to the friction forces, which will be considered to be nµ = 2. 

 

 

4- RESULTS 

 

The required torque at the motor shaft will be driven by the reduction needed 
between the motor output and the feeding system shaft (main shaft). 
Assuming that the maximum deployment speed will be of about 6cm/s and 
that the radius of the inner cylinder is of 20mm, one can obtain that the 
required speed of the main shaft is of  23rpm. 

 

Knowing this number, one can compute the required torque on the shaft for 
different velocities, being the required torque given by: 

 

FW
req

gears

T
T

r η
=

⋅
      (9) 
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Where r is the reduction ratio between the motor shaft and the main shaft, 
obtaining the following curve: 

 

 

 
Figure 2: Required torque at the motor shaft .Vs. motor output rpm 
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APPENDIX F – GANTT SCHEDULE 
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SQUID - Planning SQUID - the master plan

SQUID - the master plan

Gustav Casselbrant

August 14, 2010

Abstract

This document describes a draft plan of the project tasks for the SQUID project during the
summer and autumn of 2010

Introduction

This part of the documents enlists the identified tasks of the different subsystems. The Tasks have been
categorized and are identified by their ID number. The first two letters in the ID give the subprojects,
the last two give the kind of the task. For the administrative tasks the two last letters of the ID number
have been removed. The definitions can be read in table 1 and 1. The task list has also contains
assigned to, run time and status. The status column is, if empty, also used for marking prioritized tasks
with ”!” .

xx#### Category

Ac Actuators

Bo Boom system design and development

El Electronics

St General Structure

La Landing sys.

So Software

Ou Outreach

Do Documentation

Ma Project management

Dy Dynamical modelling

Table 1: First part of identification number
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##xx## Kind

Te Test

De Design

Ma Manufacture

As Assemble

Or Order

Wr Write

Bp Blog post

Na Not applicable

Ed Student experiment documentation
(SED)

Table 2: Second part of identification number

Initials name

GC Gustav Casselbrant

DB David Bergman

JM Jacob Michelsen

LE Linus Ericsson

VP Vira Pronenko

MP Malin Paulsen

ML Mikko Lakkanen

MV Mario Valle

GS Georg Schlick

MA Monica Alaniz

JH Jiangwei Huang

MH Mark Honeth

Table 3: Names
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General milestones milestones

Abbr. Milestone Location Date

LaMs01 Drop test ESRANGE 100823

ScMs01 Scale BETA ready for testing SPP 100827

ScMs02 Scale system evaluated SPP 100912

ElMs01 Electronics functionality demo SPP 100917

SoMs01 Software functionality demo SPP 100917

BoMs01 Scale functionality demo SPP 101008

EAR Experiment acceptance review SPP 101101

IPR In Progress Review ESRANGE 100823

Na Experiment delivery ESRANGE 101201

Na Science PL Integration and Vib. Test DLR RY Bremen 101206

Na System Test DLR MORABA Oberpfaffenhofen 100117

Na Spin Test Inventia Stockholm 110131

Na Launch campaign ESRANGE 110214

Na Final reports submission SPP 110601
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1 Actuators

ID Task assigned to starts due to status

AcDe01 Investigate and optimize cutter activation
time

DB & GC 100616 100714

AcMa01 Acquire cutter wire for testing DB 100705 100712

AcMa02 Acquire glue for testing DB 100705 100712

AcMa03 Manufacture 4 cutter cases (SQ F E C) DB & GC 100802 100816

AcMa04 Manufacture 4 cutter pipes DB 100802 100816

AcMa05 Acquire cutter wire GC 100802 100816

AcOr01 Order flight motors DB 100913 100914

AcTe01 Verify that motors and driving circuits han-
dles full speed

MV

AcTe02 Test the motor to get the axis torque MV 100622 100623

AcTe03 Test to cut a wet rope DB & GC 100617 100622 Done

AcTe04 Cutter climate chamber test DB & GC 100713 100714 Done

AcTe05 Extended cutter power / activation time plot DB & GC 100901

AcTe06 Peak current test DB & GC 100901

T.F.1.1.10 Test to run the motor at the specified speeds
during +20C and -30C

T.F.1.7.3 Plot the behaviour of the ovenCutter depend-
ing on thermal conditions in climate chamber

August 14, 2010 4
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2 Boom system design and development

ID Task assigned to starts due to status

BoDe01 Identify missing parts, and arrange for their
procurement (screws, washers, etc). part 1

MP 100621 100707 Done

BoDe02 Design the rollers on the main cogwheel, man-
ufacture/acquire parts needed

MP 100621 100707

BoDe03 Identify missing parts, and arrange for their
procurement (screws, washers, etc). part 2

JH 100802 100811 Done

BoMa01 Manufacture BETA outer cylinder MP 100628 100708 Done

BoMa02 Manufacture BETA pusher ring JH 100816 100818

BoMa03 Manufacture outer cylinder series MP & GS 100901

BoMa04 Manufacture pusher ring series MP & GS 100901

BoOr05 Manufacture main shaft Na 100813

BoOr06 Manufacture back cover JH Na 100813

BoMa07 Manufacture threaded shaft gear key MP & JH 100815 100817

BoMa08 Manufacture threaded shaft gear washer MP & JH 100814 100816

BoMa09 Manufacture sensor wheel MP & JH 100818 100820

BoMa10 Manufacture door MP & JH 100815 100817

BoMa11 Manufacture locker MP & JH 100818 100820

BoMa12 Manufacture roller MP & JH 100823 100825

BoMa13 Manufacture tube MP & JH 100823 100825

BoMa14 Modify main gear MP & JH 100823 100825

BoMa15 Modify driving gear MP & JH 100818 100820

BoMa16 Modify shaft gear MP & JH 100815 100817

BoAs01 Assemble one SCALE unit MP & JH 100825 100827

BoAs02 Update the assembly procedure MP & JH 100825 100827

BoAs03 Assemble multiple SCALE units

BoTe01 Test run one unit of the SCALE system
T.F.1.1.1-6 & T.F.1.3

MP & JH 100830 100913

BoTe02 Test run multiple units of the SCALE system
T.P.1.1

MP & JH

BoTe03 Test-fit plastic bearings in the corresponding
holes

MP & JH 100810 100811

BoTe05 Test the efficiency of the gear train for differ-
ent speeds

MP & JH 100818 100821

BoTe06 Test friction in the threaded shaft/pusher ring
system

MP & JH 100823 100825

T.F.1.1.1 Test to manually rotate the main shaft of the
SCALE system without motor and cable in
order to detect possible design problems

MP & JH

T.F.1.1.2 Test to manually rotate the main shaft of the
SCALE system with cable in order to detect
possible problems with guiding the cable

MP & JH

continued on the next page
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ID Task assigned to starts due to status

T.F.1.1.3 Measure friction in the SCALE system while
manually rotating the shaft with and without
the cable in place

MP & JH

T.F.1.1.4 Verify that SCALE system runs smoothly
with motor in place without the cable

MP & JH

T.F.1.1.5 Verify that SCALE system runs smoothly
with motor and cable in place

MP & JH

T.F.1.1.6 Test SCALE system with cable and motor at
-30C in order to detect possible interference
problems due to thermal expansion. Repeat
deployment several times to test reliability

MP & JH 100812 100816

T.F.1.3 Load the wire boom with different masses and
calculate experimental MOS on the torque
during retraction

MP & JH 100816 100818

T.P.1.1 Test full SCALE system setup with simulta-
neous deployment
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3 Documentation

ID Task assigned to starts due to status

DoNa01 Merge notes from CDR MV & MA Na 100614 Done

DoNa02 Go through SED version 2 for errors All Na 100707 Done

DoNa03 Plan Update SED to 2.1 GC Na 100622 Done

DoNa04 Plan Update SED to 3.0 GC Na 100622 Done

DoEd05 SED v3beta1 - write parts All Na 100810 Done

DoEd06 SED v3beta1 - merge parts MV Na 100811 Done

DoEd07 SED v3beta2 - write parts All Na 100813

DoNa08 SED v3beta2 - merge parts MV Na 100814

DoNa09 SED v3beta3 - last comments All Na 100814

DoNa10 SED v3 - final merge MV Na 100815
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4 Dynamical modeling

ID Task assigned to starts due to status

DyTe01 3D model of deployment dynamics GS
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5 Electronics

ID Task assigned to starts due to status

ElDe01 Design beacon rx circuit for drop test ML Done

ElDe02 Design beacon rx antenna for drop test ML LaMs01

ElDe03 Design control and power system for drop test ML Done

ElDe04 Complete layouts MA Na 100624

ElMa01 Solder sensors in the sphere

ElMa02 Solder first DC/DC board GC Done

ElMa03 Solder first the RF board Done

ElMa04 Solder first the MAIN board MA DOne

ElMa05 Solder first the LED board, Done

ElMa06 Solder first the NSSB board

ElMa07 Solder first the GSE board

ElMa08 Manufacture beacon rx circuit ML LaMs01

ElMa09 Manufacture beacon rx receiver antenna ML LaMs01

ElMa10 Manufacture control and power system for
drop test

ML LaMs01

ElMa11 Solder SMILE mating board

ElMa12 Solder SMILE board

ElMa13 Solder EFP/UNIPROBE board

ElMa14 Solder sensors in the sphere

ElMa15 Solder DC/DC boards series GC

ElMa16 Solder the RF boards series

ElMa17 Solder the MAIN boards series MA

ElMa18 Solder the LED boards series

ElMa19 Solder the NSSB boards series

ElMa20 Solder the GSE boards series

ELAs01 Assemble full system eBox Boards

ElTe01 Test the entire positioning system

ElTe02 Test sensors in the sphere 1. accelerometer

ElTe03 Test sensors in the sphere 2. gyros

ElTe04 Test sensors in the sphere 3. strain gauge

ElTe05 Test GPS modules in preparation -

ElTe06 Test STX2

ElTe07 Test Cutter activation circuit

ElTe08 Test communication through umbilical

ElTe09 Test camera operation test ML

ElTe10 Test beacon tx and rx system in preparation
for LaMs01

ML

ElTe11 Test control and power system for LaMs01 ML

ElTe13 Test SMILE sensor MH 100906 100911

ElTe14 Test UNIPROBE sensorr VP

ElTe15 Test Umbilical performence GC

continued on the next page
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ID Task assigned to starts due to status

ElTe16 Test motor circuits MA & GC LaMs01

ElTe17 Test first DC/DC board GC Done

ElTe18 Test first RF board MA LaMs01

ElTe19 Test first Main board MA LaMs01

ElTe20 Test first LED board GC LaMs01

ElTe21 Test series of DC/DC boards

ElTe22 Test series of RF boards

ElTe23 Test series of Main boards

ElTe24 Test series of LED boards

ElTe25 Test series of NSSB boards

ElTe26 Test series of GSE boards

ElTe27 Test camera in vakuum conditions ML & JM

ElTe28 Test camera quality and image angle ML & JM

ElTe29 Test Main, RF and DCDC board for drop test MA LaMs01

ElTe30 Specify necessary functionality tests before for
drop test

MA Na 100807 LaMs01

ElTe31 Test reflective sensor

ElTe32 Test sensors in the eBox 1. accelerometer

ElTe33 Test sensors in the eBox 2. gyros

ElTe34 Test sensors in the eBox 3. temp sensor

ElTe35 Test first NSSB board

T.F.1.1.7 Test that reflective sensor reacts as expected
when rotating the reflective wheel

T.F.1.1.8 Test to follow deployment sequence with re-
flective sensor and reconstruct the deployment
based on the saved data

T.F.1.1.9 Test that current regulation provides specified
current through the motor windings

T.F.1.2 Test that acceleration and deceleration of the
motors works as specified within the software
algoritm

T.F.1.4.1 Check that it is possible to receive the signal
from the sensor in the FPGA and that it is
possible to store output to the memory

T.F.1.4.2 Check that stored sensor data is reasonable

T.F.1.4.3 Simulate realistic scenario, check that it is pos-
sible to reconstruct the scenario based on the
stored data

T.F.1.4.4 Check that it is possible to receive the signal
from the sensor in the FPGA and that it is
possible to store output to the memory

T.F.1.4.5 Check that stored sensor data is reasonable

T.F.1.4.6 Simulate realistic scenario, check that it is pos-
sible to reconstruct the scenario based on the
stored data

continued on the next page
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ID Task assigned to starts due to status

T.F.1.4.7 Check that it is possible to receive the signal
from the sensor in the FPGA and that it is
possible to store output to the memory

T.F.1.4.8 Check that stored sensor data is reasonable

T.F.1.4.9 Simulate realistic scenario, check that it is pos-
sible to reconstruct the scenario based on the
stored data

T.F.1.4.10 Simulate realistic scenario, check that the
saved data from the different sensors conform

T.F.1.5.1 Check that signal can be received

T.F.1.5.2 Test to track beacon with receiver at SPP

T.F.1.5.3 Test to track beacon with receiver in Lillian
forest

T.F.1.5.4 Test to track FFU in realistic conditions using
beacon transmitter / receiver

T.F.1.6.1 Check that it is possible to receive the signal
from the sensor in the FPGA and that it is
possible to store output to the memory

T.F.1.6.2 Check that stored sensor data is reasonable

T.F.1.6.3 Simulate realistic scenario, check that it is pos-
sible to reconstruct the scenario based on the
stored data

T.F.1.6.4 Check that it is possible to receive the signal
from the sensor in the FPGA and that it is
possible to store output to the memory

T.F.1.6.5 Check that stored sensor data is reasonable

T.F.1.6.6 Simulate realistic scenario, check that it is pos-
sible to reconstruct the scenario based on the
stored data

T.F.1.6.7 Simulate realistic scenario, check that the
saved data from the different sensors conform

T.F.1.8.1 Check communication with sensor and that
storing of data is possible

T.F.1.8.2 Check that stored sensor data is reasonable

T.F.1.8.3 Simulate realistic scenario, check that saved
data is correct

T.F.1.9.1 Check communication with sensor and that
storing of data is possible

T.F.1.9.2 Check that stored sensor data is reasonable

T.F.1.9.3 Simulate realistic scenario, check that saved
data is correct

T.F.1.10.1 Check communication with GPS and satellite
modem

T.F.1.10.2 Test the message transmission and compare
the received position with the reference

T.F.1.10.3 Test to recover FFU in realistic conditions
with the help of transmitted GPS position

continued on the next page
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ID Task assigned to starts due to status

T.F.1.11.1 Check that it is possible to receive the signal
from the sensor in the FPGA and that it is
possible to store output to the memory

T.F.1.11.2 Check that stored temperature readings are
reasonable

T.F.1.11.3 Test temperature sensors at different temper-
atures in climate chamber

T.F.2.1 Check that it is possible to control camera and
that camera starts to record during the right
settings

T.P.1.5 Perform a realistic full mission scenario to
check life time of the experiment

T.P.1.7 Verify that data recorded during realistic sce-
nario is within the performance requirements

T.P.1.8 Verify that data recorded during T.F.1.9.3 are
within the performance requirements

T.P.1.11 Verify that data recorded during T.F.1.11.3
are within the performance requirements

T.P.2.2 Test and verify video recording for different
distances and light conditions

T.P.2.3 Verify that video quality from T.P.2.2 is suffi-
cient for data analysis

T.D.2.1 Electromagnetic interference - FFU - TBD

T.D.2.4.1 Measure efficiency grade of RMU voltage con-
verters with different loads for +20C and -30C

T.D.2.4.2 Test to run full flight sequence with the FFU
while on ground and supplied with voltage
from RMU converters

T.O.1.1 Connect and reconnect umbilical connectors
repeated times and check that vFire systems
are switched on/off

T.O.1.3.1 Physically separate the FFU from the umbil-
ical pins and check that all the systems work
correctly at the desired order.

T.O.1.3.2 Measure voltage delivered by FFU voltage
converters with different loads for +20C and
-30C

T.O.1.3.3 Main board - TBD

T.O.2.1 Verify that signals from RXSM are forwarded
through the RMU and received in the FFU
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6 Software

ID Task assigned to starts due to status

SoMa01 Update UNIPROBE serial communication to
include fast lines

MH 100915 100917

SoMa02 Write UNIPROBE USB Module MH 100906 100911

SoMa03 Write the UNIPROBE mode control module MH 101006 101013

SoMa04 Modify UNIPROBE ADC Module to run with
AD7691

MH 100921 100924

SoMa05 Write a real-time monitoring software for GSE ML

SoMa06 Modify Main data stuffer MA

SoMa07 Modify Main memory buffer MA

SoMa08 Modify Main ADC interface and MUX con-
troller

MA

SoMa09 Write Master control MA

SoMa10 Write deployment control MA

SoMa11 Write motor control MA

SoAs01 Integrate all UNIPROBE modules MA & MH

SoTe01 Test UNIPROBE Modes MA & MH

SoTe02 Test UNIPROBE USB module MH

SoTe03 Test UNIPROBE Serial Comunication with
existing module

MH

SoTe04 Test UNIPROBE Serial Comunication MH

SoTe05 Test UNIPROBE memory with the existing
module

MH

SoTe06 Test UNIPROBE ADC module MH

SoTe07 Test integration of all UNIPROBE modules MH

SoTe08 Test Main UART communication MA

SoTe09 Test Main data stuffer MA

SoTe10 Test Main memory buffer MA Done

SoTe11 Test Main address handler MA Done

SoTe12 Test Main NAND controller MA Done

SoTe13 Test Main ADC interface and MUX controller MA

SoTe14 Test Main Master control MA

SoTe15 Test GPS control MA

SoTe16 Test GPS data processer MA

SoTe17 Test GPS register MA

SoTe18 Test STX2 control MA

SoTe19 Test deployment control MA

SoTe20 Test motor control MA

SoTe21 Test complete system MA & MH
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7 General project management

ID Task assigned to starts due to status

MaNa01 Arrange with travel and accomondation de-
tails for drop test

GC

MaNa02 Write detailed summer plan GC

MaNa03 Ask for financing of ground search GC

MaNa04 Ask for financing of RID DB

MaNa05 Ask for financing of drop test travel & accom-
modation

GC

MaNa06 Stocktaking of electronics MA 100707 100708

MaNa07 PLan summer GC 100707 100708

MaNa08 Plan autumn GC 100707 100708
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8 General Structure

ID Task assigned to starts due to status

StDe01 Finalize the design of the top plate ejection
system with concerns to spring and hinge

DB

StDe02 Design camera box DB

StDe03 Design NSSB box DB

StDe04 Design eBox tope cover (with antenna mount-
ing cutouts)

JH

StDe05 Finalize the design of the RID DB

StMa01 Manufacture PCB holders

StMa02 Manufacture camera box

StMa03 Manufacture NSSB box

StMa04 Manufacture eBox top cover

StMa05 Manufacture battery holder

StMa06 Manufacture the plates for the umbilical

StMa07 Manufacture Top plate (SQ F S top plate) GS

StMa08 Manufacture the top plate ejection springs DB

StMa09 Bend FFU walls (SQ F S wall) GS

StMa10 Mill FFU frame (SQ F S frame) GS

StMa11 Manufacture SQ F E peek blocks GS

StAs01 Assemble the structure

StAs02 Mount the antennas

StAs03 Assemble FFU chassi

StAs04 Assemble boards in eBox

StOr01 Order the RID DB

StOr02 Order the Bottom plate JH

StOr03 Order the ejection spring DB

T.F.2.2.1 Test to lock the FFU in position and ver-
ify that locking mechanism holds the FFU in
place

T.F.2.2.2 Measure release force when FFU is released
from RMU by the locking mechanism

T.F.2.2.3 Do a vibration test with FFU and RMU
mounted together to ensure that the locking
mechanism is reliable

T.F.2.3 Hang the ejection spring, in compressed state,
then release it and record the release with a
high speed camera in order to detect possible
tumbling during streching

T.P.1.1 Perform repeated full deployment of the four
wire-booms simultaneously and measure the
possible length differences

T.D.1.2 FFU - TBD

continued on the next page
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ID Task assigned to starts due to status

T.D.1.3 Vibration test of the FFU according to the
specifications of Eurolaunch. Test the system
after vibration test for detection of failures

T.O.2.2 Clamp the spring in compressed state and
leave it during 10 days.
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9 Landing system

ID Task assigned to starts due to status

LaMa01 Source SQ F E M3screws for dropTest DB

LaMa02 Source SQ F E M4screws for dropTest DB

LaMa03 Manufacture SQ F E mockups DB

LaMa04 Source SQ F S bottom plate M3screws for
dropTest

DB

LaMa05 Manufacture SQ F S bottom plate mockups GS

LaMa06 Manufacture SQ F S frame ropes DB

LaMa07 Source SQ F S frame M3screws for dropTest DB

LaMa08 Manufacture SQ F Scale mockups GS

LaMa09 Manufacture SQ F Streamer DB

LaTe01 Decide drop location DB

LaTe02 Plan for the ground support during the drop
test

DB

LaTe03 Plan for integration of eTag DB

T.F.1.7.2 Parachute structural integrity through loading
the parachute with sand until collapse

T.F.1.7.4 Test the functionality of the top plate ejection
system through repeated openings in lab con-
ditions

T.F.1.7.5 Full landing system test by dropping the FFU
from airplane - LaMs01

T.P.1.6 Measure fall speed during drop test

T.D.1.10 Check different folding techniques and check
that they fit on the compartment. Measure
force needed to pull the parachute out.

Done
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10 Outreach

ID Task assigned to starts due to status

OuNa01 Arrange with new BLOG GC 100614 100615 Done

OuNa02 Arrange details for Space Generation congress JM 100614 100615 Done

OuNa03 Arrange details for aviation technology 2010 JM 100823 100824 Done

OuNa04 Plan school visits JM 100823 100828

OuNa05 Plan blog activities for the summer GC 100621 100622 Done

OuNa06 Plan blog activities for the autumn JM 100816 100820

OuBp01 Personal presentation MP Na 100623 Done

OuBp02 SCALE status update MP Na 100707 Done

OuBp03 Joining the SQUID team MP Na 100731

OuBp04 Personal presentation ML Na 100626 Done

OuBp05 Hijacking HeroHD camera ML Na 100721

OuBp06 Soldering course at ESTEC GC Na 100630 Done

OuBp07 Planning the summer GC Na 100724 Done

OuBp08 Towing test extended story DB Na 100710 Done

OuBp09 Planning the drop test DB Na 100728

OuBp10 Cutter status update DB Na 100811

OuBp11 CDR + Munich GS Na 100714 Done

OuBp12 Designing the tracker circuit GC Na 100804 Done

OuBp13 Layouts done MA Na 100717 Done

OuBp14 Soldering course at DLR MA Na 100703 Done

OuBp15 Solder the boards MA Na 100807 Done
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Part Cad status Awaiting approval Manufacturer Responsible Comments
SQ_R

SQ_R_RID 100507 David
SQ_R_N_Main box 100507 David Status explanation
SQ_R_N_Cover David
SQ_R_N_Screws David 4xM4, 4mm long
SQ_R_Cam_Main_box 100507 David Color explanations Date format Name format
SQ_R_Cam_Cover
SQ_R_Cam_Screws David 4xM2, 5mm long

SQ_R_U_Plate 100507 David Not initiated YYMMDD
SQ_R_spring N.A David

RE_R

RE_R_Cutter 100507 David In progress
RE_R_wire N.A Completed A – Assembly

C – Cutter

F – FFU
SQ_F_ST R – RMU

S – SCALE
SQ_F_ST_frame 100506 Workshop SPP Mario SQ – SQUID
SQ_F_ST_hinge 100506 Workshop SPP Mario ST – Structure

100506 EKAB LS - Landing System
100506 Workshop SPP Mario

SQ_F_ST_pin 100506 Workshop SPP Mario Needs feedback from manufacturing
SQ_F_S_hinge screws 100527 Mario 2xM3, 8mm long
SQ_F_ST_wall 100527 Workshop SPP
SQ_F_ST_wall_screws1 100527 Mario 32xM3, 8mm long
SQ_F_ST_spring 100527 Mario
SQ_F_ST_clamp Workshop SPP Mario, David
SQ_F_ST_LED_PCB
SQ_F_ST_LED_PCB_screws

SQ_F_E

SQ_F_E_C_case 100507 Workshop SPP David
SQ_F_E_C_cutter_pipe 100507 Workshop SPP David
SQ_F_E_C_cutter_wire 100507 David
SQ_F_E_C_cutter_crimps 100507 David
SQ_F_E_board_support_A 100310 Workshop SPP
SQ_F_E_board_support_B 100310 Workshop SPP
SQ_F_E_top_cover 100428 Workshop SPP
SQ_F_E_bottom_cover 100428 Workshop SPP NI: here we should also include antennas and antenna attachment screws.
SQ_F_E_battery_fixer_base 100445 EKAB Needs feedback from manufacturer
SQ_F_E_battery_fixer_cover 100445 EKAB

100507 EKAB Needs integral assembling with the cutter/Needs feedback from manufacturer
SQ_F_E_box_support 100445 Workshop SPP
SQ_F_E_fasten_nut 100445 Workshop SPP Georg: what's that actually?
SQ_F_E_pad_up 100527 Workshop SPP
SQ_F_E_PCB_supporting_post 100527 Workshop SPP

SQ_F_E_C_case_screw 100527 1xM2,15mm long
SQ_F_E_board_support_A_screws 100527 2xM2,12mm long
SQ_F_E_board_support_B_screws 100527 2xM2 sink screws,12mm long
SQ_F_E_bottom_cover_screws 100527 12xM2 screws, 4mm long
SQ_F_E_top_cover_screws 100527 12xM2 screws, 4mm long
SQ_F_E_battery_fixer_base_screws 100527 2xM3 sink screws, 10mm long
SQ_F_E_battery_fixer_cover_screws 100527 2xM3 screws, 5mm long
SQ_F_E_SMILE_PCB 100527
SQ_F_E_UNIPROBE_PCB 100527
SQ_F_E_MAIN_PCB 100527
SQ_F_E_RF_PCB 100527
SQ_F_E_DCDC_PCB 100527
SQ_F_E_GPS
SQ_F_E_STXZ_antenna

SQ_F_E_box_support_screws 100527 4xM5 sink screws, 15mm long
SQ_F_E_fasten_nut_screws 100527 2xM2.5 screws, 15mm long
SQ_F_E_PCB_spacers 100527 Workshop SPP 15xM2 copper spacer, 12mm long
SQ_F_E_PCB_spacer_washers 100527 14xD2 washers, 1mm long
SQ_F_E_PCB_spacer_screws 100527 4xM2 screws, 5mm long

Manufacturing 
status

NI: This is not primitive part. There should be at least following parts:      1. 
NSSB box 2. NSSB attachment screws.  3. NSSB PCB with pigtail connectors 
4. Connector attachment screws.          This is only if NSSB box is a primitive 
part, if it has many parts, there will be more parts.

NI: Again, here we have 1. Camera box 2. Camera box attachment screws 3. 
Camera electronics (one unit). 4. Connector attachment screws

NI: here there will be following parts: 1. Plates (x2), 2. Attachment screws 3. 
PCBs (x2) 4. Harness cables (x2) 5. Connector attachment screws.

The files will be structure on the format SQ_"main 
project NN"_"subproject NN"_"part NN"

NI: here there will be at least following parts: 1. Cypress Cutter 2. cutter 
attachment bracket (x2?) 3. bracket screws 4. wire clamp SQ_F_ST_upper_disk.prt

E – Ebox

Needs review of the attacment points for the parachute.

SQ_F_ST_bottom_plate.prt Jiangwei
SQ_F_ST_top_plate.prt

Jiangwei

Multicad AB

U - Umbillical

Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei

SQ_F_E_boxshell Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei

Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei

Multicad AB
Multicad AB
Multicad AB
Multicad AB
Multicad AB

Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei



SQ_F_E_connector_screws

SQ_F_S

SQ_F_S_front_cap 100505 EKAB Received
SQ_F_S_back_cap 100505 EKAB Received
SQ_F_S_main_gear 100505 XX / Workshop SPP
SQ_F_S_driving_gear 100505 XX / Workshop SPP
SQ_F_S_threaded_shaft_gear 100505 XX / Workshop SPP
SQ_F_S_threaded_shaft_gear_key 100505 Workshop
SQ_F_S_inner_cylinder 100505 EKAB
SQ_F_S_outer_cylinder 100505 Workshop SPP
SQ_F_S_threaded_shaft 100505 EKAB
SQ_F_S_main_shaft 100505 EKAB
SQ_F_S_side_support_A 100505 Workshop SPP
SQ_F_S_side_support_B 100505 EKAB
SQ_F_S_scale_top_cover 100505 Workshop SPP NI: A hole for connector needs to be made
SQ_F_S_pusher_ring 100505 Workshop SPP

100505 EKAB
SQ_F_S_door 100505 Workshop SPP Needs check due to sphere-constraining springs
SQ_F_S_locker 100505 Workshop SPP
SQ_F_S_sensor_wheel 100505 Workshop SPP
SQ_F_S_hemisphere_A 100219 EKAB
SQ_F_S_hemisphere_B 100219 EKAB
SQ_F_S_tube 100505
SQ_F_S_roller 100505
SQ_F_S_roller_pin 100505
SQ_F_S_cable 100505
SQ_F_S_scale_PCB 100505
SQ_F_S_motor 100505
SQ_F_S_sphere_PCB_L 100505 Including Gyro PCB and Accelerometer
SQ_F_S_sphere_PCB_S 100505

SQ_F_S_side_support_A_screws 100527 4xM2 sink screws, 7mm long  /  2xM2 screws, 5mm long
SQ_F_S_side_support_B_screws 100527 4xM2 sink screws, 7mm long  /  2xM2 screws, 5mm long
SQ_F_S_scale_top_cover_screws 100527 4xM2 screws, 4mm long

100527 3xM2.5 sink screws, 15mm long
SQ_F_S_locker_screws 100527 2xM2 set screws, 3mm long
SQ_F_S_inner_cylinder_screws 100527 4xM2 sink screws, 5mm long
SQ_F_S_scale_PCB_screws 100527 2xM2 screws, 4mm long
SQ_F_S_sphere_PCB_S_screws 100527 4xM2 screws, 4mm long
SQ_F_S_motor_screws 100527 2xM2 set screws, 5mm long
SQ_F_S_threaded_shaft_washer 100527
SQ_F_S_threaded_shaft_gear_washer 100527
SQ_F_S_threaded_shaft_bearing_F 100527
SQ_F_S_threaded_shaft_bearing_S 100527
SQ_F_S_main_shaft_bearing 100527

SQ_F_LS Landing System

SQ_F_LS_parachute N.A David
N.A David
N.A David

SQ_F_LS_swivel N.A David

Tools needed for assembly
screwdriver for slotted screws

Jiangwei
Jiangwei
Jiangwei Received  - Modifications needs to be done upon
Jiangwei Received  - Modifications needs to be done upon
Jiangwei Received  - Modifications needs to be done upon
Jiangwei
Jiangwei Recived July
Jiangwei One test cylinder manifactured
Jiangwei Recived
Jiangwei Recived Thu 12/8
Jiangwei Recived June
Jiangwei Recived June
Jiangwei
Jiangwei

SQ_F_S_backcover Jiangwei Comming fri 13/8
Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei

Multicad AB
Faulhaber
Multicad AB
Multicad AB

All screws for the SCALE system will be taken from inhouse for the first tests
Ex Bufab Jiangwei

Jiangwei
Jiangwei

SQ_F_S_backcover_screws Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei
Jiangwei Made out of Iglide GSM-0304-03, 0.5 mm thickness / 2 required
Jiangwei 4 required, Made out of standard plastic bearing Iglide G300
Jiangwei 2xIglide  GFM-0304-03  - Recived but may need some alterations
Jiangwei 4xIglide  GSM-0304-03  - Recived but may need some alterations
Jiangwei 2xIglide  GFM-0405-03   -Recived but may need some alterations

SQ_F_LS_aramid
SQ_F_LS_dyneema
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SQUID Towing-test report 
David Bergman 

dabergma@kth.se 
Royal Institute of Technology, KTH, Stockholm, Sweden 

Department of Space and Plasma Physics, SPP, Nickolay Ivchenko 
2010-05-23 

 
Abstract 

On May 19 2010 between 11:00 and 19:00 part of the SQUID team was stationed at 
Tierp airfield conducting parachute deployment tests behind a towing car. The parachute 
with streamer was packed inside a mockup of the FFU and mounted onto a wooden rig 
which was safely secured to the loading area of a pickup. In total 21 runs were made out 
of which 13 were deployment tests, the rest included drag measurements. Full parachute 
deployment was achieved in 5 out of the 13 runs.  

 

1. Introduction 
SQUID’s landing system incorporates a parachute that is folded inside of the FFU into 
the four compartments between the SCALE systems (see Figure 1). As no exterior 
expertise on this type of folding exists SQUID must develop its own technique with the 
cross type parachutes bought from Top Flight Recovery. In order to support the 
development a towing test has been conducted where the parachute deployment was 
tested and drag data gathered. The tests were conducted on a runway with a car towing 
the setups to simulate a free stream velocity during free fall. The introduction given in 
this report is a summary of the whole test plan document [1].    
 

 
Figure 1 Left: FFU with arrows pointing at parachute compartments. Right: The 1.8m size cross-

chute 
 



1.1. Place and time 
Place: Tierp Airfield, southern end. 
Date: May 19, 2010 
Time: 11:00 – 19:00 
Contact person for the airfield: Jens Gissberg, Municipality of Tierp 
 

1.2. Team and responsibilities 
Name Responsibility
David Bergman Test Coordinator, base support, chute packing, documentation
Gunnar Tibert Supervisor, base support, rig responsible
Gustav Casselbrant Photographer
Jacob Michelsen Filming
Mario Valle FFU pilot, rig-responsible, documentation
Mikko Laukkanen Base support, chute-packing
Nickolay Ivchenko Supervisor, base support, chute-packing
Torsten Söderström Designated driver  
 

1.3. Primary Objectives  

P1. Deploy parachutes, folded in different ways into the FFU, in order to find a 
solution that can be optimized and refined. 

P2. Gather data in order to calculate the CD, drag coefficient, of the parachutes. 

 

1.4.  Test description – Parachute deployment 
Three different parachute folding techniques were to be investigated in a speed of 30m/s 
(~110km/h). These three techniques were developed each by: Mario, David and Mikko 
and Nickolay, which have cooperated through feedback and exchange of ideas. Due to 
time restrictions only two of these were tested though, Mario’s and David and Mikko’s. It 
was determined that three test runs should be enough per folding technique to determine 
its functionality and efficiency. However due to technical difficulties only two, per 
folding, could be made initially giving a total of four runs. 

The above mentioned four tests were made using the 1.8m (70”) size parachute (see 
Figure 2), which is the middle sized one of the ones available (60, 70 and 80 inches).  
Parachute deployment sequence was initiated through the release of the top plate which 
was secured to the FFU mockup with duct tape incorporating a rope in it. The rope was 
guided in such a way that when pulled it will drag the tape with it, releasing the top plate 
thus exposing an underlying streamer of 0.2x1.8m size that could catch the wind, create 
drag and pull out the parachute (see Figure 3).  



 

Figure 2 The 1.8m size parachute used during the deployment tests. 
 

 

Figure 3 The 0.2x1.8m streamer used.  
 
Mario’s folding technique was determined to be the most promising one so it was used 
further for test runs where the FFU was placed in non-advantageous angles. These angles 
were supposed to give an indication of the systems ability to deploy the parachute even in 
non-ideal situations which are more realistic to occur.  

 
 

Figure 4 Left: FFU mockup setup coordinate system. Right: The rig and top FFU mockup. 

V 

Along the wind 

Tilted up along 
the wind

Straight up 
Tilted up against 
the wind 

Car velocity vector

Against the 
wind 



 

1.5. Runs Carried out 
Test nr. Parachute size Streamer size Folding Angle of attitude (see Fig. 4)

1 70" 7x70" David,Mikko Along the wind
2 70" 7x70" David,Mikko Along the wind
3 70" 7x70" David,Mikko Along the wind
4 70" 7x70" David,Mikko Along the wind
5 70" 7x70" David,Mikko Along the wind
6 70" 7x70" David,Mikko Along the wind
7 70" 7x70" David,Mikko Along the wind
8 70" 7x70" David,Mikko Along the wind
9 70" 7x70" Mario Along the wind
10 70" 7x70" Mario Along the wind
11 70" 7x70" Mario Tilted up along the wind
12 70" 7x70" Mario Against the wind
13 70" 7x70" Mario Straight up  

Table 1 Actual order in which the deployment runs were carried out. 
 

 

1.6. Test description – Drag test 
The parachute was attached to a baggage scale secured to the rig. No FFU or streamer 
was involved in this test. When running the car along the runway the parachute was 
allowed to exert drag that was measured by the scale. The measured drag value along 
with wind speed, measured by a wind speedometer, was recorder by a camera, Figure 5. 
 

 



Figure 5 Drag test instruments set up. 
 
One run was made with each parachute size and each of these were run with a steadily 
increasing speed. This was in order to get both size and speed dependency which can be 
used to validate a drag model which can be used for further analysis and calculations. 
Parachute sizes are: 60”, 70” and 80”.  
 
The drag, speed and parachute area is to be applied to Eq. 1 in order to investigate if this 
model holds for a cross-chute and can be used to estimate SQUID’s descent rate. 

21
2

D
D

ref

FC
V Sρ

=  (1) 

• CD – Drag coefficient 

• FD – Drag (N) 

• ρ – Air density 

• V – Free stream velocity 

• Sref – Object reference area 

 

2. RESULTS: Objective 1 – Parachute deployment  
All deployment test runs were conducted with the 1.8m size parachute and a 0.2x1.8m 
sized streamer. Deployment took place at a speed of 110km/h. A headwind was present 
that varied from 5km/h to 14km/h. Runs one to eight were conducted with David’s 
folding while runs nine through thirteen was with Mario’s folding.  
 

2.1. Summary of test runs 
Run Outcome Faults General comments 

1 Failed Rope not secured 
enough to the top 
cover opening 
mechanism 

Modification for next run: Rope 
securement to the top cover was 
modified using gaffa tape. 

2 Failed Key ring connecting 
parachute to swivel 
broke. 

Parachute separated from FFU by the 
streamer but key ring broke before full 
inflation could take place.  
 
Modification for next run: Swivel was 
modified afterwards, the keyrings in the 
swivel were removed and replaced with 



thick steel wire loops.  
3 Failed Keyring connecting 

the FFU straps to the 
swivel broke. 

Parachute dragged out but no inflation 
could take place.  
 
Modification for next run: Keyrings 
completely replaced with 2,8mm 
polyester rope that connects FFU and 
parachute to the swivel and steel wire 
loops.  

4 Failed Swivel broke Parachute separated from FFU but 
deployment was interrupted due to the 
swivel breaking. 
 
Modification for next run: Swivel 
removed completely and replaced with 
2,8mm polyester rope. The rope was 
folded in a loop creating a distance of 
about 0,5m between the FFU straps and 
parachute straps.  

5 Failed Top cover did not 
open. 

Modification for next run: Top cover 
rope attachment strengthened with gaffa 
tape for the next run. 

6 Failed Top cover did not 
open. 

Modification for next run: Top cover 
modified using half of a plastic cookie 
jar attached to the cover in order to get a 
pulling force more normal to the top 
cover surface. 

7 Success Rig top plate bent a 
bit. 

Full deployment was reached for the first 
time with David’s folding.  
 
No modifications. 

8 Success Rig top plate bent 
even further 

No modifications. 

9 Success Rig top plate is getting 
a bit loose and further 
bent. 

First full deployment with Mario’s 
folding. 
 
No modifications. 

10 Success Rig top plate has to be 
checked.  

Parachute straps were tucked in twisted a 
bit but still full deployment was 
achieved. 

11 Success Top plate bent 
downwards quite a lot.

FFU was connected at 45 degrees angle 
upwards facing backwards. Video shows 
that before deployment the rig top plate 
was bent down to less than 45 degrees.   

12 Failed FFU angle. FFU secured to the rig top plate facing 
straight ahead into the wind. Streamer 



was fully deployed but unable to deploy 
parachute. 

13 Failed FFU angle. FFU mounted facing straight up. 
Parachute was partly dragged out by the 
streamer but could not be separated from 
FFU. Afterwards a baggage scale was 
used to drag out the rest of the chute 
straight upwards, only 3 to 4N was 
required.  

Table 2 Test protocol summary. 



2.2. Deployment times 
The videos from the test show that the full deployment of the parachute, from the 
moment the top cover started to be pulled away (see Figure 6), was achieved within 2 
seconds in each of the successful deployment runs, see Table 3.    

 
  
 

Run nr. Folding Technique Deployment 
time (s) 

7 David, Mikko 2 
8 David, Mikko 1  
9 Mario 2  
10 Mario 2  
11 Mario 2 

Table 3 Deployment times observed from the videos. 
 

 
Figure 6  Timed parachute deployment sequence. 



 

2.3. Observations regarding David and Mikko’s folding 
The folding worked and was deployed as long as the FFU top was facing along the wind. 
No tests were conducted at other angles with this folding. However when investigating 
the videos it can be seen that the parachute is dragged out a bit unevenly from the FFU 
mockup. 
 

2.4. Observations regarding Mario’s folding 
This folding worked and was fully deployed when the FFU top was facing along the wind 
and slightly tilted upwards along the wind. This folding was deemed the better of the two 
as it seemed to be dragged out of the FFU in a more symmetrical way.   
 

2.5. Conclusions 
In all the test runs where the top plate opened  the streamer deployed without any 
problems concluding that the system should have no problem to deploy the streamer from 
a non rotating body no matter what way the FFU top is facing.  
 
Full deployment of the parachute can be achieved with both folding techniques tested, as 
long as the FFU is facing along the direction of the wind.  
 
As the FFU was fixed in position and could not move it is impossible to determine 
whether the streamer would in fact turn the FFU top from a bad angle into a more 
favorable position that would allow the parachute to be deployed. Parachute could not be 
concluded to otherwise be deployable when facing angles offset from along the wind 
direction.  
 
The time for full deployment was, in all successful cases, within 2 seconds. Comparing 
this to cross chutes tested by NASA[1] and drag chutes used for breaking airplanes[2], 
which both have an observed deployment time of between 1-3 seconds, both folding 
techniques are concluded to be able to deploy efficiently. Mario’s technique was however 
deemed the best and will therefore be used for further development throughout the 
SQUID project.  
 
The overall conclusion of the test is that the system could not been verified to be able to 
work properly during the conditions possible when re-entering earth atmosphere and 
landing system is supposed to activate. Modifications and further tests have to be 
conducted. 
 
 



3. Objective 2 – Parachute drag 
One test run was conducted each with the 60, 70 and 80 inch size parachute. The speeds 
varied between about 28 to 70km/h according to the wind speedometer. 
 

3.1. Raw drag data 
The collected raw drag data was gathered through observation of the movies recorded 
from the runs. As such the data is highly questionable regarding its accuracy as the values 
were oscillating a lot and the writers judgment determined which one seemed more 
feasible. The collected raw data was input into MatLab and has been plotted in Figure 7. 
 
The raw data was then processed using b-spline to remove possible noise and give a 
curve that shows the drag trend better. With this processed data the drag coefficient could 
be determined by applying a function with a set drag coefficient and compare this to the 
experimentally obtained one. In this way the drag coefficient could be adjusted until a 
good agreeability with the processed experimental data was reached. This is presented in 
Figure 8. 
 
In this way the drag coefficient for the three parachutes could be obtained. The results are 
presented in Table 4. 
 
Parachute size 60” 70” 80” 
Drag coefficient 1.2620 1.0537 1.0882 

Table 4 Drag coefficients for the three sizes of parachutes 



 
Figure 7 Raw drag data of the three parachutes.  

 



 
Figure 8 Processed experimental data along with the reference drag of the obtained drag coefficients. 

 

3.2. Discussion  
The values of the coefficient of drag in Table 4 seem to be a bit higher than expected for 
this type of parachute. Expected values should be in the vicinity of about 0.85. Therefore 
the question arises whether the instruments that collected data delivered updated 
information in synchronicity. The baggage scale is not meant to be used for experiments 
such as this and neither is the wind speedometer. The speeds obtained through the wind 
speedometer are very questionable as the update rate was very slow. The baggage scale 
however update quite frequently so this one should be quite reliable. Therefore the 
obtained values for the drag coefficient could fluctuate and not correspond well to each 
other due to the baggage scale and wind speedometer not giving information that 
corresponded to the same moment in time.  



The three drag coefficients however are still quite similar. They should be the same if the 
drag equation used is to be concluded applicable. But as the dissimilarities are not that 
big and as the 70 and 80 inch parachute’s drag coefficient correspond very well to each 
other one can argue that further tests involving a larger speed span of all the parachutes 
should bring them closer to the same value. 
 

3.3. Conclusion  
As two of the three drag coefficients obtained through the drag coefficient equation 
correspond very well to each other the conclusion is made that the equation should be 
applicable to this type of chute. To account for safety until further tests have been 
conducted the conclusion is to use 0.9 as a drag coefficient which seems reasonable as 
trends point towards the real coefficient being a bit higher than the theoretical one of 
0.85. 
 

4. References 
 
[1]- David Bergman, “SQ_Towing_test_plan_Final”, Department of Space and Plasma 

Physics (SPP), 2010-05-18. 

 

[2]-PEPP Aeroshell balloon drop test #4 
http://www.youtube.com/watch?v=bO6_18lKUc4, 2010-05-23. 

 

[3]- Lear Parachute Deployment, http://www.youtube.com/watch?v=Xc7pgXI84hU, 

2010-05-23. 
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Streamer testing report

Jacob Michelsen

May 26, 2010

Abstract

This report describes the testing carried out to determine drag characteristics of various kinds
of streamers. The document is intended as a reference for the SQUID rocket experiment project
which is a part of the REXUS 9/10 programme. The drag forces at different wind speeds from
different streamers are presented in a table. It is concluded that the drag force increases rapidly
with increasing material weight, and that streamers with a chord to span ratio of more than 10 seem
less efficient in producing drag. For the SQUID project, it is recommended to continue testing the
landing system using a streamer made of the heavy airbag fabric, with a chord to span ratio of 10.

1 Introduction

The SQUID experiment consists of a small disc-shaped payload which is launched to an altitude of
roughly 90 km, gathers data, and returns the data safely to earth using an airbraking and recovery
system.

The main component of the airbraking system is a parachute, which is deployed when the experiment
has reached terminal velocity in the lower atmosphere, at around 5 km. The speed is expected to be 30 ±
10 m/s. However, the aerodynamical properties of the disc have not been precisely determined, though
it is assumed it will be tumbling. This tumbling poses a challenge to successful parachute deployment,
and in order to quickly pull the tightly packed parachute free from its compartment and clear of the
spinning disc, the deployment of a long piece of fabric, a streamer, has been suggested. This will catch
the wind and pull the parachute free.

Further investigations showed that the drag characteristics of streamers did not appear to have been
fully explored and some testing would have to be carried out to determine their characteristics.

2 Testing method

Access to the wind tunnel at KTH is restricted so it was decided to use a kind of towing test instead.
A dynamometer with a precision of 0.01 N and max load of 100N was rigidly attached to the end of

a pole. The streamers were attached to the hook in the dynamometer using a loop of rope attached to
the streamers through two holes at the slightly tapered front ends of the streamers. A camera, GoPro
HD Hero was attached to the shaft of the pole to film the dynamometer readout and streamer, though
the camera’s attachment point made it difficult to have the entire streamer within its field of view. See
fig. 1.

The measurements were carried out by putting the rod out the window of a car driving at 10 m/s
(36 km/h), 20 m/s (72 km/h), and 30 m/s (108 km/h). Fig. 2 shows a video frame from the camera
recording of the testing. A convertible was chosen to make it easier to handle the long pole, but the
windy conditions in the back seat were less than ideal. For the second session an ordinary car was used
for the measurements.

On the first day of testing, Saturday the 1st of May, conditions were very windy. There was no wind
measurement equipment at hand, but the gusts were estimated to be in excess of 5 m/s. The testing
was carried out on an island to minimize traffic, but most long straight roads were in the direction of
the wind. Testing was carried out anyway, with some of the tests done both against and with the wind
using the same streamer.

On the next day, conditions were much calmer with next to no wind. More tests were conducted this
day, with focus on the streamers that had been tested both with and against the wind the previous day
in order to have more data for determining the exact wind speed in the previous day’s tests.

May 26, 2010 1
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Figure 1: The parts of the measurement rod. a. GoPro HD Hero. b. Dynamometer. c. Measurement
hook with streamer attached. Secured with duct tape.

Figure 2: Video frame from the GoPro HD Hero camera during testing of the Top Flight Recovery 4*40
inch nylon streamer

As the dynamometer readouts varied rapidly during the testing of each streamer, an average value
was determined by studying the 60 FPS video in slow motion.

3 Streamer materials

Nylon streamers from Top Flight Recovery[1] were used as templates for the streamers that were made in-
house. These were cut out from airbag cloth of two different thicknesses, as well as 25 micron mylar. The
nylon in the Top Flight Recovery streamers were of two different thicknesses. See table 1 for information
on the streamer materials.

4 Results

See appendix A.

May 26, 2010 2



SQUID - Test report Streamer testing report

Material Mylar Thin nylon Nylon Airbag cloth (LAC) Heavy airbag cloth (HAC)

Density g

m2 34 50 84 180 232

Table 1: Table of streamer materials

5 Discussion

From the results, it appears that the drag force induced by the streamers increases rapidly with increasing
weight of the material, while streamers that have a higher chord to span ratio than the standard 10 seem
slightly less efficient in producing drag considering the extra material required.

Similar results concerning material weight can be found in Hoerner’s Fluid Dynamic Drag[2, p. 3 -
25], where flags of different material density and chord to span ratios were tested, see figure 3. However,
only flags with a chord to span ratio up to 5 were tested, and at these ratios the drag coefficient appears
to increase linearly. According to the Handbook of Model Rocketry[3, p. 177], an optimum streamer size
for model rockets, to achieve the highest possible drag, is 10:1. It may be that streamers longer than
this pull the material further up the air stream too taut to create drag by fluttering.

The results will be analyzed further by the author as part of his bachelor’s thesis.

Figure 3: Drag characteristics of fluttering flags as a function of fabric weight (left) and as a function of
chord to span ratio (right). Taken from Hoerner’s Fluid Dynamic Drag[2, p. 3 - 25]

6 Conclusion

• As heavy material as possible should be chosen for the streamer. The heavy airbag fabric is already
easily available and has good thermal resistance, and should be the primary choice of material for
further landing system testing in the SQUID project.

• The chord to span ratio of the streamer should be around 10.

References

[1] Top Flight Recovery LLC - http://topflightrecoveryllc.homestead.com/

[2] Fluid-dynamic drag 2nd Edition, Sighard F. Hoerner, self-published by Hoerner, 1965

[3] Handbook of Model Rocketry 7th Edition, G. Harry Stine and Bill Stine, John Wiley & Sons Inc,
2004
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Streamer testing report appendix A - Test results

Dimensions Material Weight [g] Still w wind [N] 10 m/s w wind [N] 10 m/s [N] 10 m/s a wind [N] 20 m/s w wind [N] 20 m/s [N] 20 m/s a wind [N] 30 m/s w wind [N] 30 m/s [N]

4*40� (12*101 cm) Nylon 11,6 1,3 (0,04-0,25) 0,14 (0,09-0,22) 0,7 (0,55-1,0) 0,8 (0,5-1,05) a 1,6 (1,4-1,92) 2,0 (1,5-2,6) a

4*40� (12,2*101 cm) LAC 21,3 1,7 (1,2-2,5) 2,8 (1,7-3,5) 5 (4,5-6,2)

4*50� (12,3*123 cm) LAC 25,8 5,5 (4,5-6,8)

4*60� (12*150 cm) LAC 32 3,5 (2,7-4,6) 5,2-5,5 (4,2-6,2) b

4*80� (12*196 cm) LAC 41,8 2,2-3,1 (1,8-3,5) 3,5c 6,5-7 (5,5-9,5)

6*60� (16*150 cm) Nylon 20,2 2,8 (2,0-3,5)

6*68� (15*173 cm) Mylar 8,8 2,3 (2,0-2,5)

7*70� (17,3*176 cm) Thin nylon 15,2 0,5-0,6c 1,5c 2,4 (2,0-3,0)

7*70� (17*176 cm) HAC 66,7 2 (0,9-3,2) 4 (2,7-5,5) 6,5 (6-8) 11 (9,0-13) 9-12c

7*31� (17*79 cm) LAC 22,8 1,2 (0,7-1,5) 2,1 (1,2-2,8) 3c 5 (4,5-7) 4 (3,0-4,5)

7*47� (17*117 cm) LAC 34,8 7 (5,7-9,5)

7*70� (17*175 cm) LAC 52,6 8 (6,2-9)

7*87.5� (17*220 cm) LAC 65,3 3,3 (2,1-4,8) ? 4,8-5 (4-7) 7 (4,3-9,2) ?

7*105� (17,5*267 cm) LAC 79,4 1,5 (0,9-2,4) 5 (4,5-5,5)c 9,5 (6,5-11,2)

10*100� (24,8*251 cm) LAC 108,7 5,5 (4,0-7) 6,2 (5-7,5) 10,5-11 (9-12,2)

a = repeated in a second test run

b = possible occurence of 10 N max spike

c = camera blinded by the sun, display readout hard to make out

1
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Date Group Description Amount € equival.
Expences so far
100326 Hardware mech EKAB - spheres 14 160kr 1 410 €
090928 Hardware elect Avtec-nortec 1 636kr 163 €
100208 Hardware elect Farnell electronics 1 491kr 149 €
100318 Hardware elect Circuitboards spheres 5 075kr 506 €
100408 Hardware elect Farnell electronics 5 928kr 590 €
100203 Hardware elect Farnell electronics 1 008kr 100 €
100206 Hardware elect Avnet Nortec 3 616kr 360 €
100222 Hardware elect Avnet Nortec 2 377kr 237 €
091201 Hardware elect Farnell electronics 1 345kr 134 €
100326 Outreach Stickers 2 600kr 259 €
100114 Travel Kiruna ticket Monica 3 535kr 352 €
091203 Travel Amserdam ticket 4 167kr 415 €

Management Basecamp 1 010kr 101 €
Hardware elect Camera x2 6 000kr 598 €
Hardware mech Parachute 5 500kr 548 €
Hardware mech Coogwheel 2 500kr 249 €
Travel Stutgart 4 000kr 398 €
Outreach Poster 1 500kr 149 €
Hardware mech Motors 5 000kr 498 €
Hardware mech Lesjöfors eject. spring 3 750kr 374 €
Towing test Towing test 1 000kr 100 €
Outreach Poster 1 500kr 149 €
Travel Kiruna ticket Jiangwei 3 535kr 352 €
Travel Hotel Esrange Jiangwei 5 000kr 498 €
Travel Hotel Esrange Monica 5 000kr 498 €
Hardware mech E-box, battery holder 12 000kr 1 195 €
Travel CDR tickets 8000 797 €
Travel CDR hotels 4000 398 €
Outreach RollUp 1200 120 €
Hardware elect Beacon transmitter 3000 299 €

Total spent 120 434kr 11 995 €

Planned expences
Hardware elect Boards 15 000kr 1 494 €
Hardware mech Motors 20 000kr 1 992 €
Hardware mech SCALE 50 000kr 4 980 €
Drop test Drop test 12 000kr 1 195 €
Hardware elect Antennas 3 000kr 299 €
Hardware elect Batteries 2 000kr 199 €
Hardware mech Screws 4 000kr 398 €
Hardware elect Components 15 000kr 1 494 €
Hardware elect Connectors 12 000kr 1 195 €

Total planned expences 133 000kr 13 247 €

TOTAL 253 434kr 25 242 €0 €
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Introduction 
As the FFU of the SQUID experiment is to be ejected along the rocket’s roll axis there are 
potential collisions that can occur. The rocket will eject its nosecone and separate the payload 
from the motor which will also travel along the same axis as the FFU. Therefore it is necessary to 
perform calculations on the separation speeds of the nosecone and payload in order to determine 
the ejection speed of the FFU so that no collision occurs.   
 
Separation phase description of REXUS 10  
When the REXUS 10 rocket has reached an altitude of about 65 km the separation sequence is 
planned to initiate, illustrated by Figure 1. First the nosecone separates from the rocket, exposing 
the SQUID experiment, which shortly after will eject the FFU. The final step is the rocket 
payload and motor separation which occurs shortly after FFU ejection.  
 

 
Figure 1 – Illustration of REXUS 10 separation sequence. 

 
Data  
Data on the REXUS 5 rocket separation sequence gotten from SSC provided the raw acceleration 
data shown in Figure 2.  

Burnout 

1. Nosecone separation 

2. SQUID FFU ejection 

3. Motor separation 



 
Figure 2 – Left: acceleration data of nosecone separation. Right: acceleration data of payload 

separation. 
 
The mass of the REXUS 5 was extracted from “rexus_5_campaign_report” [1] and is 
summarized in Table 1. 
 

Part REXUS 5 Mass (kg) 
Nosecone 15,9 
Modules 74,3 
Motor (with propellant) 427,5 
Motor (empty) 137,5 
Propellant 290 
Total  517,7 

Table 1 – REXUS 5 masses. 
 
 
 
Calculation Method 
The problem is considered to be one dimensional and the case studied fully ideal with no 
losses due to friction or in the energy transferred. As the mass of the FFU is of such a 
small magnitude the recoil from separation is considered negligible here.  
 
Acceleration data was input into MatLab and using the function trapz, which conducts a 
trapezoidal numerical integration, the equations below were solved.  
 
Nosecone separation 
 
The separation velocity of the nosecone is modeled as: 
 

sec

payload

no one

m
V a dt

m
= ⋅∫  

 



For the nosecone separation the recoil velocity needs to be taken into account between 
the nosecone and payload. Accounting for this the total velocity difference between 
nosecone and payload expressed as V1 becomes:  
 

1 sec
sec

1 payload
no one payload

no one

m
V V V a dt

m
⎛ ⎞

= + = + ⋅⎜ ⎟
⎝ ⎠

∫  

 
 
Payload 
 
The velocity of the payload after motor separation, V2,is calculated simply by: 
 

2V a dt= ⋅∫  
 
 
Results and discussion 
 
Speeds of the REXUS 5 rocket nosecone and payload after separation were calculated to 
be: 
 

• Nosecone speed: 4.0m/s 
• Payload speed: 2m/s 

 
These results together with data provided from SSC (Swedish Space Corporation) 
through the document “Separation speed of the REXUS nosecone and payload” [2] on 
the separation sequence of REXUS 7 and 8 are summarized in Table 2. The average 
points towards a nosecone speed of 4m/s and payload speed of 2m/s. The REXUS 7 
nosecone separation speed has here been completely disregarded from the average as the 
magnitude does not agree with the other results. Also when inspecting the acceleration 
data behind the result of REXUS 7 nosecone separation speed in ref [2] the peak 
acceleration seem to be way too small due to the low sampling rate of REXUS 7 
accelerometers.    
 

Rocket Nosecone Speed (m/s) Payload Speed (m/s)
REXUS 5 4 2
REXUS 7 2,4 1,8
REXUS 8 4 2,2

Average 4,0 2  
 

Table 2 – REXUS rockets nosecone and payload separation speeds. 
 



Results regarding the nosecone separation speed from REXUS 5 and 8 correspond very 
well to each other and seem feasible. The payload separation speeds vary a bit between 
the rockets but this is natural as they all have different payload masses.  
 
Due to the low sampling rate of the accelerometers in all rockets the acceleration peaks 
were probably not caught completely and thus the separation speeds could be a bit higher.  
  
Conclusions 
Concluding the ejection speed of the SQUID should be in the following span: 
 

2 < VFFU ≤ 3 (m/s) 
 
 

References 
[1] Eurolaunch, “rexus_5_campaign_report”, http://rexusbexus.net/, 2010-04-19 
 
[2] Mark Uitendaal, SSC, “Separation speed of the REXUS nosecone and payload”, 

2010-06-18  
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Cutter temperature test report

Gustav Casselbrant, David Bergman

July 14, 2010

Abstract

This document is intended as a reference for the SQUID rocket project which is a part of the
REXUS 9/10 program. The text describes the third and fourth test performed with the cutter. The
cutter is intended to be used for releasing the top cover of the SQUID FFU and thereby releasing the
parachute. The test shows that the cutter activation time is linear during different temperatures.

1 Cutter design

The design builds on a inner ceramic pipe which is made of a MACOR. Around the pipe a Kanthal wire
is twisted. When powered the wire will heat the pipe which in turn will work as an oven. The rope is
guided through the pipe and melts by the heat. The design also features a block made out of PEEK
surrounding the pipe, the block will both work as heat protection for other objects but also as a good
isolation, concentrating the heat to the pipe. To protect the wire from being short-circuited the pipe has
been threaded to guide the wire.

I

U

U

Figure 1: Ceramic pipe with threading, to the right schematics of the test set up.

2 Design of the tested cutter

The cutter that was tested is made of a 4 mm wide pipe with an inner hole diameter of 0.5 mm. The
pipe is surrounded by 17 turns of rope which in itself is 23.5 cm long. The pipe is also threaded on the
outside to help guiding the rope and to protect it from shortcutting. The resistance of the cutter was
measured to 7.2Ω. The tested cutter is shown in fig 2. The rope was a 0.35 mm wide dyneema rope.

3 Test method

The cutter were tested by connecting it to a power supply. The voltage over the cutter was measured
by a Fluke83 multimeter which was connected in parallel to the cutter. The current was measured by a
Fluke 87 multimeter which was connected in series with the cutter. The schematics of the test bench can
be seen in fig 1. The cutter was placed in a temperature chamber to control the ambient temperature.
The rope was first drawn through the cutter and was then attached in one end to a boom on the left
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Figure 2: Back view of the cutter, to the right side view of the same.

side of the cutter. The other end of the rope was drawn out from the chamber, through a hole, and then
pass through a block and finally attached to the rope roll which was locked in position. Between the
block and the roll a weight of 400 g was hanged from the rope. When current was applied the rope was
cut and dragged out of the chamber by the weight. The procedure was performed four times for each
temperature.

Figure 3: Setup in the chamber, to the right the setup outside the chamber.

4 Test results

T( C) t(s)

45 12.9

25 15.1

15 16.4

5 17.4

0 19.2

-5 18.4

-10 19.6

-15 21.3

-20 22.9

Table 1: Measured times for cutting the rope

Table 1 contains the mean value of measured times until the rope broke. The data in table 1 has
been transferred to figure4 where a linear fitted line also has been added. To complete the test a quick
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Figure 4: Cutting time depending on ambient temperature.

check was made on the result. The time of activation at 35 C was measured to 15.3 seconds. This is
about 1.6 seconds slower than the by the data above calculated 13.7 seconds.

5 Discussion

The figure in the results shows that the cutting time is linearly depending of the temperature. However
all measured times does not stick to the trend which is probably due to several different factors. Some of
the factors that were seen during the tests were: different voltage between tests, accuracy when measuring
time, different temperature due to different time betweens the tests, moisture within the chamber and
inconsistencies in the rope. With respect to these errors we can however state that the linear model
seems to describe the cutting time well and could therefore be used to decide a suitable time for cutter
activation for the drop test. However it would be wise to make new tests to map the dependency between
the applied voltage and cutting time. If both the voltage and the temperature factors are known it should
be possible to decide a suitable activation time for the launch.
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Abstract

This document is intended as a reference for the SQUID rocket project which is a part of the
REXUS 9/10 program. The text describes the third and fourth test performed with the cutter. The
cutter is intended to be used for releasing the top cover of the SQUID FFU and thereby releasing the
parachute. The test shows that the cutter activation time is linear during different temperatures.

1 Cutter design

The design builds on a inner ceramic pipe which is made of a MACOR. Around the pipe a Kanthal wire
is twisted. When powered the wire will heat the pipe which in turn will work as an oven. The rope is
guided through the pipe and melts by the heat. The design also features a block made out of PEEK
surrounding the pipe, the block will both work as heat protection for other objects but also as a good
isolation, concentrating the heat to the pipe. To protect the wire from being short-circuited the pipe has
been threaded to guide the wire.
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Figure 1: Ceramic pipe with threading, to the right schematics of the test set up.

2 Design of the tested cutter

The cutter that was tested is made of a 4 mm wide pipe with an inner hole diameter of 0.5 mm. The
pipe is surrounded by 17 turns of rope which in itself is 23.5 cm long. The pipe is also threaded on the
outside to help guiding the rope and to protect it from shortcutting. The resistance of the cutter was
measured to 7.2Ω. The tested cutter is shown in fig 2. The rope was a 0.35 mm wide dyneema rope.

3 Test method

The cutter were tested by connecting it to a power supply. The voltage over the cutter was measured
by a Fluke83 multimeter which was connected in parallel to the cutter. The current was measured by a
Fluke 87 multimeter which was connected in series with the cutter. The schematics of the test bench can
be seen in fig 1. The cutter was placed in a temperature chamber to control the ambient temperature.
The rope was first drawn through the cutter and was then attached in one end to a boom on the left
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Figure 2: Back view of the cutter, to the right side view of the same.

side of the cutter. The other end of the rope was drawn out from the chamber, through a hole, and then
pass through a block and finally attached to the rope roll which was locked in position. Between the
block and the roll a weight of 400 g was hanged from the rope. When current was applied the rope was
cut and dragged out of the chamber by the weight. The procedure was performed four times for each
temperature.

Figure 3: Setup in the chamber, to the right the setup outside the chamber.

4 Test results

T( C) t(s)

45 12.9

25 15.1

15 16.4

5 17.4

0 19.2

-5 18.4

-10 19.6

-15 21.3

-20 22.9

Table 1: Measured times for cutting the rope

Table 1 contains the mean value of measured times until the rope broke. The data in table 1 has
been transferred to figure4 where a linear fitted line also has been added. To complete the test a quick
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check was made on the result. The time of activation at 35 C was measured to 15.3 seconds. This is
about 1.6 seconds slower than the by the data above calculated 13.7 seconds.

5 Discussion

The figure in the results shows that the cutting time is linearly depending of the temperature. However
all measured times does not stick to the trend which is probably due to several different factors. Some of
the factors that were seen during the tests were: different voltage between tests, accuracy when measuring
time, different temperature due to different time betweens the tests, moisture within the chamber and
inconsistencies in the rope. With respect to these errors we can however state that the linear model
seems to describe the cutting time well and could therefore be used to decide a suitable time for cutter
activation for the drop test. However it would be wise to make new tests to map the dependency between
the applied voltage and cutting time. If both the voltage and the temperature factors are known it should
be possible to decide a suitable activation time for the launch.
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ovenCutter full test report

Gustav Casselbrant, David Bergman

2010-05-21

Abstract

This document is intended as a reference for the SQUID rocket project which is a part of the
REXUS 9/10 program. The text describes the first test made on the whole concept, thus including
all peek block, ceramic pipe and wire. The cutter is intended to be used for releasing the top cover of
the SQUID FFU and thereby releasing the parachute. The test shows that the cutter works flawlessly
under normal circumstances. The next test should be done during low temperature.

1 Cutter design

The design builds on a inner ceramic pipe which is made of a MACOR. Around the pipe a cantal wire
is twisted. When powered the wire will heat the pipe which in turn will work as an oven. The rope is
guided through the pipe and melts by the heat. The design also features a block made out of PEEK
surrounding the pipe, the block will both work as heat protection for other objects but also as a good
isolation, concentrating the heat to the pipe. To protect the wire from being short-circuited the pipe has
been threaded to guide the wire.
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U

Figure 1: T.t.l. Ceramic pipe with threading T.t.r. Schematics of the test set up.

2 Design of the tested cutter

The cutter that was tested is made of a 4 mm wide pipe with an inner hole diameter of 0.5 mm. The
pipe is surrounded by 17 loops of wire which in itself is 23,5 cm long. The pipe is also threaded on the
outside to help guiding the wire and to protect it from shortcutting. The resistance of the cutter was
measured to 7.2Ω. The tested cutter can be seen in fig 2. The rope was a 0.35 mm wide dyneema rope.

3 Test method

The cutter were tested by connecting it to a GW GPQ3020 power supply. The voltage over the cutter
was measured by a APPA 69 multimeter which was connected in parallel to the cutter. The current was
measured by a Fluke 87 multimeter which was connected in series with the cutter. The layout of the test
bench can be seen in fig 1 The rope was at each test drawn through the cutter before the power where
turned on and were then secured in each end. The time until the rope broke were measured in a series
of attempts. The set up of the test can be seen in figure 3
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Figure 2: T.t.l. Back view of the cutter t.t.r. sideview of the same.

Figure 3: T.t.l. Back view of the cutter t.t.r. sideview of the same.

4 Test results

Attempt U(V) I(mA) t(s)

1 6.84 977 14.2

2 8.84 977 12.7

3 7.01 977 12.3

4 6.96 976 12.6

5 6.98 976 12.8

6 6.98 977 12.8

7 6.97 977 12.5

8 7.00 976 13.0

9 7.01 976 13.2

10 7.00 976 11.9

11 7.00 976 12.7

mean 6.96 976 12.8

Table 1: Measured times for cutting the rope

Table 1 contains the measured times until the rope broke together with measured values of current
and voltage.

5 Discussion and conclusions

The cutting time are consistent from test to test, which proves that the time for cutting the rope is
reliable. To test the times for cutting the rope i real circumstances there will be a need of cooling the
cutter down. Therefor the recommendation is to test the cutter in a climate chamber.
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Pipe cutter test report

Gustav Casselbrant, David Bergman

2010-04-29

Abstract

This document is intended as a reference for the SQUID rocket project which is a part of the
REXUS 9/10 program.The text describes a short test made on a simple Cutter design. The cutter
is intended to be used for releasing the top cover of the SQUID FFU and thereby releasing the
parachute.

1 Cutter design

The design in itself is quite simple the idea is to have a inner ceramic pipe which should be made of
a material with good heat propagating properties. Around the pipe a cantal wire is twisted. When
powered the wire will heat the pipe which in turn will work as an oven. The rope is guided through the
pipe and will, if everything works as planned, melt by the heat. A simple sketch of the design can be
seen in 1. In this figure the surrounding block is also visible. The idea is to have a block made out of
PEEK surrounding the pipe, the block will both work as a heat protection for other objects but also as a
good isolation, concentrating the heat to the pipe. To protect the wire from being short-circuited either
the pipe or the block should be threaded to guide the wire.

Figure 1: T.t.l. Simple sketch of the cutter pipe design T.t.r. Close up of tested cutter.

2 Design of the tested cutter

The cutter that was tested is made of a 5 mm wide pipe with an inner hole diameter of 1.5 mm. The
pipe is surrounded by 22 loops of wire. The pipe is also threaded on the outside to help guiding the wire
and to protect it from shortcutting. The resistance of the cutter was measured to 10.4 ohm. the tested
cutter can be seen in fig 1. The rope was a 0.5 mm wide dyneema rope.

3 Test method

The cutter were tested by connecting it to a GW GPQ3020 power supply. The voltage over the cutter
was measured by a APPA 69 multimeter which was connected in parallel to the cutter. The current was
measured by a Fluke 87 multimeter which was connected in series with the cutter. The layout of the test
bench can be seen in fig 2 The rope was at each test drawn through the cutter before the power where
turned on and were then secured in each end. The time until the rope broke were measured in a series
of attempts.
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Figure 2: T.t.l. the schematics of the test bench.

4 Test results

The table 1 contains the meassured times until the rope broke together with meassured values of currrent
and voltage.

Attempt U(V) I(mA) t(s)

1 8.91 859 15.5

2 8.91 859 12.5

3 8.91 859 13.5

4 8.91 859 12.5

5 8.91 859 10.5

mean 8.91 859 12.9

Table 1: Measured times for cutting the rope

5 Test conclusions

The test shows that the concept works. The concept could probably be further optimized which would
improve the performance even further.

6 Discussion

The ”owen” cutter seems to be able to provide the cutting abilities required for the mission. Tests with
the prototype have shown that as long as the rope is inside of “owen”, no matter if it touches the walls
or not, the rope is cut after about 15 seconds in room temperature.

However it has come to light that when comparing the two types the main reason for choosing the
“owen” cutter would be out of a reliability perspective. Compared to the “resistor” cutter this is purely
designed to radiate heat in order to cut the rope while the resistor is not really designed to operate at
these temperatures. This means that even if the concept of using the resistor has been proven to work
the “owen” should be more reliable. A big advantage for the “owen” over the resistor would also be
the fact that the rope that is going to be cut will always be guided through the hole inside the heat
conducting tube. This means that even if the unit somehow breaks loose from the structure it will still
be clinging on to the rope with the connectors to the electronics intact which means the rope will be cut.

Regarding the energy required for the two types of cutters the “resistor” type requires less of it to
cut the rope. Also it cuts the rope in about 4-5 seconds after activation while the prototype “owen”
took between 14-20 seconds, which can probably be improved. This is clearly a big advantage for the
“resistor” cutter. Another big advantage for the “resistor” is the flexibility of changing the resistor if
another resistance should be required.
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The development time has been judged to be fairly equal for both of the concepts with perhaps a
slight advantage towards the “resistor” cutter due to previous in-house experience with this type. The
main argument for this consideration is that the “resistor” type is actually a modification of an existing
system which will require some development and testing and the “owen” type is a fairly new concept
with the same requirements. Tests will be required for both of the systems and these have been deemed
quite equal, both in number and in complexity. What mainly speaks for the “owen” type right now is
the passion in developing this type rather than the “resistor” type.

6.1 Conclusions

The decision is to continue the development of the ovenCutter.

7 Plan for the “Owen” cutter

This is a quick sketch of the plan of how to proceed with the development of the “owen” cutter unit.

1. Test the prototype with wolfram wire.

2. Evaluate and analyze the test.

3. Sketch the outer dimensions of the cutter.

4. Build prototype 2 with correct tube length and correct wire.

5. Test prototype.

6. Evaluate and analyze test.

7. Sketch the cutter.

8. Sketch how to attach and connect it.

9. Begin CAD of the cutter and start to investigate and choose materials.

10. Build prototype 3 of the complete cutter.

11. Test the prototype

12. Evaluate and analyze test.

13. Make corrections and modifications.

14. Finalize CAD.

15. Build the real cutter.

16. Validations and verifications of the cutter.

A realistic assessment is that the cutter prototype 3 with the following analysis and evaluations, at
least, should be finished and included in the CDR SED.
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Simplified motor controller

Gustav Casselbrant

May 26, 2010

Abstract

This report covers the result of a test of the simplified motor controller implemented to the
SQUID motor controller board. The document is intended as a reference for the SQUID rocket
project which is a part of the REXUS 9/10 program.

1 Introduction

Two drivers will be controlling the four motors which in their turn controls the deployment and retraction
of the four wirebooms attached to the FFU. Each of the two drivers contains two channels which will be
connected to two motors. Each channel of the drivers consists of one current controlling circuit. By serial
connecting the corresponding windings from the two motors to the channel the driver channel controls
the current flow in one of two phases. This means that the system is protected from unsymmetrical
disturbance due to motor failure. The current controlling drivers are in their part controlled by the
FPGA which follows a predefined time pattern required for making steps. The driving circuit is based on
similar designs developed for other projects at SPP. An H-bridge of MOSFET-transistors is controlled
by logic level signals and a current sensing circuit (see schematics in appendix). Depending on the
wanted direction of the current (Dir or Dir inv signals), one of the P channel transistors is open, while
the corresponding N channel transistor is periodically switched, turning off as the current reaches the
preset value (controlled by the reference voltage), and turning on again after a relaxation time. Thus,
the current through the winding should oscillate close to desired value.

The main target of the test was to test the dependency between the current flow in the windings and
the reference voltage. For the test only one side of the intended motor circuit where used, it can be seen
in fig 3 . The circuit schematics can be seen in the appendix there you can also see the declared names
used later in the report.

Figure 1: A picture of the tested motor controller
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2 Test method

The circuit board where connected to a GW GPQ3375 power supply. The voltages of the different inputs
can be seen in table 1 . The V ref where measured by a APPA69 multimeter and the current flow through
the motor where measured by a Fluke 87 multimeter. The motor used in the test where a Faulhaber
AM1524 A-0,25-12,5 stepper motor. There where also some small differences between the tested board
and the schematics in the appendix. The main differences are that R8//R9 has been changed to one
resistor with 8.6 ohm the diodes D1 has also been removed.

The main method of the test was to first measure the current flow in the motor with U ref changing
from 0-1.85 V with intervals of 50 mV. First the positive direction where measured and after that the
direction where changed and the measuring series where then repeated.

Name voltage (V) pos voltage (V) neg

Vpos 7.3 7.3

Dir 5 0

Dir inv 0 5

V log 5 5

V-ref - -

V neg 0 0

Table 1: Connected voltages during test

3 The Result

The result can be seen in figure 2. The figures contains the measured values which are marked by circles
as well as a dashed line which is a 5:th degree polynom fitted to the measured values.
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Figure 2: Measured curent through motor / U ref, t.t.l.Pos dir, t.t.r Neg dir

3.1 Discussion

The result of the measured current seems fine however there were some hassles with measuring the period
time of the 8:th output from the comparator. The frequency was not changed clearly by rising U ref,
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there was also some server flicker. To show this two figures have been included to the report see figure ??.
The first one was taken with 1.55 V reference, the Oscilloscope was set to 20µs/div and 1V/div . The
second was taken with 1.6 V reference voltage but with the Oscilloscope unchanged. The final frequency
at 1.85 was 19,230 HZ

Figure 3: T.t.l. U ref = 1.55V, t.t.r U ref = 1.6V.
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Dynamics of the FFU reentry

Mario Valle

July 13, 2010

Abstract

When the FFU reaches the apogee it will start falling down again to the earth, reaching extremely
high speeds. It is important to make sure that the vertical speed of the FFU is small enough when
the parachute is opened, in order to make sure that the landing system can withstand the shock.
This paper describes a simplified model developed to calculate the speed profile of the FFU during
reentry, providing useful data for the development and testing of the SQUID landing system.

1 Introduction

During the initial phase of the reentry, the FFU will fall down on an ambient that could be considered as
perfect vacuum. Under such conditions the aerodynamic drag will be very low, involving that the FFU
will reach extremely high vertical velocities. As the altitude decreases, the density of the atmosphere
will increase, and so will do the drag, slowing down the vertical velocity of the FFU.

As the FFU will deploy the parachute at an altitude of 6000m [2], it is important to know the speed at
that altitude, in order to estimate the shock that the parachute will have to withstand on its deployment.

2 Method

2.1 Hypothesis

The simulation of the reentry of a body on the atmosphere is very complex and one needs to make some
assumptions in order to simplify the problem. Most of the difficulties are related to the aerodynamics
during the reentry due to the high velocities involved. As the density of the atmosphere is extremely
low at high altitudes (around one million times smaller at 100km than at sea level [3]) supersonic veloc-
ities are reached during reentry [4] which will generate shock waves on the FFU. This effect will have a
relatively big impact on the aerodynamics due to the increase of the drag coefficient and high energetic
losses on supersonic regime [1].

However, the main purpose of this model is to obtain an approximate value of the velocity of the FFU
when the parachute is to be opened at 6000m. If one considers the flow to be isentropic and incompressible
(neglecting the effects of the increase on the drag coefficient and energetic losses) the velocities obtained
at 6000m will be bigger than the real ones, involving that the results obtained considering this assumption
will be conservative and an upper boundary of what one could expect on the reality.
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2.2 Dynamical model

If one neglects the drag induced by the wind, a free body falling down through the atmosphere will be
subjected to the gravity force (Fg) and the aerodynamic drag force (D). The drag force can be written
as [1]:

D =
1

2
ρ(h)ḣ2SCD (1)

Where h is the altitude in meters, ρ is the density of the atmosphere at an altitude h, S is a reference
surface and CD is the drag coefficient. From Newton’s third law one obtains:∑

F = mḧ (2)

Where m is the mass of the FFU. Plugging into 2 the gravity and the drag force one obtains:

mg − 1

2
ρ(h)ḣ2SCD = mḧ (3)

Which can be rewritten as:

ḧ = g − 1

2m
ρ(h)ḣ2SCD (4)

Where g is the gravity force, which due to its neglectable variation within altitudes between 0 and
100km (approximate apogee of the flight [4]), will be considered constant on this model. Once the second
order differential equation described in 4 is solved, one can derive the velocity of the FFU during its
reentry, but also the dynamic pressure as:

q =
1

2
ρ(h)ḣ2 (5)

The dynamic pressure will provide useful data for the parachute deployment tests carried out at sea
level. When performing the towing tests [5], it is interesting to make them at a speed that would provide
the same dynamical pressure as the one at 6000m. This velocity is easily calculated by equaling the
dynamic pressure at 6000m and at sea level (S.L):

q6000 =
1

2
ρS.Lv

2
S.L (6)

Obtaining:

vS.L =

√
2q6000
ρS.L

(7)

Even if the compressible effects have been neglected on this model, it can be still interesting to
calculate the Mach number in order to get an idea of how much time is the FFU in supersonic regime
during its reentry. The Mach number can be obtained as:

M =
ḣ√

γRgT (h)
(8)

Where γ is the adiabatic constant, Rg the gas constant and T is the temperature, which will vary
with altitude.
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2.3 Atmospheric model

The variation of the density with the altitude will have a big influence on the result of the calculation
as it will drive the deceleration of the FFU during the descent. From [3] one can obtain an atmospheric
model of the desired region at a desired date. For this calculation the average atmospheric conditions
on Kiruna for March 2000 have been considered, obtaining a density distribution as shown on Figure 1

Figure 1: Average atmospheric density over Kiruna

In the same way, an in order to calculate the Mach number of the FFU during its reentry one needs
to know the temperature change with altitude. This data can also be obtained from [3]:

Figure 2: Average atmospheric temperature over Kiruna
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3 Results

As the drag coefficient of the FFU has not been measured the results have been calculated for several
values of CD varying from 0.5 to 1.1 in all the cases. Also note that on the first results shown below, the
effect of the parachute has not been taken into account. Under such conditions, one can plot the vertical
velocity of the FFU, falling down from 100km of altitude [4]:

Figure 3: Vertical velocity of the FFU during reentry for different values of CD

One can see that the maximum value of the vertical velocity takes place at around 40000m, having
a strong dependency on the drag coefficient. However, when the FFU starts braking due to the friction
with the atmosphere, the difference is smaller, specially below 10000m, obtaining that at 6000m (altitude
at which the parachute will be opened), the following vertical velocities:

CD ḣ (m/s)
0.5 75
0.7 63
0.9 55
1.1 50

Table 1: Vertical velocity at h=6000m for different CD

In the same way, one can plot the dynamic pressure as defined in 5 for different values of CD, obtaining
the following curves:
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Figure 4: Dynamic pressure for different values of CD

From this calculations, and by using equation 7 one can calculate the velocity at sea level that would
provide the same dynamic pressure, by assuming an air density at sea level of ρS.L = 1.225kg/m3:

CD q (Pa) vS.L (m/s)
0.5 1854 55
0.7 1314 46
0.9 1018 41
1.1 830 36

Table 2: Dynamic pressure and velocity at sea level for different values of CD

If one now plots the Mach number for different drag coefficients, will obtain the following curves:

Figure 5: Mach number different values of CD

As one can see, the FFU goes supersonic only a few kilometers after starting reentry, and it goes
back to subsonic speeds at an altitude of around 20km.

In order to analyze the order of magnitude of the shock during the deployment of the parachute, one
can introduce on the model the effect of the deployment. For simplicity, it will be considered that the
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parachute opens and deploys instantaneously at 6000m. In such case, one obtains the following vertical
velocities:

Figure 6: Effect of the parachute on the vertical speed for different values of CD

As one can see, when the parachute is opened in all the cases the terminal velocity is reached
instantaneously, being in all the cases of around 9m/s. From [5] one can obtain that the time it takes to
the parachute to deploy is of about 2s. In order to get an idea of shock that the FFU has to withstand
when the parachute is deployed, one can divide the increment of the velocity by the time it takes to the
parachute to deploy, obtaining the value of the mean acceleration on that period of time:

a =
∆ḣ

∆t
(9)

Obtaining for the different drag coefficients the following results:

CD ∆ḣ (m/s) a (m/s2)
0.5 66 33
0.7 54 27
0.9 46 23
1.1 41 20.5

Table 3: Values of the shock acceleration for different values of CD

One can see that the maximum acceleration is of around 3.3 g’s. However, this value is a lower
boundary, as by this method one can only calculate the average value of the acceleration which will be
smaller than the peak acceleration achieved on the real scenario.

4 Conclusions

When looking at the results presented on this paper, one has to consider that the model has been very
simplified and do not represent an accurate image of the reality. However, the values obtained for the
vertical velocity, dynamic pressure and Mach number represent an upper boundary of the values that
can be achieved on the real case. It has been shown that during reentry sonic phenomena will be pre-
dominant, which have been neglected on this model. This phenomena however, will induce a higher drag
on the FFU and therefore the real vertical velocity will be smaller than the ones presented on this paper.

In the case of the shock induced by the deployment of the parachute however, is not possible to
develop a model that provides a reasonable upper boundary of this value due to the transient and highly
nonlinear behavior of the FFU during the deployment of the parachute.
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DCDC efficiency test

Gustav Casselbrant

August 2, 2010

Abstract

This document is intended as a reference for the SQUID rocket project which is a part of the
REXUS 9/10 program. The report is covers tests done on the DCDC converters with the first
boards delivered from the manufacturer. The tests was mainly made to measure the efficiency of
voltage conversion during realistic conditions. The results shows that the DCDC converters provides
a stable output wit the output currents of interest for each specific converter. They also shows that
the efficiency of each converter is within acceptable range. Finally the results effect on the power
budget in the SED is large but still the system has enough power to cover two days of recovery
during daylight conditions.

1 Introduction

The main objective for the test was to measure the efficiency of voltage conversion for the converters
soldered on the DCDC board which are supposed to be situated in the eBox. The measured converters
delivers 3.3, 5 ± 12V . To measure the efficiency as well as the voltage for different loads is of great
importance since these measurements can provide a more realistic estimation of the lifetime of the FFU.

2 Test method

The test was set up by connecting a power source to the Vpm node in the DCDC board, the output
of each converter was then during the measurement connected to a potentiometer. During each test
phase the input current and voltage to the DCDC board as well as the output current and voltage from
the converter in turn was measured. Measurements were taken for each 10 mA increase of the output
current. The setup is shown in figure 1. After all measurements had been taken the whole procedure
was repeated with −30 ◦C degrees conditions.

_
+
E DCDCuIn uOut

iIn iOut

Figure 1: A simple schematic of the test set up.

3 Results

The results for the measurements were used to calculate the output and input power thus allowing the
further calculation of the output efficiency. The result of these calculations can be seen in figure 2 while
the results for the voltage measurements in figure 3.
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Figure 2: Measured efficiency.
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Figure 3: Measured voltage change.

4 Discussion

In general one can say that the results of the tests shows that the DCDC board delivers the correct volt-
ages even if the efficiency grade is about 10% lower when compared to data given by the manufacturer.
The plots shows that the efficiency for lower loads is much lower compared to larger loads. In manufac-
turers plot the efficiency is lower at lower output current even if not as low as measured during the test
and the efficiency also tends to rise much quicker in the manufacturers plots. This is most probably a
result of the fact that the input current measurements includes all electronics on the DCDC board. If
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for example one would reduce the input current at minimum output current for the 5 V converter and
subtract this amount of current from all input values (which in this case means a subtraction of 5.45
mA) the efficiency increases with about 2.5 %. For the values measured at −30 ◦C it should also be
mentioned that these were made with a modified circuit where more components for other issues had
been included to the circuit increasing the used current with about 5 mA which in turn should mean
another 2 % decrease of efficiency for the converters.

During the tests some errors was found in the design and even if these were solvable it’s important
that these errors are changed in the design for the next delivery of boards. The first error found where
that the C1DC had been wrongly placed and should be moved to instead connect pins 1 and 8 of U2DC.
The second mistake was a lack of one capacitor of 10 nF in the +12 V converter which should be placed
between pins 8 and 5 of the U5DC converter.

3.3 V

As seen in the 3.3 V plot in figure 2 the efficiency when drawing 100 mA is about 75%. This is significantly
lower than the 85% measured by the manufacturer with 7.2 V input voltage. The converter delivers with
10% less efficiency when the temperature decreases to −30 ◦C and the efficiency was relatively unchanged
between the two measured input voltages, 7.4 V and 6.7 V.

The voltage delivered by the converter only drops about 0.1 V until the loads reaches about 160 mA.
If the converter is loaded with more than 160 mA the voltage drops significantly. Moreover the output
voltage is unaffected by temperature change and input voltage.

The maximum output current to be used by the 3.3 V components has been calculated to 149 mA.
Since this include a well over dimensioned consumption for the FPGA the result of the test shows that
the converter can provide sufficient voltage at the output current needed.

5 V

As seen in the 5 V plot in figure 2 the efficiency when drawing 300 mA of current is about 85%. This is
significantly lower than the 95% measured by the manufacturer with 7.2 V input voltage. The converter
delivers with 5% less when the temperature decreases to −30 ◦C and however the differences in efficiency
decreases when the load increases. The efficiency was relatively unchanged between the two measured
input voltages, 7.4 V and 6.7 V.

The voltage delivered by the converter only drops about 0.1 V until the loads reaches about 400 mA
which was the maximum load measured during the test. Moreover the output voltage is unaffected by
temperature change and input voltage.

The maximum output current needed for 5 V has been calculated to 221 mA. This about half of the
maximum output current measured during the test and therefore it can be stated that the 5 V system
has a good margin for operation.

12 V

As seen in the 12 V plot in figure 2 the efficiency when drawing 100 mA of current is about 80%. This is
significantly lower than the 90% measured by the manufacturer with 7.2 V input voltage. The converter
delivers with less than 10% lower efficiency when the temperature decreases to −30 ◦C and the efficiency
was relatively unchanged between the two measured input voltages, 7.4 V and 6.7 V.

The voltage delivered by the converter only drops about 0.05 V until the loads reaches about 160
m which was the maximum measured output current. Moreover the output voltage is unaffected by
temperature change and input voltage.

The maximum output current needed for 12 V has been calculated to 50 mA which is about a third
of the measured maximum. Therefore it can be stated that the 12 V system has a good margin for
operation.

-12 V

As seen in the -12 V plot in figure 2 the efficiency when drawing 100 mA of current is about 70%. This is
significantly lower than the 80% measured by the manufacturer with 7.2 V input voltage. The converter
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delivers with less than 5% lower efficiency when the temperature decreases to −30 ◦C and the efficiency
was relatively unchanged between the two measured input voltages, 7.4 V and 6.7 V.

The voltage delivered by the converter only drops about 0.2 V until the loads reaches about 180
m which was the maximum measured output current. Moreover the output voltage is unaffected by
temperature change and input voltage while the load is less than 50 mA. At 180 mA the maximum
voltage difference caused by different input voltage and temperature is about 0.1 V.

The maximum output current needed for -12 V has been calculated to 50 mA which is about a third
of the measured maximum. Therefore it can be stated that the -12 V system has a good margin for
operation.

Effect on total power budget

The result shown in this report affects the power budget dramatically. According to the SED the total
power that can be drawn from the internal batteries in the FFU is about 20.5 Wh based on the new
efficiency grades this means that the power remaining for the recovery phase decreases from 20 Wh to
18.7 Wh. The serious change is however that based on the low efficiency grades during lower output
currents the power used per hour while in recovery phase increases to 0.6 Wh which means that the total
lifetime of the recovery phase is reduced to about 31 hours.

August 2, 2010 4


	RX-SQUID_PDR_Remarks-02Feb10
	RX-SQUID_CDR_Remarks-09Jun10
	Sheet1
	Schematics final v
	1to10.pdf
	NSSB.pdf
	DCDC.pdf
	GSE.pdf
	MAIN.pdf
	RF.pdf
	SCALE.pdf
	SENSORS.pdf
	SMILE.pdf
	Umbilical.pdf
	Uniprobe_connectors.pdf

	SMILE_merged.pdf
	All_Schematics_new
	SMILE_layouts
	SMILE_VHDL


	Layout final v
	SQUID_pcb_sig1.pdf
	SQUID_pcb_sig2.pdf
	SQUID_pcb_sig3.pdf
	SQUID_pcb_sig4.pdf
	SQUID_pcb_sig5.pdf
	SQUID_pcb_sig6.pdf

	streamertestreport
	testresultsappendix

