
 

 

 

RX09-REMOS_SED-v5_0_pub_20140714.doc 

 

 

 

 

SED 

Student Experiment Documentation 

 

Document ID: RX-SED_REMOS-v5_0-12Jul11.doc 

 

Mission:REXUS 9 

 

Team Name:  REMOS 

 

Experiment Title: REcession MOnitoring System 

 

Team Name University 

Student Team Leader: Robert Wuseni Stuttgart 

Team Members: Christian Blank Stuttgart 

 Marcel Düring Stuttgart 

 Alena Probst Stuttgart 

 Serina Latzko Stuttgart 

 Salome Schweikle Stuttgart 

 Uwe Sauter Stuttgart 

 

Version: Issue Date: Document Type: Valid from: 

5.0 22 July 2014 Spec 10 July 2010 

 

Issued by: 

 

Experiment Scientist 

 

Approved by: 

 

Payload Manager 

 



- 2 - 

RX09-REMOS_SED-v5_0_pub_20140714.doc 

Change Record 

Version Date Changed chapters Remarks 

0 2008-12-18 New Version Blank Book 2010 

1 21.01.2010 all PDR 

2 

 

2.1 

 

25.05.2010 

 

26.06.2010 

3-6, 1.4.2 

 

2.4, 4.6.1, 4.9.5, 6, 
7.1,  A 

 

CDR  

Added PDR recommendations 

    

3 11.10.2010 5.3, 3.2, 3.3, 3.4, 
3.5, 4.4.2, 4.5.2, 
5.1, 5.3, A.C.3 

IPR 

3.1 21.11.2010 1.3, 1.4.2, 4.2.2, 
4.4.2, 4.7,  4.9, 5.1, 
5.3, 6.1, C.1, C.3 

Proof read small corrections, 
general actualization 

    

4 10.02.2011 3.2, 3.3.2, 4.4.2, 
6.3,  D 

Pre-Campaign 

5 12.07.2011 3.3.2, 3.5,  7,B Final report 

    

    

    

    

    

 

Abstract: 
REMOS stands for REcession MOnitoring System and will be the experiment 
in the nosecone of a REXUS rocket flying in February 2011. The goal of the 
REMOS project is to develop a system enabling in situ measurements of the 
thickness of ablative heat-shields of re-entry vehicles by means of monitoring 

ectric properties. It shall be tested during atmospheric re-
entry of the REXUS rocket in order to prove the system's applicability to 
future ablative thermal protection systems. 
During the down-leg of the REXUS trajectory, a probe consisting of ablator 
material will be exposed to the re-
loads is monitored using electrical and optical systems. When sensor 
material is ablated due to high thermal loads, the electrical properties of the 
sensor change, thus indicating how much of the shield was lost. A camera is 
foreseen for validation of the evaluated data being stored and transmitted to 
the ground-station directly.  
The REMOS team consists of students of aerospace engineering at the 
University of Stuttgart and is supported by the DLR in Stuttgart. 
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ABSTRACT 

 

 

REMOS stands for REcession MOnitoring System and will be the experiment 
in the nosecone of a REXUS rocket flying in February 2011. The goal of the 
REMOS project is to develop a system enabling in situ measurements of the 
thickness of ablative heat-shields of re-entry vehicles by means of monitoring 

 during atmospheric re-entry 
of the REXUS Rocket in order to prove the system's applicability to future 
ablative thermal protection systems. 
 
During the down-leg of the REXUS trajectory, a probe consisting of ablator 
material will be exposed to the re-entr
loads is monitored using electrical and optical systems. When sensor material 
is ablated due to high thermal loads, the electrical properties of the sensor 
change, thus indicating how much of the shield was lost. A camera is 
foreseen for validation of the evaluated data being stored and transmitted to 
the ground-station directly.  
 
Space vehicles require high-performance thermal protection systems (TPS) 
that provide high temperature insulation capability with low weight, high 
strength and reliable integration with the sub-structure. Damage or failure of 
TPS cannot be tolerated as its integrity before each launch and re-entry is 
essential to the success of the mission. Consequently, knowledge of the heat-
shield recession is important for the design of new reusable launch vehicles in 
order to reduce life-cycle cost, to increase safety margins and to improve 
mission reliability. 
 
The REMOS team consists of students of aerospace engineering at the 
University of Stuttgart and is supported by the DLR in Stuttgart. 
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1 INTRODUCTION 

1.1 Scientific/Technical Background 

Atmospheric re-entry is one of the most challenging tasks in the design of 

space missions as it requires a thermal protection system (TPS) that keeps 

the massive amount of h

on manned missions its passengers. 

To do so, many TPS use the concept of ablative cooling. This means that a 

heat-shield usually made from ceramic or carbon phenolic materials will char, 

melt and sublime by the process of pyrolysis because of the high thermal 

loads. Thereby a lot of thermal energy is going into chemical energy. 

Additionally, these processes influence the boundary layer of the re-entry flow 

and reduce the heat flux from the surrounding plasma to the re-entry vehicle. 

Ablative heat-shields are a proven and often used technology. The processes 

however, are still not very fully understood and heat-shield design is working 

with high safety margins leading to even heavier systems. 

One reason for oversized TPS is the small data basis on their real behaviour 

during the flight. Experimental setups like plasma wind tunnel tests are very 

expensive and can only partly simulate real conditions. 

 

Our idea is to develop and test a system that allows for measuring the 

recession rates of ablative heat-shields on a wide range of missions. 

This time-resolved data from the operational phase can then be coupled with 

other flight data. Together, they can then provide a valuable basis for 

redesigning existing systems and finding more sophisticated future ablative 

TPS. 

 

As temperatures during re-entry of the REXUS rocket will not be as high as 

for an (inter)planetary return mission, a different ablative material will be used. 

The main focus lies on the demonstration of the measuring principles and the 

measuring and monitoring system in realistic conditions. The probe material is 

comparable geometrical conditions. 
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1.2 Experiment Objectives 

 

Objective ID Objective Type Priority 

OBJ1 
To test a system for monitoring the change in 

thickness (recession) of an ablative heat-shield on the 
entire surface of the heat-shield 

scientific primary 

OBJ2 measure electrical material characteristics for 
monitoring the recession 

scientific 
 

primary 

OBJ3 Use video data for experiment verification technical primary 

OBJ4 Investigate the transferability to larger scales scientific secondary 

OBJ5 Gather video data for public relations usage other secondary 

Table 1-1: Experiment objectives 

1.3 Experiment Overview 

 

 

Figure 1-1: Experiment components 
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The REMOS experiment is located under the nosecone of the REXUS rocket. 
It consists of two main functional components: The probe and the monitoring 
system. The probe is attached to a boom in order to be in the less disturbed 
flow and contains the electrical sensor units. This boom is mechanically 
connected to a cylindrical support structure that protects the rest of the 
system. Inside are the two autonomous camera systems providing visual data 
of the probe through windows The central electronics for processing and 
storing the sensor data and controlling the system is also housed there and 
connected to the REXUS infrastructure. 

During the re-entry phase the system will be active and acquire, process, 
save and transmit sensor data providing information about the recession rate 
of the probe. 

 

Figure 1-2: REMOS Experiment configuration 

 

1.4 Team Details 

1.4.1 Contact Point 

 

Postal address: 

DLR Institute of Structures and Design  

Dr. Hannah Böhrk 

Pfaffenwaldring 38-40 

70569 Stuttgart 

 

E-Mail: 

Kontakt@remos-stuttgart.de Hannah.Boehrk@dlr.de 

 

Website: 

www.remos-stuttgart.de 
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1.4.2 Team Members 
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   - Space Station Design Workshop (SSDW), IRS Stuttgart 

REMOS position: - project management 

   - mechanical design 

 

Serina Latzko 

Studies:  - University of Stuttgart, aerospace engineering 
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Studies: - Galileo University Guatemala, (electronic) systems 
engineering 

 - University of Stuttgart, aerospace engineering 
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Other Experiences: - student assistant for EXPERT re-entry project at the 
University 

 - Space Station Design Workshop (SSDW), IRS Stuttgart 

REMOS position - onboard electronics 

 - onboard software 
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Christian Blank 

Studies:  - University of Stuttgart, aerospace engineering 
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Other Experiences: - student assistant at the institute of Space Systems 
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- Space Station Design Workshop 

REMOS position: - thermal analysis 

 - outreach  

 

Alena Probst 

Studies:  - University of Stuttgart, aerospace engineering 

Internships: - 5 months at EADS Astrium Satellites in Friedrichshafen; 
ProjectBepiColombo, an ESA satellite mission to Mercury 
in Phase B;Telemetry and Communication 

- 
Cologne; Basic Training Development and 
Implementation for the new ESA Astronaut Class 

 
Other Experiences: - student assistant at the Institute of Space Systems 

(IRS), University of Stuttgart 

 - Space Station Design Workshop 2009, Stuttgart 
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 - Outreach 

 - Risk Register 
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Studies: - University of Stuttgart, aerospace engineering 

 Final year subjects: aerodynamics, space systems 

Study thesis  - NASA Ames Research Center, Moffett Field, US 
Topic: Investigations of Methods to Influence      
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Internships:  - 6 month at Airbus GmbH, Toulouse 
   A380 Final Assembly Line 

Other Experience: - Space Station Design Workshop 2007,Sydney Australia 

 - Google Lunar X-Price Student Competition, France 

REMOS position: - ground support software 

 

Uwe Sauter 

Studies:  - University of Stuttgart, aerospace engineering 

Internships: - 6 month at EADS Elbe Flugzeugwerke GmbH, Dresden, 
material research 

Other Experiences: - student assistant at the Institute of Flight Mechanics and 
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programming, RC model maintenance 

- student assistant at the Institute of Aircraft Design (IFB), 
University of Stuttgart, X-Plane model creation 

- student assistant at the High Performance Computing 
Center Stuttgart (HLRS) of the University of Stuttgart,  

 

REMOS position: - MGSE  

 - Homepage  
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Figure 1-3: 4 Team members during final assembly in Stuttgart: Uwe Sauter, Marcel 
Düring, Serina Latzko, Robert Wuseni, Salome Schweikle, Christian Blank and Alena 
Probst (from left to right). 
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2 EXPERIMENT REQUIREMENTS 

 

2.1 Functional Requirements 

 

RQ ID Functional Requirements Derived from 

FRQ.01 
The sensing areas shall be integrated into the probe surface in such a 
way, that they act as part of the heat-shield 

OBJ1 

FRQ.02 
Electric resistance of the sensing elements shall be measured at 8 
locations during re-entry 

OBJ2, OBJ1 

FRQ.03* 

Electrical capacitance between the sensing elements shall be 
measured at 8 locations during re-entry 

(This requirement has been modified, since the design of the probe is 
too small for 16 sensors.) 

OBJ2,OBJ1 

FRQ.04* 

Temperatures on the Probe have to be measured at 8 locations during 
re-entry 

(This requirement has been modified, since the design of the probe is 
too small for 16 sensors.) 

Pre-tests 

FRQ.05 
A camera system including a recording device has to observe the 
degradation of the probe 

OBJ3, OBJ5 

FRQ.06 All measurement and housekeeping data has to be stored on board  

FRQ.07 
All measurement and housekeeping data has to be transmitted to the 
ground station  

 

FRQ.08 Housekeeping shall monitor the supply voltages  

FRQ.09 
Housekeeping shall monitor the voltages behind all switchable 
supplies 

 

FRQ.10 Housekeeping shall monitor the hard wired signals  

FRQ.11 All transmitted data packets must have a unique time indication  

FRQ.12 All data storages have to survive the landing impact  

FRQ.13 Circuits must be tolerant to a short-circuit  

Table 2-1: Functional requirements 

*requirement modified on 10.03.2010  
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2.2 Performance Requirements 

 

RQ ID Performance Requirements Derived from 

PRQ.01 
The capacitance measurements shall have a resolution of 0.1% of the 
initial value 

 

PRQ.02 
The resistance measurements shall have a resolution of 0.1% of the 
initial value 

 

PRQ.03 
The measured maximum initial probe resistances must not exceed 
500kOhms 

 

PRQ.04 
The measured minimum initial probe resistances must not be below 
5kOhms 

 

PRQ.05 
The measured maximum initial probe capacitances must not exceed 
1µF 

 

PRQ.06 
The measured minimum initial probe capacitance must not be below 
50pF 

 

PRQ.07 
The temperature measurements on the probe shall be possible in a 
range of -100 to 500 degree centigrade 

 

PRQ.08 
The temperature measurement on the probe shall be conducted with 
an accuracy within a range of +/- 2 degree centigrade 

 

PRQ.09 
The system voltages shall be monitored with a resolution equal to or 
greater than +/- 0,1V 

 

PRQ.10 All measurements have to be done at a rate of 10 Hz  

PRQ.11 The camera frame rate shall be equal to or higher than 10Hz  

Table 2-2: Performance requirements 

2.3 Design Requirements 

 

RQ ID Design Requirements Derived from 

DRQ.01 
The experiment shall be designed for the nose section of the REXUS 
rocket 

DLR 
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DRQ.02 The overall mechanical safety factor for structural failure is j=1.5  

DRQ.03 
The experiment shall be designed  to operate in the temperature 
profile of the REXUS rocket  (see appendix for details) 

RX User 
Manual 6.1 

DRQ.04 
The experiment shall be designed to operate in the vibration profile of 
the REXUS rocket  (see appendix for details) 

REXUS User 
Manual 

DRQ.05 
The experiment shall be designed to operate under the static 
acceleration loads of the REXUS rocket (see appendix for details) 

RX User 
Manual Chap. 
5.5.1 

DRQ.06 
For all 15l of empty volume, a venting hole with a diameter of 10mm 
has to be added. The hole has to be covered with a cap (see REXUS 
User Manual Chap. 5.4) 

RX User 
Manual 
Sec.5.4 

DRQ.07 
structure more than 10°C over the ambient ground temperature 

RX User 
Manual Chap. 
6.2.1 

DRQ.08 
close to or in contact with the feed-through cable to more than +70°C. 

RX User 
Manual Chap. 
6.2.2 

DRQ.09 
other modules to more than +50°C. 

RX User 
Manual Chap. 
6.2.3 

DRQ.10 
The heat transport by convection must be limited in such a way that 
the air temperature at the module interfaces does not exceed the 
ambient temperature by more than 10 °C. 

RX User 
Manual Chap. 
6.2.4 

DRQ.11 
The electrical connector interface shall comply with the RX User 
Manual Chapter 7.6.1 

RX User 
Manual Chap. 
7.6.1 

DRQ.12 
The experiment TM/TC interface shall comply with the RS422 
standard 

 

DRQ.13 
The TM/TC protocol shall use a baud rate of 38,4kbit/s; format: 8 bits, 
1stop bit, no parity 

RX User 
Manual Chap. 
7.6.2 

DRQ.14 The experiment shall operate from a power supply from 24V to 36V 
RX User 
Manual Chap. 
7.6.4 
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DRQ.15 
A short period peak power consumption shall not exceed 3 A on the 
RX power interface 

RX User 
Manual Chap. 
7.6.4 

DRQ.16 The continuous current consumption shall not exceed 1 A 
RX User 
Manual Chap. 
7.6.4 

DRQ.17 Optocouplers have to be used for the SODS, SOE and LO signals 
RX User 
Manual Chap. 
7.6.6 

DRQ.18 
A standard RS232 interface with 57.6kits/s, 8 data bits, 1 stop bit, no 
parity has to be used for the EGSE 

RX user 
Manual Chap. 
7.7 

DRQ.19 All power supply cables shall be twisted 
RX user 
Manual 7.11 

DRQ.20 Data cables shall be twisted 
RX user 
Manual 7.11 

DRQ.21 Cables outside electronics boxes shall be shielded 
RX user 
Manual 7.11 

DRQ.22 The experiment shall operate under vacuum conditions 
RX User 
Manual Chap 
9.1 

DRQ.23 
The experiment has to be designed in such a way, that it can be 
classified as a category B system or lower, according to Esrange 
Safety Manual 

Esrange 
Safety 
Manual 
Chap.5.2.4.2 

DRQ.24 No flammable adhesives shall be used 
Esrange 
Safety 
Manual 

Table 2-3: Design requirements 

 

2.4 Operational Requirements 

 

RQ ID Operational Requirements Derived From 

ORQ.01 The probe shall be covered after landing 
 

ORQ.02 The OB S/W shall be designed as a state machine  
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ORQ.03 Breakout boxes shall be supplied for all electrical connections  

ORQ.04 

The OB S/W shall have the capability to operate without ground 
support 
 

 

ORQ.05 
For each flight phase a dedicated S/W mode shall exist 
 

 

ORQ.06 
In a test mode all commands from GSE S/W shall be accepted 
 

 

ORQ.07 

In S/W modes, that are not the test mode, only mode change 
commands shall be accepted  (from SM only) 
 

 

ORQ.08 
The data time stamp shall be synchronized before launch 
 

 

ORQ.09 
The OB S/W shall be able to fly the mission only with the LO signal 
working 

 

ORQ.10 
At re-entry the angle of attack shall be normal to the probe with an 
angle of variation of +/- 30° 

 

Table 2-4: operational requirements 
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3 PROJECT PLANNING 

3.1 Work Breakdown Structure (WBS) 

The work is distributed among the team members in such a way, that every 
member acts as an expert in a special field. The fields are: 

 Project management 

 Outreach 

 Mechanics 

 Thermal 

 Electronics 

 GSE 

 Software 

To account for interdependencies, the work is broken down into single tasks. 

REMOS

WP1

Electronics

WP1.5

GSE

WP1.7

Probe

WP1.6

Project 

Management

WP1.1

Public Relations

WP1.2

Structures

WP1.3

Thermal

WP1.4

Concept Review

all

WP1.1.7

Long Lead Items 

Ordering

R. Wuseni

WP1.1.8

Objectives Review

all

WP1.1.6

Resources Review

R. Wuseni

WP1.1.3

Schedule Update

R. Wuseni

WP1.1.4

Scheduling

R. Wuseni

WP1.1.2

Travel Organisation

R. Wuseni

WP1.1.5

WBS

R. Wuseni

WP1.1.1

Final Homepage

C. Blank, others

WP1.2.4

Homepage Update

WP1.2.9

Organise 

Publications

C. Blank

WP1.2.5

Outreach Approach

C. Blank

WP1.2.1

Outreach Update

C. Blank

WP1.2.8

Preliminary 

Homepage

C. Blank

WP1.2.2

Presentations

C. Blank, all

WP1.2.3

Pupil Workshop

C. Blank, H. Böhrk

WP1.2.6

CDR Update

C. Blank

WP1.2.9.2

Flight Update

C. Blank

WP1.2.9.4

Intermediate Update

C. Blank

WP1.2.9.3

PDR Update

C. Blank

WP1.2.9.1

Results Update

C. Blank

WP1.2.9.5

Workshop Update

C. Blank

WP1.2.9.2

Contact Media

C. Blank, H. Böhrk

WP1.2.7

Software

 

WP1.8

 

Figure 3-1: WBS top-level 
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Structures

WP1.3

Derive Struct.

Requirements

R. Wuseni

WP1.3.1

Detailed Structure

Analysis 1

WP1.3.9

Modal Analysis 3

R. Wuseni

WP1.3.9.1

QSL Analysis 3

R. Wuseni

WP1.3.9.2

Random Response

Analysis 1

R. Wuseni

WP1.3.9.4

Sine Response

Analysis 1

R. Wuseni

WP1.3.9.3

Detailed Structure

Analysis 2

WP1.3.11

Modal Analysis 4

R. Wuseni

WP1.3.11.1

QSL Analysis 4

R. Wuseni

WP1.3.11.2

Random Response

Analysis 2

R. Wuseni

WP1.3.11.4

Sine Response
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Figure 3-2: WBS structures 
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Figure 3-3: WBS thermal 
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Figure 3-4: WBS electronics 
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Figure 3-5: WBS probe development 
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Figure 3-6: WBS GSE 
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Figure 3-7: WBS software 

3.2 Schedule 

The following chart shows a reduced schedule. The tasks have also been 

listed with their WBS Code. For a more complete schedule see 

REMOS_project_plan_20110209_A1.pdf 

(Last update: 08.02.2011) 
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Figure 3-8: Schedule part 1 

 

Figure 3-9: Schedule part 2 
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3.3 Resources 

3.3.1 Manpower 

Since the project is conducted in addition to regular university lectures, the 
workload is distribute in such a way, that the project can be performed by the 
six permanent team members with three to six hours per week.  

 

Team members: 

 Christian Blank 

 Serina Latzko 

 Salome Schweikle 

 Robert Wuseni 

 Marcel Düring 

 Alena Probst 

 Uwe Sauter 

 

Additional Help : 

 Hannah Böhrk 

 

3.3.2 Budget 
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Table 3-1: REMOS Budget 
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All costs for the experiment have been covered by REXUS/BEXUS. For all 
additional costs sponsorships have been acquired. 

 

3.3.3 External Support 

Sponsored homepage hosting Hostthenet (sitorixGmbH) 

Workshop DLR Stuttgart 

Test facilities IRS Uni Stuttgart (vac. chamber) 

DLR Stuttgart (shaker) 

IEH Uni Stuttgart (EMC- chamber) 

Financial Support DLR Stuttgart 

LBBW Bank Foundation 

Development hardware ATMEL  

Parts Bastlerzentrale Stuttgart 

Glass Fibre parts Fibre Pipe 

  

Table 3-2: Team support 

3.4 Outreach Approach 

 

The public outreach concept of the REMOS Project is organized in several 
phases  simultaneous to the overall project phases: 

 

Until February 2010 (A,B) Abstract, establish contact, logo, web 
design, operational website and mailing 
system 

C before CDR Website complete, Pupil workshop, first 
texts for print publications 

D  Media coverage, Documentation, also 
produce Stickers/ T-Shirts,... 

E During Mission operations Livestream, Blog, Newsletter 

F Post flight activity Paper at ESA Conference, EUROAVIA  

Table 3-3: Outreach timeline 
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Basis for contact and information is our website that consequently needs to be 
updated regularly. The structure as a wiki allows every team member to add 
news and update information very easily. 

The address is www.remos-stuttgart.de . This URL also provides E-mail 
functionality for every team member and contact addresses for functions 
within the team. 

An important point is documentation of our activities with pictures as well as 

people up to date with the project. 

 

Promotion at the University is done in close cooperation with the EXPLORE 

website). 

(www.yurisnight.de). We presented our experiments, offered a space quiz, 
models, a rocket building workshop and had a 1:1 printout of the REXUS 
rocket. The teams SQUID from Sweden and FOCUS from Munich also joined 
the public presentation. 

 

Additionally, a workshop with pupils in Stuttgart was organized in May 2010, 

this as an event and explained our experiment to them using our poster. (See 
Appendix B) 

 

February 2010: Article in Newsletter and on university website (see Appendix) 

 

 

 

 

Figure 3-10: Experiments for children 
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The integration progress can be followed on our website and facebook group. 

The launch campaign was also covered by blog posts, livestreams and a 
newsletter to the interested public. 

After the launch campaign, presentations at university institutes were given, 
summary articles for magazines and a paper for the ESA PAC Symposium 
was written. (see Appendix B). 
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3.5 Risk Register 

 

There are numerous risks to be monitored. They result in tests, safety 
measures and design decisions trying to minimize certain risks. 

They are put in the following categories: 

Table 3-4: Risk categories 

The P (probability) and S (severity) are determined following the following 
categories 
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Table 3-5: Risk register 

 

 

Retrospectively, risk monitoring and managing was a success for all risks but 
TC21. Electronics, Probe and GSE all worked flawlessly. Lower thermal loads 
were anticipated due to a lower apogee, but the probe material was not 
changed. Post flight thermal analysis showed that the predicted temperatures 
were quite realistic. 
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4 EXPERIMENT DESCRIPTION 

This section describes the experiment, including set-up, lay-out, wiring, and 
the according science as well as preliminary test results. 

 

4.1 Experiment Setup 

The core of the experiment is a 
cylindrical burn-off probe at the end 
of a ca. 200mm aluminium boom ex-
tending into the sonic shock in front 
of the vehicle after the nose cone is 
ejected. Because of the large shock 
radius of the rocket during the flat 
spin re-entry, the probe should be as 
distant as possible from the rocket to 
assure an unhindered flow onto the 
probe.  

The connection between the boom and the fibre glass tube will be form-fit and 
additionally radially screwed. The probe itself is attached to the substrate of 
fibre glass reinforced plastics on top of the aluminium boom (see figure 4-1). 
For attaching the probe to the fibre glass conduit, 32 slabs of conductive foam 
will be glued to 2x4 foam squares in a symmetrical order, as you can see in 
the picture. Here, it will be important 
how the foam is cut because it will be 
necessary that the opposite areas of 
foam are really parallel although the 
material describes a bending. 
Therefore it will be necessary to cut a 
bevel at these areas as otherwise the 

homogeneous. Between each of 
these foam slabs there will be thin 
ligaments out of Kapton foil which 
prevent contact serving as dielectric 
(displayed in green in figure 4-2). 

Eight thin film thermometers will 
additionally be glued beneath each probe segment as it is essential to know 
the temperature during flight to give an interpretation of the results afterwards. 

To provide for contact between the foam and the measurement wires, small 
bores will be drilled into the substrate so the copper contacts can be 
embedded which will be fixed to the foam using conductive adhesive with a 
high silver fraction. The measurement connections will also be glued to the 
copper contacts by conductive adhesive. 

 

Figure 4-2: Probe Head View 

 

Figure 4-1: Probe layout 

 



  Page 35 

 

 

RX09-REMOS_SED-v5_0_pub_20140714.doc 

4.1.1 Probe - mechanical Layout 

For the load of the probe the developing aside (fig. 4-3) 
is expected. The deflection was fixed at a value of 80g 
although it is not assumed this high during the flight. 
The length of the pipe is l=100mm, with g 10m/s² an 
acceleration of about a=800m/s² exists. In the following 
it will be calculated with a small diameter of d=35mm 
and a big one of D=40mm (fig. 4-4). The real Diameter 
of Dr=50mm is not used because if calculated with 
D=40mm the real value of the load is smaller than the 
calculated one.  

The force G, which affects the probe in 
the simulated case of a=800m/s², is given 
by  

 maG . (4.1) 

The mass m of the pipe is equal to 

 Vm . (4.2) 

With V=0,1dm³ and =2,3kg/dm the mass is m=0,23kg. From this it follows 
that the force is G=184N. 

The distributed load q is given by 

 lqG , (4.3) 

whereas G=184N is our calculated force and l=0,1m. With these values the 
distributed load q results in q=1840N/m. 

The maximum moment is given by 

 ²
2

1
qlM . (4.4) 

With l=0,1m as the length of the pipe and q=1840N/m as the acting distributed 
load on the pipe the moment is M=9,2Nm. 

With  

 e
I

M
, (4.5) 

and 

 
64

)( 44 dD
I , (4.6) 

the tension  within the probe is =3,54MPa, with I=5,2 10-8m4. 

 

Figure 4-4: Diameters 

 

 

Figure 4-3: Load developing 
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As can be seen in Schürmann, Helmut: Konstruieren mit Faser-Kunststoff-
Verbunden, Springer this value is much lower than the critical of =100MPa, 
where the elastic phase of glass fibre composites ends.  

 

After calculating the tension manually a quick check via ANSYS was done 
with nearly the same results. For the check an E-Module of 20000MPa and a 
density of 2300g/cm³ were declared. Furthermore an acceleration of 80g was 
set arbitrarily. A fixed bearing at the outer face of the thinner cylinder was 
defined. The picture below (fig. 4-5) shows the numerical grid and the 
maximum tension in the principle coordinate system, whereas the deformation 
is shown 1200fold. The result of 5MPa including the notch effect is still 
uncritical to fibre glass. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-3: Numerical grid & maximum tension 
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4.1.2 Electrical 

To monitor the change in capacitance and 
resistance of the probe while burning off 
during flight always two stripes of one foam 
square are connected on both ends, so the 
resistance can be measured over the 
length. The two other stripes will be 
responsible for the capacitance measure-
ment as can be seen in the picture. The two 
capacitors will be connected in series to 
increase the capacitance. For the 
capacitance measurement eight cables will 
be used; one on each segment of the probe, while there will be 16 cables for 
resistance and measurements. 

For every type of measurement, 
i.e. temperature, there will be 
used an own cable harness 
which will be shielded so the 

swayed.  

Each of the eight probe 
segments includes the same 
connection structure. Three 
electrical SUB-D 9pol plugs are 
foreseen for connecting the 
probe, one for the capacitance, 
one for the resistance and one 
for the temperature measure-
ment, as indicated by colour bars in figure 4-6. Every pin of one of the three 
plugs leads to another segment, whereas every other part-segment is 
connected to the capacitance and accordingly to the resistance measurement. 

ntial, which has 
the ninth pin on every plug. 

The temperature receiving element has its location in the centre of the 
segment. For protection against temperature, the cables will be insulated by 

2O3-wool against the metallic boom structure.  

 

 

 

Figure 4-5: Measurement Principle 

 

Figure 4-4: Probe Wiring 
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4.1.3 Science 

 

The specific electrical resistance  is a measure of how strongly a material 
opposes the flow of electric current. The electrical resistance R can then be 
given by 

 
A

l
R , (4.7) 

resistance i l is the length 
of the piece of material in m, 
and A is the cross-sectional 
area of the specimen in m².  

The thickness d of the material 
is respected in the Area A  

 bdA , (4.8) 

with width b. Decreasing thick-
ness d due to recession of the 
material results in increasing 
resistance as shown 
theoretically in figure 4-8.  

However, a temperature 
influence is expected on the 
resistivity. Future work is 
intended to identify the 
temperature coefficient  of the 
material. When the temperature 
is measured simultaneously, 
the thickness loss d can be 
identified. The influence on the 
resistivity is then 

 )1)(0( TT . (4.9) 

 

The capacitance of a parallel-plate capacitor constructed of two parallel plates 
both of area A separated by a distance d is approximately equal to 

 
dielectric

ro

b

A
C . (4.10) 
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Figure 4-6: Electrical resistance due to recession 
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Figure 4-7: Electrical capacitance due to recession 
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It can be determined if the geometry of the conductors and the dielectric 
properties of the insulator between the conductors are known or vice versa: 
the thickness can be identified when the capacitance is measured. The width 
of the dielectric b defines the distance of the conductor plates. It needs to be 
small for the measurement so that it has to be ensured that the dielectric 

ed, again, in the 
plate area A with A=dl according to fig. 4-9. Future work, is intended to 
double-check that no temperature influence occurs at capacity measurement. 

4.1.4 Preliminary testing 

 

To verify this construction preliminary tests were conducted. The results of the 
tests are presented below. 

After preheating the hot air gun, the probe was heated as steady as possible. 
Measurement was taken every 10s. At the test-setup, the resistance and 
capacitance measurement instruments were connected in parallel because 
the resistance measurement instrument was expected to change the 
capacitance measurement by a constant value. The camera was placed in a 
distance of about 50cm (see fig. 4-10). After 100s, a glowing in the centre of 
the probe was recognized probably caused by a contact of the probe with the 
thermometer which had fallen out of the probe just a couple of seconds 
before. It felt down because the ground plate deformed due to the heat. At an 
anew, forced touch of the probe with the thermometer the probe began to 
glow again. Ablation of the foam at this spot could be recognized, the 

role at the glowing process; in the next test it should eventually be closed and 
the hot air gun shou
The decreasing of the probe material during the ablation could not be 
detected by the camera. As can be seen in the drawing (fig. 4-12) the 

d a significant curve 
progression during the resistance measurement. At the following tests 
conductive silver-plated adhesive has been used to get a better connection 
with the probe. The results were as expected from literature. 

 

 

 

 

16 

46 

50 

(measured values) 

Fig. 4-11: Probe after the test 

Fig. 4-10: Camera distance 
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Figure 4-12: Burn test results 

 

4.2 Experiment Interfaces 

 

4.2.1 Mechanical 

The experiment is bolted to a disc-shaped launch adapter with 16 M3x20 
DIN912 screws. The launch adapter is bolted to the inner skirt of the 
nosecone eject mechanism from below. 

To keep hot gas from entering the entire rocket experiment section a gas- and 
heat-shield is mounted on top of the nosecone section, just below the nose 
jettison mechanism (see pictures below). Only a 1mm gap remains between 
the inner hole of the heat-shield and the experiments outer cylinder wall. 

A summary of the integration procedure is listed below. A detailed integration 
manual will be provided on delivery of the experiment. 

1.) Bring the cylinder and adapter ring into the right position below the 
nosecone section ring. Take care for the rotational orientation of the 
experiment (orientation mark). Insert the 16 M5 screws and tighten 
them to defined torque.  

2.) Turn around the assembly and mount the actual experiment from top 
side with M3 screws and given torque, again paying attention to the 
orientation.  

3.) Bring the heat-shield into position on the top-side of the nosecone 
section ring and mount it with M4 screws.  

4.) Integrate the entire section with the next experiment module  
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Figure 4-83: Nose section assembly 

 

 

Figure 4-9: Experiment in REXUS top cylinder 
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Figure 4-10: Launch adapter ring 

 

4.2.2 Electrical 

On top of the big central electronics box there is a standard SUB-D 15 pin 
connector. This is the main electrical interface to the REXUS service module, 

-REXUS_user_manual-v7_0-  
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Table 4-1: REXUS electrical interface 

Used signals and power timing: 

The LO-, SOE- and SODS- signals are used by the onboard software for 
determination of the operation mode. The signals shall have the following 
timing: (timings are taken from REXUS 3 as reference) 

Event T Desired Signal 

System check -300s Power=ON 

Launch 0 LO=ON (Liftoff signal on) 

Nosecone separation +60s SOE=ON (start of experiment) 

Start recording +150s SODS=ON (start of data storage) 

Before parachute 
deployment 

+300s SODS=OFF (stop of data storage) 

Landing 640s SOE=OFF (end of experiment) 

Experiment 
deactivation 

Landing + 3s up 
to recovery 

Power = OFF (all off) 

Table 4-2: Signal timing for experiment 
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Power consumption: 

Packet p
re

la
u
n
c
h

la
u
n

c
h

a
c
ti
v
a

ti
o

n

m
e
a

s
u
re

m
e
n
t

re
c
o
v
e
ry

OBDH 0,3 0,82 0,82 0,82 0,3

Measurement system 0 0 0,38 0,38 0

Camera system 0 0 4,5 4,5 0

PCDU 1,2 2 2 2 1,2

required power [W] 1,5 2,82 7,7 7,7 1,5

converter efficiency 0,8 0,8 0,8 0,8 0,8

total drawn pwr [W] 1,875 3,525 9,625 9,625 1,875

Measured pwr [W]} 1,4 1,456 3,36 3,64 1,4

Mission phases

 

Table 4-3: Experiment power budget 

 

 

Up-and Downlink: 

The data packets are laid out with respect to the recommendations of the 
REXUS User Manual. 

Packet name Direction max. Size [Byte] 

Telemetry  downlink 24 

Measurements 1 downlink 25 

Measurements 2 downlink 25 

Measurement 3 downlink 25 

Command uplink 10 

Table 4-4: telemetry packet summary 

If data is sent on the downlink, this will be done with the measurement update 
rate of 10Hz. 

Since all data packets are also stored in the experiment, no confirmation of 
packet reception is done. Uplink only is required on 300s prior to launch via 
the REXUS rocket umbilical for checkout. A maximum rate of 1Hz is 
assumed. 

The preliminary link budget is: 
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Link Budget
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Telemetry 18 10 10 10 10 10

Measurements 1 25 0 0 0 10 0

Measurements 2 25 0 0 0 10 0

Measurements 3 25 0 0 0 10 0

Commands 10 1 1 1 1 1

total downlink [bytes/s] 180 180 180 930 180

total uplink [bytes/s] 10 10 10 10 10

data rate in flight phase [Hz]

Mission phases

 

Table 4-5: Link budget 

 

4.2.3 Radio Frequencies (optional) 

No radio transmission device is used. 

 

4.2.4 Thermal (optional) 

No excessive active heat source is present. The only heat is produced by the 
electronics. This power of less than 28W is distributed to the entire surface of 
all three electronics boxes. At CDR level the electrical power consumption has 
dropped even below 10W. 
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4.3 Experiment Components 

 

4.4 Mechanical Design 

4.4.1 General Overview 

 

Figure 4-11: Nose section rendering 

The Experiment is built up symmetrically around the central REXUS axis. A 

launch adapter provides a reduction of the diameter to 230mm. 

 

On the launch adapter is 140 mm high ring section. 

The top of the ring section is covered with a plate with stiffeners. 

These two parts are the main structure of experiment. A heat-shield baffle has 

to be integrated on the top section, to prevent hot air from passing in-between 

the ring section and the nosecone ejection mechanism through the launch 

adapter. 

 

Inside the ring section, one big and two small electronics boxes are mounted 

to the top plate with standoffs for mechanical and heat decoupling. All 

electrical consumers (except for the re-entry probe) are installed in these 

three boxes. Holes are drilled through the top section below the small boxes 
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to provide an optical path for the cameras. The holes are covered with glass 

plates to keep out the hot air during the re-entry. 

 

On top of the top plate is a boom with a length of 300mm. The last 100mm of 

the boom are covered with the ablative material. This top section forms the re-

entry probe. 

Inside the boom is a harness embedded into thermal protection wool. 

There are no moving parts in the design! 

 

 

Figure 4-12: REMOS experiment rendering 

 

All technical drawings can be found in the appendix. 

 

4.4.2 Product Tree 
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P: present; I: integrated; O: ordered; -: skipped during review 

Table 4-6: REMOS product tree 

4.4.3 Structural Analysis 

For the structural analysis the REXUS User Manual has been reviewed. The 
contained flight data and the qualification test parameters are used as a basis 
for defining load cases. For CDR a static load equivalent was calculated from 
the static and dynamic loads and was used for quasi-static load simulations 
(QSL) and screw force calculations. A random-vibration analysis was 
simulated at acceptance level. The derived load cases and their origins are 
listed below: 

 

Used load cases: 

Load Case Load origin 

1 
56g axial/ 

 42g lateral 
launch acceleration + 

3*vibration loads 

2 

7g axial/ 
 7g lateral  

200°C 
re-entry deceleration + 1g 

vibration 

3 
6g random x 

20Hz- 2000Hz Launch vibration 

4 
6g random y 

20Hz- 2000Hz Launch vibration 

5 
6g random z 

20Hz- 2000Hz Launch vibration 

0 - Eigenvalue calculation 

Table 4-7: Load case summary 
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These loads have been applied onto a finite element model of the structural 
CDR design. All surface contacts are assumed as connected. The bolt 
interface of the launch adapter is assumed to be infinitely rigid.  

 

The screw forces and required mounting momentums were calculated with 
load case 1 and cross checked with load case 2. 

 

FEM Results, Load case 0 

In the table below the eigenfrequencies and the moving mass fraction of each 
frequency is listed. As can be seen, the frequencies with the highest amount 
of moving mass are in the range of 700Hz to 1000Hz. At the more dangerous 
frequencies from 220Hz to 700Hz the highest moving mass fraction only is 
13%. 
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Table 4-8: Eigenfrequency analysis results 
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FEM Results, Load case 1 

For the QSL results in x-direction, the highest stress level is 14.8 MPa. This 
stress is located in the reinforcements on the cylinder cover. 

A similar result can be found for QSL-Y. Here the stress is 14.3MPa. 

For QSL-Z, the maximum stress is 12.1 MPa. 

 

Figure 4-13: QSL results y   Figure 4-14: QSL results x 

 

Figure 4-15: QSL results z 
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Results screw calculation 

Table 4-9: Screw calculation results 

One value is below j=1.5. But the maximum temperature of 180K above 
assembly temperature is not realistic for the launch adapter interface. In 
previous flights the inner wall temperature never exceeded 100°C. For a 
temperature difference of 160°C the safety already rises above 1.5. 

 

The detailed calculations can be found in the appendix. 
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FEM Results, Random X 

 

Figure 4-16: Results random x 

 

Maximum value: 70MPa for probability distribution of 66.67%. 

For probability distribution 99.97% this results in 210MPa. 
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FEM Results, Random Y 

 

Figure 4-17: Results random y 

Maximum value: 68MPa for probability distribution of 66.67%. 

For probability distribution 99.97% this results in 204 MPa. 
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FEM Results, Random Z 

 

Figure 4-18: Results random z 

 

Maximum value: 10MPa for probability distribution of 66.67%. 

For probability distribution 99.97% this results in 30MPa. 
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4.5 Electronics Design 

All Electronics are distributed in three aluminium boxes, mounted to the 
inward side of the cylinder cover. The two smaller boxes contain the cameras. 
The big central box contains all major electronics. 

The electronics in the central box are distributed onto four PCBs, according to 
their function. 

PCBs: 

1. Power Conditioning and switching (PCDU) 

2. Onboard data handling (OBDH) 

3. Resistance and temperature measurement (R/T) 

4. Capacitance measurement (C) 

 

An integration protocol can be found in the appendix. 

4.5.1 Power Conditioning and switching (PCDU) 

Theory of operation: 

The 28V of the REXUS supply are fed to two switching regulators, which 
convert the REXUS supply voltage to an intermediate supply with 7 to 8 volts. 
For safety reasons, they are arranged in parallel and interlinked by two load-
equalizing resistors. From here on the power is distributed through post-
regulators and switches to the four PCBs. 

- A linear 1117 5V regulator supplies the OBDH PCB, as long as 
the REXUS power is switched on. 

- A MAX603 5V switchable linear regulator is the power supply to 
all analogue electronics and measurement circuitry. 

- The cameras are supplied through an additional MAX603. 

 

On the same PCB an evaluation circuit for a thermocouple is placed. It is used 
to measure the temperature of the undisturbed flow at the top of the 
experiment boom. Although it is a measurement circuit, it was added on this 
PCB, as there was no free space on any other PCB. 
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Schematic: 

 

Figure 4-19: PCDU schematic 
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PCB Design: 

 

Figure 4-20: PCDU PCB top 

 

Figure 4-21: PCDU PCB bottom 
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4.5.2 Onboard data handling (OBDH) 

Theory of operation: 

The main part of the OBDH is an ATMega164, an 8bit RISC microcontroller 
(MCU). All onboard software runs on this device. Connected to the MCU is a 
standard  

- RS422 interface, 

- three signal lines via optocouplers 

- a real time clock 

- an AT45DB161  data FLASH 

The OBDH PCB communicates with the other three PCBs via a serial SPI 
bus. For the addressing of the capacitance measurement PCB the SPI line 
signals are used for parallel 3bit addressing. 

In comparison to the PDR version the ADC has been removed from this board 
and added in situ to the R/C measurement board. This is a precaution in order 
to eliminate a potential single point failure.  

A simple temperature sensor for monitoring the temperature inside the 
electronics box also is connected to the internal ADC of the microcontroller. 

All supply voltages are monitored as well. 
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Schematic: 

 

 

Figure 4-22: OBDH schematic 
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PCB Design: 

 

Figure 4-23: OBDH PCB top 

 

Figure 4-24: OBDH PCB bottom 
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4.5.3 Resistance and temperature measurement (R/T) 

Theory of operation: 

All 8 resistance and temperature channels are connected to this PCB. 

The resistance channels are connected to the supply voltage via a resistor. 
When a resistance measurement is active, the desired channel is selected via 
a multiplexer. During a capacitance measurement, the resistor pins are pulled 
to ground via a transistor array, to avoid disturbances. 

Each temperature channel consists of a operational amplifier (OPAMP) and a 
precision voltage reference, which form a constant current source. The 
current is fed through Pt100 temperature sensors and the voltage drop across 
the sensor is amplified by a second OPAMP. 

The analogue voltages are fed to two A/D-converters with an SPI interface 
and a resolution of 12 bit.  
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Schematic: 

 

Figure 4-25: R/T schematic 
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PCB Design: 

 

Figure 4-26: R/T PCB top 

 

Figure 4-27: R/T bottom 
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4.5.4 Capacitance measurement (C) 

Theory of operation: 

For each capacitance channel a timing circuit and reference resistor is 
present. The capacitance on the probe form, together with the other parts, a 
mono stable RC-timer. According to the data sheet of the x556 timer, the high 
time of the circuit is 1.1*R*C. The desired channel can be selected by a 
multiplexer and a trigger pulse can be sent to start the high time. The resulting 
signal is rerouted to the OBC, where it is used as a gate signal for the internal 
high speed counter.  

First test results for a similar circuit can be found in Appendix C. 
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Schematic: 

Figure 4-28: C schematic 
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PCB Design: 

 

Figure 4-29: C PCB top 

 

Figure 4-30: C PCB bottom 
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4.5.5 Camera system 

The cameras are commercially available digital recording devices with a 
simple to use interface and low in size and mass. To verify the reliability of the 
cameras several investigations, including a thermal vacuum test, have been 
conducted prior to the beginning of the final design phase. 

Digital cameras: 

Two of these cameras are installed in aluminium boxes below the cylinder 
cover. The probe at the end of the boom is centered in the cameras fields of 
view. 

 

Camera Type:  ACME FlycamOne ECO 

Supply voltage.  5V 

Consumption:  70mA  

Storage device:  microSD 

Analogue output:  no 

Resolution:   VGA (640 x 480) 

Frame rate:   28fps 

Field of view:   53.2° 

Data rate:   0,5-1 MB/s  

 

Optional TV camera: 

An optional 3rd analogue TV camera can be mounted between the experiment 
cylinder and the outer REXUS cylinder. It is mounted to the heat-shield with 
an aluminium bracket. 

 

Camera Type:  WATEC 240VIVID 

Supply voltage:  6V 

Consumption:  170mA 

Storage device:  no 

Analogue output:  Composite video, 1Vpp (75 Ohms), PAL 

Resolution:   720 x 582 pixels, 480TV lines 

Frame rate:   (according to PAL standard) 

Field of view:   33,4° x 25,5° 
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The positions and fields of view of the three cameras can be seen in the 
illustrations below: 

 

Figure 4-31: Camera positions 

 

Figure 4-32: Field of view: digital cameras 
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Figure 4-33: Field of view: analogue TV camera 
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4.6 Thermal Design 

 

4.6.1 Thermal environment for electronics and structures 

 

Electronics and structural components need to stay within certain temperature 
limits. Exact flow and temperature conditions are not important to them as 
long as the limits are not exceeded. 

Ground operations: 

There are no liquids in the experiment and the temperature range of -30°C to 
30°C is manageable for all components. Long exposure to very low 
temperatures as well as humidity could provide some risk. 
 

Launch and flight in high atmospheric layers: 

During the launch phase the experiment is protected by the nosecone, which 
is separated at T = +60s. (Altitude: 57.3km). 

Heat from the outer structure (wall temperature of 110°C) may heat the 
nosecone adaptor but will not reach the electronics. 

After nosecone separation the thermal environment is cooling down to -
100°C, but gas density is below 6E-5 kg/m³ (p = 4Pa ) above 70km of altitude 
resulting in negligible heat transfer due to convection. Heat will be taken away 
by thermal radiation. 

We assume that during this phase of the flight (until T = +200s) the 
temperature of the structure will be equally distributed to max. 30°C. 

 

Atmospheric re-entry: 

As density and velocity increase, Mach numbers up to 3.5 occur during this 
phase and thermal loads increase considerably. 

 

 

Model for thermal loads: 

Starting at T = +200s wall temperatures of components exposed to the re-
entry flow are subjected to the thermal load profile for 150s. The temperatures 
are the mean value of Tw at 0° and Tw at 60°. The minimum temperature is 0° 
and from T = +300s to T = 350s it rises from 0°C to 10°C. (See table 4-34) 
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Figure 4-34: Thermal load profile 

 

After T=+300s the rocket is falling with Ma<1, entering dense and cold 
atmospheric layers (altitude <9km). The structure is cooled by convection and 
finally reaches thermal equilibrium with the ambient temperature after landing.  

 

Based on these assumptions, a thermal simulation has been carried out in an 
adiabatic environment without convection. Only the surface temperatures of 
the big upper surfaces are boundary conditions, because the lower part of the 
structure is protected against the re-entry flow from the sides by a sheet metal 
plate. Although the flow is only coming from one direction, the total 
circumference is exposed to these temperatures, whereas only a part of the 
cylinder cover is subjected to the same load because lower temperatures are 
expected there (larger radius, less exposure). 

This assumption will overestimate thermal loads as maximum temperatures 
will only be reached on the side facing the flow and not on the entire circular 
structure. 

 

Figure 4-35: Surfaces subjected to thermal load profile 

 

Results of thermal simulations: 
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Figure 4-36: T=+240s: Probe and boom heated, structure still cold 

 

 

Figure 4-37: T=+260s, Peak thermal load, cylindrical cover at 140  200°C 
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Figure 4-38: T=+280s, peak temperatures at camera boxes, thermal insulation via 
titanium distance pins to electronic box is very effective. 

 

 

 

 

Figure 4-39: Cameras at T = +280s 
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Figure 4-40: Entire Structure at T = +300s 

 

 Adaptor ring will additionally be heated from rocket structure, but this will not 
influence electronics temperatures. 

 

 

 

Figure 4-41: T=+320s 
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Figure 4-42: Electronics box and cover at T = +320s 

 

 

Figure 4-43: Measuring cards at T = +320s 
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Figure 4-44: Electronics box temperatures. Red: maximum, blue: minimum trend. 
Timescale actually starting at +200s.  

 

Maximum temperatures for electronics inside box from T=+200s to T = +350s 

 

 

Figure 4-45: Camera box temperatures. Red: maximum, blue: minimum trend. 
Timescale actually starting at +200s. Maximum Temperatures for Cameras from 
T=+200s to T = +350s 

 

maximum. This contribution is negligible for thermal calculations. Cold 
conditions before launch should not affect electronics. 
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Thermal loads are not a structural problem. Additional heat insulation for 
camera boxes is realized through GFRP spacers and glass windows.  

4.6.2 Thermal environment for the probe 

 

Thermal conditions around the probe during the re-entry phase are critical for 
the success of the experiment. They have a strong influence on the probe 
material selection and should be well monitored during the actual experiment 
in order to be able to draw proper conclusions from the other measurement 
data.  

The shock distance  of the detached shock before a cylinder with the 
equivalent nose radius of 0.3m has been calculated. 

 

Probe temperatures for a spherical adiabatic probe with a diameter of 0.06m 
were calculated on the basis of a semi-empirical heat-flux model: 

 

 

 

 

Where the 30° and 60° temperatures are calculated using the model for a 
tilted plate. 

proposed by Tauber [1] 

 

 

 

This flux is in equilibrium with the radiative flux T4 . It is solved for the wall 
temperature Tw at angles of attack of 0° (stagnation point model), 30° and 60°. 
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tsim is the mean value of Tw at 0° and 60° representing the average 
temperature at the probe in °C used for thermal simulations. (thermal load 
profile (fig. 4-37). 

 

T Altitude velocity Ma T0 
gas 

density Tas Tw0° Tw  30° Tw 60° tsim 

[s] [km] [m/s] [-] [K] [kg/m^3] [K] [K] [K] [K] [°C] [m] 

200 84.0 540 1.853 211 7.53E-06 331.75 261.53 219.94 219.41 0.00 0.11 

210 79.0 625 2.125 215 1.62E-05 386.68 301.02 234.39 233.30 0.00 0.09 

220 72.5 690 2.308 222 4.24E-05 435.01 347.48 257.45 255.68 28.43 0.08 

230 66.0 800 2.607 234 1.04E-04 527.07 422.20 298.93 296.14 86.02 0.07 

240 57.5 890 2.809 250 3.18E-04 615.18 507.10 353.58 349.73 155.27 0.06 

250 48.5 980 3.022 262 9.87E-04 701.09 602.84 420.07 415.09 235.82 0.06 

260 38.0 1060 3.379 245 4.19E-03 734.70 698.86 502.05 495.95 324.26 0.06 

270 27.5 1055 3.616 212 2.33E-02 703.18 717.54 562.90 556.99 364.11 0.05 

280 19.0 800 2.763 209 9.45E-02 502.10 517.12 458.63 455.56 213.19 0.07 

290 12.5 500 1.709 213 2.64E-01 312.30 335.15 317.10 315.97 52.41 0.13 

300 9.0 360 1.214 219 4.47E-01 248.07 281.64 269.95 269.23 0.00 0.39 

            

            

Tas Gas temperature after normal adiabatic shock       

Tw Wall temperature of an adiabatic spherical probe, eps = 0,8, R =0,03m     

 calculated with semi-empirical model by       

Shock distance before a spherical nose with R = 0,3m      

Figure 4-46: Thermal environment 

 

These calculations show that the shock caused by the body of the rocket 
should not interfere too much with the probe at the top of the boom. 

 

Probe temperatures peak at 360°C and exceed 100°C for about 50s 
(T=+230s to T= 280s). This should allow for proper thermal conditions for 
ablation of the probe material. 
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4.7 Power System 

 

For this experiment the REXUS service module is the only source for 

electrical power. The overall safety factor is j=1.5. The power consuming 

systems are: 

 

System 
min. load 

[mW] 

max. load 

[mW] 

Power control and distribution (PCDU) 1400 2054 

Onboard computer (OBC) 370 822 

Measurement system (RCTM) 0 358 

Camera system (CAM) 0 4500 

Table 4-10: Power consumption envelope 

The systems are switched on and off according to chapter 4.2.2, section 

ower consumption per flight phase is calculated in the 

next table. 

 

flight phase 
used 

systems 

calc. power 

consumption 

[mW] 

meas. power 

consumption 

[mW] 

maximum 

duration of 

phase [s] 

pre launch 
PCDU min. 

OBC min. 
1770 

1400 
180 

launch 
PCDU min. 

OBC max. 
2222 

1456 
60 

activation 

PCDU max. 

OBC max. 

CAM 

7376 

3360 

90 

measurement 

PCDU max. 

OBC max. 

CAM 

RCTM 

7734 

3640 

150 

recovery 
PCDU min. 

OBC min. 
1770 

0 
3600 

Table 4-11: Power consumption by flight phase 

Considering a DC/DC converter efficiency of 0.8 and a REXUS main bus 

voltage of 28 V a total of 0,108 Ah is consumed from the REXUS battery. 
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4.8 Onboard Software Design 

The onboard software is written in C. As a development platform GCC for 
AVR controllers in combination with ATMELs free development studio 
AVRStudio v4.16 is used. 

 

The onboard software is designed as a state machine. For each phase of the 
flight there is a dedicated state mode. The transition from one state to another 
is controlled via interrupts triggered by the signals from the REXUS service 
module. An additional test mode exists for ground testing purposes. In the test 
mode all existing S/W functions can be executed separately upon request. It 
can only be entered from the safe mode. The functionality of the other modes 
is composed from the executable functions mentioned in the following. The 

state flow diagram can be 
seen below. 

 

The core of the mode 
handling is the mode finder. 
It is called after every action 
or reset as well as by an 
interrupt resulting from a 
timer overflow. Each time 
the mode evaluation is 
executed, it determines 
which mode should be 
executed from the stored 
status values. These can be 
modified by a background 
thread invoked by a REXUS 
SM signal change as 
mentioned above. Once the 
mode is determined all 
required sub-functions 
associated to it are 
executed. Three essential 
procedures take place in 
each cycle of execution, 

which is: mode evaluation, status storage and watchdog reset. The status 
storage does not refer to all status parameters, but only those that change 
with each cycle, such as the flash memory counter. They are being stored in 
the external RAM of the onboard clock circuit because it has an own small 

-purpose RAM even in case 

Figure 4-47: State machine 
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of severe malfunctions. This is to ensure that any data collected will not be 
overwritten in any case.  

The generalized S/W flowcharts are shown in the next figures. Also the serial 
data handling that is performed in background by interrupts is shown. 

4.8.1 Modes (threads)  

 

Figure 4-48: Onboard S/W flowchart 
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4.8.2 Serial data handling 

UART new data

interrupt

Is a reception in

progress ?

Append data to

buffer

Reset RS422

timeout

Select empty

buffer

Decrease length

counter

End of

message ?

Compare CRC

Message

 valid ?

Flush buffer

Mark buffer as

finished

Sync counter

 > 0 ?

Yes

Decrease sync

counter
Init sync counter

No

Yes

No

Return

Yes Yes

No

No

UART ready to

send interrupt

Return

Buffer ready

 to send ?

Transmit Byte

Increase index

counter

Deactivate

Transmitter

Yes

No

End of

Message?

Init 3ms delay

Mark Buffer as

finished

 

Figure 4-49: Data transmission flowchart 

 

 

4.8.3 Required Storage Volume 

The required storage volume can be calculated from the transmitt
rate. The total mission duration including tests and pre-flight is assumed to be 
1 hour. Since the transmission overhead is not stored, the effective maximum 
memory data rate reduces to 580 bytes/s with a time share of 0.4. The 
minimal rate is 100bytes/s with a time share of 0.6. 
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The required storage volume would be 580 byte/s * 3600s * 0.4+100bytes/s * 
3600s * 0.6 =1015200 bytes 

The next larger storage size available is 16Mbit, which is nearly double of the 
required size. 

 

4.8.4 Data Structure 

All up- and downlink data has the following structure: 

 sync   2 byte 

 length   1 byte 

 time stamp  3 byte 

 ID   1 byte 

 data   10 to 16 bytes 

 CRC   2 byte 

 

All data packets are followed by a 3ms delay time. 

A summary of the required bandwidth can be found in 4.2.2. 

 
 
 
 

4.9 Ground Control Software 

 

The software described here is designed to maintain communication and data 
transmission between the REMOS onboard experiment and the Ground 
Control at Esrange during experiment preparation and launch. 

 

Esrange Ground Interface 

Esrange provides an electrical supply and the telemetry interface. A standard 
serial interface is used for the downlink. The uplink is only available during 
preparation phase. The data content is described below. The timing between 
the packages might vary due to data multiplexing in the REXUS service 
module. 
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Protocol Definition 

The protocol covers the communication between the experiment and the 
ground control and vice versa. The connection and the data transmission 
depend on the operation mode of the experiment. 

 

Link: Experiment to Ground Control 

The REMOS experiment is able to send four types of data packages. Three 
packages containing experiment data and one for status information. The 
structure of the packages is listed in the tables below. 

 

Status Message 

Byte Function HEX value Information 

1 Sync 1 0xCC  

2 Sync 2 0xAA  

3 Packet length 0x18  

4 Packet type 0x53  

5 Timestamp  Bit 0-3: hundredth of seconds 
Bit 4-7: tenth of seconds 

6 Bit 0-3: seconds 
Bit 4-6: 10 seconds 

 

7 Bit 0-3: minutes 
Bit 4-6: 10 minutes 
Bit 7:  0 

8 Status 1 0x00  
0xFF 

Bit 0: Lift-Off Signal (LO) 
Bit 1: Start Of Experiment (SOE) 
Bit 2: Start Of Data Storage (SODS) 
Bit 3: test mode indicator 
Bit 4: camera 1 indicator 
Bit 5: camera 2 indicator 
Bit 6: sensor power indicator 
Bit 7: camera power indicator 

9 Status2 0x00  
0x3F 

Bit 0: temperature sensors recording 
Bit 1: resistance sensors recording 
Bit 2: capacitance sensors recording 
Bit 3: temperature data transmitting 
Bit 4: resistance data transmitting 
Bit 5: capacitance data transmitting 
Bit 6: flash reading 

10 SW-Mode          0 / 1:  standby mode 
    14 / 15:  camera mode 
240 / 241:  record mode 
254 / 255:  test mode 
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Last bit shows mode integrity 

11 Page Pointer  0x0000   
0x0FFF 

 

12 

13 Frame Pointer 0x0000- 
0x0210 

 

14 

15 28V Supply 0x00
0xFF 

voltage = value * const1 

16 5V System 0x00-0xFF voltage = value * const2 

17 5V Sensors 0x00-0xFF voltage = value * const3 

18 5V Cameras 0x00-0xFF voltage = value * const4 

19 Electr. Temp. 0x00-0xFF Temperature = 2. Order Polynomial 
interpolation 

20 Gas 
temperature 

0x0000  
0x3FFF 

Temperature = value * 0.25°C 
In case of an error: FFFF 21 

22 Com confirm 0x00 or 
0xFF 

Last executed command 

23 CRC 
Checksum 

0x0000  
0xFFFF 

 

24 

Table 4-12: Structure of the status message 

Binary Code Decimal Value  SW Mode 

0 0 0 0 0 0 0 X 0, 1  Stby 

0 0 0 0 1 1 1 X 14, 15  Cam 

1 1 1 0 0 0 0 X 240, 241  Rec 

1 1 1 1 1 1 1 X 254, 255  Test 

X X X X X X X (0/1) (LSB)  Mode integrity 
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Table 4-13: Software mode byte breakdown 

Temperature Message 

Byte Function HEX value Information 

1 Sync 1 0xCC  

2 Sync 2 0xAA  

3 Packet length 0x19  

4 Packet type 0x54  

5 Timestamp  Bit 0-3: hundredth of seconds 
Bit 4-7: tenth of seconds 

6 Bit 0-3: seconds 
Bit 4-6: 10 seconds 

 

7 Bit 0-3: minutes 
Bit 4-6: 10 minutes 
Bit 7: 0 

8 Temp 1 0x0000- 
0x0FFF 

Temperature = value *const1  const2 

9 

10 Temp 2 0x0000- 
0x0FFF 

Temperature = value *const1  const2 

11 

12 Temp 3 0x0000- 
0x0FFF 

Temperature = value *const1  const2 

13 

14 Temp 4 0x0000- 
0x0FFF 

Temperature = value *const1  const2 

15 

16 Temp 5 0x0000- 
0x0FFF 

Temperature = value *const1  const2 

17 

18 Temp 6 0x0000- 
0x0FFF 

Temperature = value *const1  const2 

19 

20 Temp 7 0x0000- 
0x0FFF 

Temperature = value *const1  const2 

21 

22 Temp 8 0x0000- 
0x0FFF 

Temperature = value *const1  const2 

23 

24 CRC 
Checksum 

0x0000- 
0xFFFF 

see above 

25 

Table 4-14: Structure of the temperature message 

 

Resistor Message 

Byte Function HEX value Information 

1 Sync 1 0xCC  

2 Sync 2 0xAA  

3 Packet length 0x19  

4 Packet type 0x52  

5 Timestamp  Bit 0-3: hundredth of seconds 
Bit 4-7: tenth of seconds 
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6 Bit 0-3: seconds 
Bit 4-6: 10 seconds 

 

7 Bit 0-3: minutes 
Bit 4-6: 10 minutes 
Bit 7: 0 

8 R 1 0x0000- 
0x0FFF 

 

9 

10 R 2 0x0000- 
0x0FFF 

 

11 

12 R 3 0x0000- 
0x0FFF 

 

13 

14 R 4 0x0000- 
0x0FFF 

 

15 

16 R 5 0x0000- 
0x0FFF 

 

17 

18 R 6 0x0000- 
0x0FFF 

 

19 

20 R 7 0x0000- 
0x0FFF 

 

21 

22 R 8 0x0000- 
0x0FFF 

 

23 

24 CRC 
Checksum 

0x0000- 
0xFFFF 

See above 

25 

Table 4-15: Structure of the resistor message 

 

Capacity Message 

Byte Function HEX value Information 

1 Sync 1 0xCC  

2 Sync 2 0xAA  

3 Packet length 0x19  

4 Packet type 0x43 according to ASCII code 

5 Timestamp  Bit 0-3: hundredth of seconds 
Bit 4-7: tenth of seconds 

6 Bit 0-3: seconds 
Bit 4-6: 10 seconds 

 

7 Bit 0-3: minutes 
Bit 4-6: 10 minutes 
Bit 7: 0 

8 R 1 0x0000- 
0xFFFF 

 

9 

10 R 2 0x0000-  
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11 0xFFFF 

12 R 3 0x0000- 
0xFFFF 

 

13 

14 R 4 0x0000- 
0xFFFF 

 

15 

16 R 5 0x0000- 
0xFFFF 

 

17 

18 R 6 0x0000- 
0xFFFF 

 

19 

20 R 7 0x0000- 
0xFFFF 

 

21 

22 R 8 0x0000- 
0xFFFF 

 

23 

24 CRC 
Checksum 

0x0000- 
0xFFFF 

see above 

25 

Table 4-16: Structure of the capacity message 

 

Link: Ground Control to Experiment 

This link is only used during the pre-flight operations for tests. The experiment 
has to be in safe or test mode to receive and handle the data. Switch to test 
mode is the only command accepted in safe mode, all other commands has to 
be executed in test mode.  

 

Commands during test mode: 

Byte Function HEX value Information 

1 Sync 1 0xCC  

2 Sync 2 0xAA  

3 Packet length 0x5-0x19  

4 Packet type 0x43 according to ASCII code 

5 Command See table 
below 

 

6-23 Additional 
required data 
and CRC 

-  

Table 4-17: Structure of a command 

 

Command Bin Value HEX 
Value 

Additional Bytes Comment 

Exit Testmode 11111111 0xFF   

FLASH Read 0001 0011 0x13   

FLASH delete 0001 0000 0x10 2, as command Need to be sent three 
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byte times 

FLASH reset 
pointers 

0001 0110 0x16   

FLASH set 
pointers 

0001 1100 0x1C 4, as status 11-14   

Clock reset 0110 1100 0x6C   

Clock set 0110 0011 0x63 3, as status 5-7   

CAMs ON 0011 1111 0x3F   

CAMs OFF 0011 0000 0x30   

Record R 1100 01 11 0xC7   

Record T 1100 10 11 0xCB   

Record C 1100 11 11 0xCF   

Transmit R 1010 0111 0xA7   

Transmit T 1010 1011 0xAB   

Transmit C 1010 1111 0xAF   

Stop Recording 
R 

1100 0100 0xC4   

Stop Recording 
T 

1100 1000 0xC8   

Stop Recording 
C 

1100 1100 0xCC   

Stop 
Transmission R 

1010 0100 0xA4   

Stop 
Transmission T 

1010 1000 0xA8   

Stop 
Transmission C 

1010 1100 0xAC   

Table 4-18: Possible commands in test mode 

 

Software Structure 

The ground control software has only two modes, the flight mode and the test 
mode. The operations in each mode are: 

 

Flight mode 

 Continuous acquisition of data from downlink channel 

 Handle corrupted packages and possible connection losses 

 

Test mode (pre-flight mode) 

 Sending commands to experiment (uplink) 

 Run of test procedures 
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 System calibration 

 

 

 

 

 

The generalized software structure is shown below. 

downlink 

uplink 

Analysis 

software 

storage 

Ground software 

- flight mode 

- test mode 

Computer, Ground Control 

experiment 

Plotting 

data 

Figure 4-50: GSE S/W system overview 
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Wait for 

response 

send cmd to 

experiment 

Flight mode 

waitfordata 

verifydata 

storedata 

break ? 

return 

Test mode 

send TM 

command 

exp. in TM ? 

return 

yes 

no 

no 

yes 

newvalidcmd ? 

yes 

no 
exit test mode? 

yes 

no 

Figure 4-51: GSE S/W flowcharts 
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4.10 Ground Support Equipment 

All GSE equipment, listed below, is manufactured and supplied by the team. 

 

Equipment  Quantity Location / required for 

Shaker adapter 1 Stuttgart/ shaker test, EMI test 

Probe breakout box 1 Stuttgart, Kiruna/ all tests + calibration 

REXUS breakout box 1 Stuttgart, Kiruna / all tests + calibration 

Transportation Box 1 Stuttgart, Oberpfaffenhofen, Kiruna 

Transportation and 
integration carrier 
(TIC) 

1 Stuttgart, Oberpfaffenhofen, Kiruna 

ATMEL JTAGICE MkII 1 Stuttgart, Kiruna / onboard S/W updates 

GSE Computer 1+1back
up 

Stuttgart, Kiruna/  Tests, calibration, flight 
monitoring 

Locktight 10ml Stuttgart, Kiruna 

Probe Protection cover 2 Stuttgart, Kiruna 

Table 4-19: Team-supplied GSE 

 

 

For integration and testing prior to launch, some additional tools are required. 
These tools should be provided by MORABA / Esrange. 

Equipment Quantity Location/ required for 

Standard tool kit 1 Kiruna 

30V 1A Power Supply 1 Kiruna 

Torque wrench 0.9 
Nm- 3.8 Nm 

1 Kiruna 

Wrench adapter for 
 hexagon socket head 
cap screw (M3, M4, 
M5) 

3 Kiruna 

   

Table 4-20: Required GSE at Esrange 
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5 EXPERIMENT VERIFICATION AND TESTING 

5.1 Verification Matrix 

 

T  Test 

I  Inspection 

A  Analysis or similarity 

R  Review of design 

 

A  done 

A  to be done 

 

5.1.1 Functional Requirements 

 

RQ ID Functional Requirements Verification 

FRQ.01 
The sensing areas shall be integrated into the probe surface in such a 
way, that they act as part of the heat-shield 

R 

FRQ.02 
Electric resistance of the sensing elements shall be measured 8 
locations during re-entry 

R 

FRQ.03 
Electrical capacitance between the sensing elements shall be 
measured at 8 locations during re-entry 

R 

FRQ.04 
Temperatures on the Probe have to be measured at 8 locations during 
re-entry 

R 

FRQ.05 
A camera system including a recording device has to observe the 
degradation of the probe 

R 

FRQ.06 All measurement and housekeeping data has to be stored on board R 

FRQ.07 
All measurement and housekeeping data has to be transmitted to the 
ground station  

R 

FRQ.08 Housekeeping shall monitor the supply voltages R 

FRQ.09 
Housekeeping shall monitor the voltages behind all switchable 
supplies 

R 

FRQ.10 Housekeeping shall monitor the hard wired signals R 
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FRQ.11 All transmitted data packets must have a unique time indication R 

FRQ.12 All data storages have to survive the landing impact A 

FRQ.13 Circuits must be tolerant to a short-circuit T 

Table 5-1: Functional requirements verification matrix 

 

 

 

5.1.2 Performance Requirements 

 

RQ ID Performance Requirements Verification 

PRQ.01 
The capacitance measurements shall have a resolution of 0.1% of the 
initial value 

A 

PRQ.02 
The resistance measurements shall have a resolution of 0.1% of the 
initial value 

A, T 

PRQ.03 
The measured maximum initial probe resistances must not exceed 
500kOhms 

T 

PRQ.04 
The measured minimum initial probe resistances must not be below 
5kOhms 

T 

PRQ.05 
The measured maximum initial probe capacitances must not exceed 
1µF 

A,T 

PRQ.06 
The measured minimum initial probe capacitance must not be below 
50pF 

T 

PRQ.07 
The temperature measurements on the probe shall be possible in a 
range of -100 to +500 degree centigrade 

R 

PRQ.08 
The temperature measurement on the probe shall be conducted with 
an accuracy within a range of +/- 2 degree centigrade 

R, T 

PRQ.09 
The system voltages shall be monitored with a resolution equal to or 
greater than +/- 0,1V 

R, T 

PRQ.10 All measurements have to be done at a rate of 10 Hz R 

PRQ.11 The camera frame rate shall be equal to or higher than 10Hz R 

Table 5-2: Performance requirements verification matrix 
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5.1.3 Design Requirements 

 

RQ ID Design Requirements Verification 

DRQ.01 
The experiment shall be designed for the nose section of the REXUS 
rocket 

R 

DRQ.02 The overall mechanical safety factor for structural failure is j=1.5 R, A 

DRQ.03 
The experiment shall be designed  to operate in the temperature 
profile of the REXUS rocket  (see appendix for details) 

A, T 

DRQ.04 
The experiment shall be designed to operate after exposure to the 
vibration profile of the REXUS rocket (see appendix for details) 

A, T 

DRQ.05 
The experiment shall be designed to operate under the static 
acceleration loads of the REXUS rocket (see appendix for details) 

A 

DRQ.06 
For all 15l of empty volume, a venting hole with a diameter of 10mm 
has to be added. The hole has to be covered with a cap (see REXUS 
User Manual Chap. 5.4) 

R 

DRQ.07 
 thermal dissipation must not heat up the outer 

structure more than 10°C over the ambient ground temperature 
A 

DRQ.08 
close to or in contact with the feed-through cable to more than +70°C. 

A 

DRQ.09 
other modules to more than +50°C. 

R 

DRQ.10 
The heat transport by convection must be limited in such a way that 
the air temperature at the module interfaces does not exceed the 
ambient temperature by more than 10 °C. 

R 

DRQ.11 
The electrical connector interface shall comply with the RX User 
Manual Chapter 7.6.1 

R 

DRQ.12 
The experiment TM/TC interface shall comply with the RS422 
standard 

R 
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DRQ.13 
The TM/TC protocol shall use a baud rate of 38,4kbit/s; format: 8 bits, 
1stop bit, no parity 

R 

DRQ.14 The experiment shall operate from a power supply from 24V to 36V R 

DRQ.15 
A short period peak power consumption shall not exceed 3 A on the 
RX power interface 

A, T 

DRQ.16 The continuous current consumption shall not exceed 1 A R, T 

DRQ.17 Optocouplers have to be used for the SODS, SOE an LO signals R 

DRQ.18 
A standard RS232 interface with 57.6kits/s, 8 data bits, 1 stop bit, no 
parity has to be used for the EGSE 

R 

DRQ.19 All power supply cables shall be twisted I 

DRQ.20 Data cables shall be twisted I 

DRQ.21 Cables outside electronics boxes shall be shielded R, I 

DRQ.22 The experiment shall operate under vacuum conditions T 

DRQ.23 
The experiment has to be designed in such a way, that it can be 
classified as a category B system or lower, according to Esrange 
Safety Manual 

R 

DRQ.24 No flammable adhesives shall be used R 

Table 5-3: Design requirements verification matrix 
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5.1.4 Operational Requirements 

 

RQ ID Operational Requirements Verification 

ORQ.01 The probe shall be covered after landing 
R, I 

ORQ.02 The OB S/W shall be designed as a state machine R 

ORQ.03 Breakout boxes shall be supplied for all electrical connections R 

ORQ.04 

The OB S/W shall have the capability to operate without ground 
support 
 

A, T 

ORQ.05 
For each flight phase a dedicated S/W mode shall exist 
 

R 

ORQ.06 
In a test mode all commands from GSE S/W shall be accepted 
 

R 

ORQ.07 

In S/W modes that are not the test mode, only mode change 
commands shall be accepted (from SM only) 
 

R 

ORQ.08 
The data time stamp shall be synchronized before launch 
 

R 

ORQ.09 
The OB S/W shall be able to fly the mission only with the LO signal 
working 

R 

Table 5-4: Operational requirements verification matrix 
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5.2 Test Plan 

 

The following tests were conducted to verify the requirements. 

 

5.2.1 Component Tests 

 

Table 5-5: Test plan summary for test 1 

 

Table 5-6: Test plan summary for test 2 
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Table 5-7: Test plan summary for test 3 

 

Table 5-8: Test plan summary for test 4 

 

Table 5-9: Test plan summary for test 5 
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Table 5-10: Test plan summary for test 6 

 

 

5.2.2 Functional Test 

 

Table 5-11: Test plan summary for test 7 

 

Table 5-12: Test plan summary for test 8 
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Table 5-13: Test plan summary for test 9  

 

Table 5-14: Test plan summary for test 10 

 

In addition to these tests, function checks and procedures as well as 
calibration tests will be necessary before the tests and before launch. 
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5.3 Test Results 

 

5.3.1 Test 1: Camera Vacuum test 

 

Camera Vacuum Test was successfully conducted. 

 

Equipment:    Vacuum chamber, pressure sensor, 

     temperature sensor 

Test procedure:   -temperature sensor on MPEG encoder IC 

-Camera operating 

     -Chamber evacuated for over 30min 

 

Figure 5-1: Camera vacuum test  

The camera operated with no disturbances. An excessive heating of the 
encoder chip was not recognized.  

 

5.3.2 Test 2: Software Test  

The software test was realized in the Atmel AVR Simulator 2 which contains a 
detailed model of the behaviour of the processor used and is provided by its 
manufacturer.  
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Figure 5-2: Software Test 

 

5.3.3 Test 3: Electronics board Test 

Test 3 is a functional test for the PCDU Electronic board and was completed 
successfully prior to manufacturing of the corresponding PCB on the full flight 
configuration circuit in an experimental board prototype.  

 

Figure 5-3:Electronics board Test 

 

 

 

5.3.4 Test 5: OBC Test  

The experiment was assembled and connected to our own GSE Service 
Module Simulator Box. The Simulator Box permits powering the system, 
setting the rocket signals and receiving telemetry via a COM Port.  
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This COM Port is connected to a PC via a USB adapter and there monitored 
by the hterm terminal software.  

 

Figure 5-4:OBC Test screenshot 

 

5.3.5 Test 6: CSENSE Test  

To test the capacitance measurement channels a scope was used, to 
determine the high-time of capacitance-dependence timer circuit. The high-
time of the signal is 1.1 * R*C, where R= 1MOhm. 

Condition Measured high-
time 

corresponding 
capacitance 

Comment 

No load 13,2 µs 12 pF PCB- + 
Connector 
capacitance 

27pf capacitor 45,1 µs 12pF + 29pF within 15% 
capacitor 
tolerance 

   - 

Table 5-15: CSENSE test values 
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5.3.6 Test 7: Entire System Test  

 
Supply range 

Test condition Voltage Result 

Minimum voltage 20 V OK* 

Maximum voltage 36 V OK 

   

Table 5-16: Supply range test 

*without the camera system the experiment operates with supplies as low as 
12V. 

Inrush current test 

Voltage drop across a 0.2 Ohm load resistor in the power line: 

 

Figure 5-5:Inrush current plot 

 

Load Resistor:    R_in = 0.2 Ohm 

Maximum value: U_drop = 250mV 

Inrush current:    I_in = U_drop / R_in = 1,25 A 

 

The inrush current is below 3A. 
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Consumption  

All values have been measured with a supply current of 28V. 

Mode Current [A] 

Safe mode / Idle mode  0.052 

Camera mode  0.120 

Record mode  0.130 

Table 5-17:REMOS consumptions 

5.3.7 Test 8: Shaker Test 

  

Figure 5-6: Shaker test z anx achsis 

 

First Shaker Test without harness and with dummy-probe was successful. No 
structural damage was found after inspection.  

Second Shaker Test was done in full flight configuration with real probe and 
while experiment was running. The transmitted data was monitored and 
analyzed and a full functional test was performed after each axis run.  

 

Procedure: 

 - Each axis for 3x 1 minute at -12dB, -6dB, 0dB 

 - Sine- search run at 0.25g  

- Loads according to REXUS user manual. 

Results: 

- No structural damage was found after inspection, the electronics 
remains functional, the measured values of the probe are not altered  

- Eigenfrequencies within ± 20% range of predicted value  
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Details of the procedure and the results can be found in the test report in 
Appendix D.  

 

 

5.3.8 Test 9: Thermal Vacuum Test 

  

Figure 5-7: Thermal vacuum test 

Thermal Vacuum Test was done in a conditioned pressure chamber. 
Depressurization, Cold Test, Hot Test and Pressurization were conducted 
with the experiment running and functional checks took place between the 
tests. Temperature sensors were installed to monitor the system temperature 
and to validate the measured temperatures.  

 

Procedure: 

 - 0,5 mbar at -10°C and +45°C  

 - Test duration was one full flight plus an additional 15 minutes each  

Results: 

- The experiment was running nominally during all tests  
- No function loss or damage could be detected, neither during nor after 

the test series 
 

Details of the procedure (such as the full timeline) and the results can be 
found in the test report in Appendix D.  
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5.3.9 Test 10: Electromagnetic Compatibility Test 

  

Figure 5-8: EMC test 

The EMI Test was conducted under the influence of an electrical field with a 
constant strength.  

The experiment was standing upright and the antenna was aligned 
horizontally for the first test and vertically for the second.  

An additional third test was performed focussing on the low frequencies in 
order to obtain higher resolution measurement values in this range, as it is the 
most interesting.  

 

Procedure: 

 - electrical field controlled to have a strength of 10 V/m, required 
transmitting power for this value ranging from 10 to 80 W  

 - test range 80 MHz to 1 GHz, increasing exponentially over time  

 - horizontal and vertical alignment  

Results: 

- some fluctuation in measured values could be observed during low 
frequencies  

 

Details of the procedure and the results can be found in the test report in 
Appendix D.  
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6 LAUNCH CAMPAIGN PREPARATION 

 

6.1 Input for the Flight Requirement Plan (FRP) 

 

6.1.1 Dimensions and Mass 

 

Experiment mass (in kg): 8,76 including REXUS module 

Experiment dimensions (in m): 0,328m x 0,328m x0,446m 

Experiment footprint area (in m2):  0,0845 m^2 

Experiment volume (in m3): 0,0018 m^3 

Experiment expected COG (centre of 

gravity) position: 

x:= 0m from neutral axes REXUS 

y = 0m from neutral axes REXUS 

z = 0,077m from interface plane 

Table 6-1: Experiment mass and volume 

 

6.1.2 Electrical Interfaces 

 

The REMOS experiment requires the service module interface and the power 
interface. The three status signals provided from the REXUS rocket are used 
to set the appropriate mode in the onboard software. An uplink during flight is 
not designated, but needed during integration and testing on ground. An 
overview of the mandatory interfaces is listed in the table below. 
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REXUS Electrical Interfaces 

 

Service module interface required? YES 

 Number of service module interfaces: 1 

 TV channel required? YES 

 

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

 Data rate - downlink: 10 Kbit/s 

 Data rate - uplink Not needed during flight, 

but on ground for 

testing (1Kbit/s) 

 

Power system: Service module power required? YES 

 Peak power consumption: 6 W 

 Average power consumption: 3,3 W 

 Total power consumption after lift-off (until 

T+800s) 

0,6 Wh 

 Power ON/OFF control T-300s to  

T+643 (Landing + 3s) 

 Battery recharging through service module: No 

 

Experiment signals: Signals from service module required? YES 

 LO: Yes 

 SOE: T +60 s : ON 

T +640s: OFF (Landing) 

 SODS: T +150s: ON 

T +300s: OFF (parachute 

deployment) 
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Table 6-2: Electrical interfaces applicable to REXUS 

 

6.1.3 Launch Site Requirements 

 

The required GSE is already listed in the 4.14. 

There are no further special requirements. 
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6.2 Preparation and Test Activities at Esrange 

 

Upon arrival at the launch site, each component has to be tested separately 
as well as the entire system. The tasks to be completed at site before launch 
are listed below. 

REMOS Experiment - Testing components 

- Verify communication 

- Calibration of sensors 

- Mounting of our experiment on REXUS 

- System test 

Ground Control - Setup of the computer and software 

- Verify communication link 

- System test 

Table 6-3: Test activities at Esrange 

6.3 Timeline for Countdown and Flight 

 

After the experiment is mounted in the REXUS rocket, the experiment follows 
an autonomous program.  

 

T  300s Power on. REMOS is in safe mode, sends status 
packages with information about software, temperature 
to ground control. 

T-300s- T-60s Experiment GO or NO GO. 

T0, Lift-off LO signal on. The experiment stays in safe mode. 
Reset for internal experiment clock. 

T+60s, 

 Nose jettison 

SOE signal on.  Cameras are activated. 

T+150s, 

Reaching apogee 

SODS signal on. REMOS begins data recording. 

T+400 

Parachute opening 

SODS off, stop of data recording. 
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 T+640s, landing 

 

SOE off, return to safe mode. 

 

T+ 643s Power off 

Table 6-4: Experiment timeline 

 

 

6.4 Post Flight Activities 

 

- In case that the material probe withstands the impact, the probe should be 
concealed and rescued for further studies. 

- Disassembly of experiment 

- Backup of onboard recorded data 

- Packing of components 
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7 DATA ANALYSIS PLAN AND EXPERIMENT REPORTS 

7.1 Data Analysis Plan 

The post flight data analysis can be split up into four tasks. Each task can be 
performed by a single person. They are: 

1. Post flight system analysis 

 System functionality 

 Damages 

 Occurred problems 

 Measured inside and outside flow-temperatures 
 

2. Reconstruction of angle of attack from REXUS IMU/GPS data 

 Evaluation of  deceleration vector 

 Test with a strap down algorithm 

 Comparison to GPS data 

 Comparison with camera view 
3. Calculation of temperatures, capacitances and resistances from 

recorded/transmitted data. Cross-check with camera data. 

 Use previously recorded calibration data 
4. Development of an empiric ablation model for the probe. 

 Use physical properties 

 Take probe dimensions into account 

 Combine with angle of attack 

 Create a mathematical model 

 Find model parameters for best fit to flight data 

For the last task also the results from the previous tasks are required.  

7.2 Launch Campaign 

Launch preparations on the site included the following:  
 unpacking, inspection and assembly of the entire experiment  
 measurements for temperature channel calibration  
 probe dimension measurements  
 securing of all screws with Loctite  
 several test runs  
 mounting of the experiment on the rest of the payload section  
 writing and completing some parts of the documentation  
 removal of all protective covers  

 
An encountered issue during the tests was a missing contact on one of the 
pins connecting the RT board to the ribbon cable. It was determined to be 
caused by corrosion due to the material combination and the severe 
temperature changes during transport. The corrective procedure was to 
disconnect the entire cable and to clean all connector pins on both sides 
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(cable and boards). Finally, a double check of each connection via a 
multimeter and several test runs were performed. The problem did not 
reoccur.  
 
The launch took place on the noontime of February 22nd. The weather 
conditions were perfect and the payload section reached a maximum height of 
80,6km during the twelve minute flight. After the launch, the experiment was 
recovered and brought back by a helicopter within few hours. Due to the 
landing in deep snow, the probe did not receive any mechanical damage 
during the impact, thus allowing for optical inspection after the return.  
 

7.3 Results 

7.3.1 Raw Data 

In the following diagrams the measured raw data is shown. The R- and C-
channel values already have been calibrated before launch. For the probe 
temperatures only the amplification of the measurement channels are 
considered. For an absolute reference, data with known ambient temperature 
was collected prior to launch. This has to be considered during the processing 
of the data. 

 

Resistance Data: 

 

Figure 7-1: Resistance raw data 
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Capacitance Data: 

 

Figure 7-2:Capacitance raw data 

 

Temperature Data: 

 

Figure 7-3: Temperature raw data 



  Page 120 

 

 

RX09-REMOS_SED-v5_0_pub_20140714.doc 

 

Gas Temperature Data: 

 

Figure 7-4: Gas temperature 

 

7.3.2 Data Processing 

Among other data the REXUS Service Module provides GPS position data 
and data from the Inertial Measurement Unit (IMU). REMOS relies upon IMU 
data for the determination of inflow vector; altitude and velocity are 
determined using GPS data. 

The REXUS 9 reference frame is based on a Cartesian coordinate system 
whose X-axis defines the roll- -axis specifies the 0°-line 
of the perimeter while the Z-axis completes the coordinate system to be right-
handed is described by two angles: the in-plane angle , which indicates the 

direction within the Y-Z-plane and the out of-plane angle . This angle shows 

the deviation from the plane and is positive when inclined towards the X-axis. 

The angles alpha and beta are calculated with the equations: 

0:,2arctan360

0:,2arctan

zyz

zyz

aaa

aaa
 

22,2arctan yxx aaa  

where xa , ya  and za  are the accelerations measured in m/s^2. 

 

For the compensation of the thermal dependency of the specific electrical 
conductivity and capacitance of the probe, the vertical temperature distribution 
within a probe section is required. The temperature below each element is 
measured by a sensor. To calculate the entire vertical distribution, a thermal 
model was developed. 
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The basis for the model is the equation of thermal conductivity: 

c
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In the one-dimensional case the equation is reduced to 
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The differentials of this reduced equation are approximated with the finite 
differences: 
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Two cases are considered as boundary condition.  

1.) In case of a constant temperature boundary condition the 
corresponding row in the matrix has to be filled with zeros, except for 
the position of the element, at which the temperature shall be kept 
constant Here a 1 is inserted. 

2.) A given heat flux onto the surface of an element can be described by 
the use of a neighbouring imaginary element, whose temperature is 
adjusted in such a way, that a certain heat flux is maintained: 

11 n
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TTT
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When inserted into the equation, the corresponding column has to be 

modified to: r
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11  

If numerically perfect data is provided, these equations permit to directly 
calculate the temperature distribution. As this is not the case with the 
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measured temperatures, the direct application of this equation leads to large 
distortions in the distribution, even when using filtered data.  

Therefore, an estimation routine was developed, that uses the equation 
backwards to find the best trend of thermal flux that causes the measured 
temperature distribution. With this distribution and the conducted material 
tests, a compensation can be done.  

 

7.3.3 Processed Data 

 

Thermal Conditions: 

During the early design of the experiment the theoretical heat flux and the 
resulting adiabatic surface temperature had been calculated with flight data 
from REXUS 6 (see chapter 4.6.2). The maximum heat flux reached a value 
of 10000W/m^2 for 100km apogee, resulting in a theoretical surface 
temperature of 717K. 

After the flight, the same calculation was performed again with the actual flight 
profile of REXUS 9. With an apogee altitude of 80.6km the maximum heat flux 
reduced to 3690W/m^2, what results in a maximum adiabatic wall 
temperature of 540K. 

The described temperature profiles can be seen in Figure 7-5. Here, the 
calculated Temperatures are compared to the measured Temperature at the 
top of the Experiment (red). The first peaks in the calculated curves result 

heat up so quickly, because it is protected by the nose cone. Although, heated 
gas which found a way into the nose cone is enough, to heat up the sensor to 
380K. After the separation of the nose cone, the temperature of the gas 
temperature sensor only drops slowly. The reasons for the slow dropping are 
the missing atmosphere the low coefficient of emissivity of the gas 
temperature sensor and its high thermal capacity. During re-entry the gas 
temperature fits the theoretical values very well, except for delay in the 
beginning of the re-entry process. This delay is caused by the sensors inertia. 
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Figure 7-5: Calculated vs. measured gas temperature 

 

When compared to the flight of REXUS 6, which was used as a design 
reference during the early project phases, the theoretical thermal load on 
REXUS 9 was reduced by a factor of 2,7. The maximum gas temperature, 
measured, was 248°C. The greatest heating during re-entry took place 
between 220s and 260s after lift-off. 

 

Re-entry Orientation: 

After the separation of the motor and the nosecone, the experiment section 
begins to tumble. This is a result of the small asymmetries in the separation 
forces, moving parts in the experiments and remaining atmosphere. With 
increasing atmospheric density the tumbling begins to stabilize into a flat-spin 
and the entire section is decelerated to subsonic speed. Below Mach 1 the 
tumbling increases again. 

In the figure below the in-plane and out-of-plane angles during stabilisation 
and deceleration to Mach 1 are plotted. As can be seen, the experiment 

s roll-axis (In-Plane-Angle) and pitch-axis (Out-Of-Plane-Angle) 
stabilize around 137°and +3°. 
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Figure 7-6: Reentry orientation 

The properties of the angle of attack during the hot phase of the re-entry can 
be summarized, as following: 

Direction Mean Angle [°] Deviation [°] Frequency [Hz] 

In-Plane +140.3 +/- 40 0.3-0.63 
(increasing) 

Out-Of-Plane +2.6 (nose down) +/- 8 0.3-0.66 
(increasing) 

Table 7-1: Orientation properties 

The orientation of the probe during the re-entry was very stable. This fact 
offered the best flow conditions, which were achievable with the given apogee 
altitude. 

 

Heat flux and Temperature distribution: 

The heat flux on each sensor element was calculated with the method 
described in chapter 7.3.2 and the measured temperature values as input. 
The used property values for the material are listed in the Table below. 

Property Value Unit 

Density 50 Kg/m^3 

Thermal Capacity 1600 J/(kg*K) 

Thermal Conductivity 0.05 W/m 



  Page 125 

 

 

RX09-REMOS_SED-v5_0_pub_20140714.doc 

Element Thickness 1.2 mm 

Step Size 1 s 

Table 7-2: Thermal mode setting 

The calculated heat fluxes have been plotted over time of flight. As can be 
seen, the maximum heat flux occurred on element 3 with a peak of 
3500W/m^2. This correlates to the theoretical heat flux, which was used to 
estimate the adiabatic wall temperature (see 7.3.3, subsection Thermal 
Conditions). 

 

Figure 7-7: Heat flux on probe sections 

 

As a by-product the following temperature distributions were obtained. Due to 
the thermal capacity of the foam material, the maximum temperature stays 
well below the adiabatic wall temperature.  
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Figure 7-8: Front elements, temperature distribution 
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Figure 7-9: Rear elements, temperature distribution 
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These distributions and measurements, conducted during material tests, 
enabled the calculation of compensation factors for temperature drifts.  

 

In the following subsections all corrected and compensated measurement 
values can be seen. 

Corrected Temperatures: 

The temperature channels have been calibrated, but the offset in between in 
the channels has to be eliminated. A time span prior to launch is taken as 
reference assuming the probe is in thermal equilibrium. 

 

Figure 7-10 Corrected values for temperature channels 

 

The material of the probe in the direction of 80° and 173° are heated by the 
flow to a maximum at 250s after lift-off. After 400s the probe is in thermal 
equilibrium again. 

 

Corrected Resistance and Capacitance Channels: 

A study has been carried out to assess the temperature influence on the R 
and C channels. The measured capacitance and resistance of the channels 
change due to temperature and conditions of the material either way. 

In order to eliminate the temperature dependency the measurements are 
based on a temperature of 20°C. The correction functions are evaluated in 
DLR-IB 435-2010-32. The results are shown in Figure 7-11 to 7-13. The 
changes are purely caused by modifications in the material of the probe. 
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Figure 7-11 Resistance measurements with reference to a temperature of 20°C 

 

The probe is exposed to the flow during flight and the high peaks in Figure 7-
11 are caused by a compression of the material. For a further analysis of this 
behaviour, the normalized roll and pitch orientation have been plotted together 
with normalized graphs of the resistance channels 1 and 2 (Figure 7-12). 

 

Figure 7-12: Normalized roll-, pitch-, R2- and R3 values 
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As can be seen, the magnitude of the resistance signal is closely linked to the 
roll- and pitch- orientation. The phase shift between R2 and R3 is close to 
180°. This is reasonable, since the force onto an inclined surface in a flow 
changes with the squared cosine of its inclination. The mounting angle 
between R2 and R3 is 93°, what results in the phase shift. The described 
compression of the foam results from the travelling of the stagnation point on 
the surface of the probe. 

 

A rupture in the material is indicated by a drop within a few milliseconds of the 
resistance of channel 2 at t = 292.4 seconds. 

 

 

Figure 7-13 Indication of a rupture (crack) in the material in channel 2 
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Figure 7-14 Capacitance measurements with reference to a temperature of 20°C 

 

 

7.3.4 System Performance 

 

Voltages  

 

Figure 7-15: RXSM supply voltage 
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Figure 7-16: REMOS system voltages 

 

Four different voltages were monitored during the flight and transmitted and 
evaluated within the status package. These are the voltage supplied by the 
REXUS Service Module and three regulated voltages to power the different 
elements of the experiment.  

The system and sensors are always powered. In contrast to that, the camera 
voltage is provided via switchable regulators only while the cameras run. This 
is to reduce overall power consumption, because the cameras have a power 
consumption while they are in standby mode and powered.  

The system voltages were within the desired tolerance of the target values 
and constant during the entire flight. Some minor fluctuations can be observed 
in the camera supply, because the regulator was dimensioned to work at 70% 
of its maximum load and the selected filter capacitor was rather small. Yet 
these deviations were accepted during the design process and are not a 
problem to the cameras.  
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Temperature

 

Figure 7-17: Electronics box temperature 

 

The temperature within the electronics box increased by four degrees, as 
predicted by the simulation. The increase was a bit slower, though, indicating 
that the thermal decoupling of the electronics box was better than expected. 
The decrease after the flight was later and less than predicted, because the 
heat production by the electronics itself was neglected in the simulation.  

 

Data loss 

 

Figure 7-18: Data loss during flight 

 

The data loss during the flight includes all packages that were not processed 
correctly by the ground software. This can either happen due to loss of 
synchronization (which always causes two consecutive packages to be 
dropped) or when a package is ignored because the checksum shows that 
error bits have occured.  
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The total data loss was 5% with a maximum of four lost packages in a row. 
Due to the high evaluation rate of 10Hz, this is not critical for the reliability of 
the data. The loss rate is obviously higher than during the test runs with a 
cable connection to the Service Module Simulator, but is remarkably less than 
during the test runs that included the radio transmission.  

 

7.4 Discussion and Conclusions 

 

The functionality of the main principle of material monitoring via electrical 
properties could be confirmed with this experiment.  

Depending on the probe material, the system can also be able to observe 
changes in heat shield temperature and mechanical stress or failure. 
Therefore it may also be used to monitor the physical condition of non-
ablating, reusable heat shields.  

The systems weight and power consumption are low enough to allow for its 
embedding into any size of re-entry vehicle. The modularity of the measuring 
principle enables its integration into any kind of heat shield material that has 
been made electrically conductive, for example by adding carbon.  

What is left to do is the quantification of the changes. Because of the 
temperature dependency of the material's properties and the little ablation, no 
accurate equation to correlate the measured changes to the absolute 
thickness could be developed.  

 

7.5 Lessons Learned 

 

7.5.1 Experiment 

 

The probe material was too heat resistant for the application. It was selected 
for its electrical conductivity and because it evaporates instead of melting. For 
any further efforts, a quicker evaporating material with less temperature 
dependent electrical properties should be investigated.  

The following recommendations should be considered for a similar 
experiment: 

- Gain as much altitude, as possible! An increase in altitude from 80km 
to 100km will already raise the heat flux by at least a factor of 2,5.  

- The heat flux onto the probe can be increased by using a shape with 
sharp edges. To guaranty a correct alignment with the direction of flow, 



  Page 135 

 

 

RX09-REMOS_SED-v5_0_pub_20140714.doc 

such a probe should be designed with an active orientation mechanism 
or as a free-flyer.  

- A less temperature-dependent material should be used  

- The required time for probe integration must not be underestimated, a 
modular probe concept that permits the assembly of single segments 
before attaching them to the supporting structure would be handy.  

- Diligent electronics assembly is very time consuming and always takes 
two persons to ensure proper quality control.  

- Building costly prototypes can under certain circumstances be avoided 
by extensive simulations of a design  

- Keeping the design simple but effective and avoiding moving parts was 
a good idea 

 

 

7.5.2 Project 

 

The REMOS experiment was conducted in a small to medium size team. To 
maximize the manpower for the design and construction for the experiment 
itself, the administrative part should be kept was low, as possible within the 
team. 

 

- Using an automated file-sharing system reduced the administrative 
workload a lot (Possible solutions: DLR Sharepoint Server, DropBox). 

- Defining standards for design and documentation in advance kept 
problems with compatibility to a minimum. Used REMOS standards: 

Documents: Word98-2003, pdf (or 100% compliant) 

CAD/FEM exchange: SolidWorks 2009, STEP 

ECAD exchange: IDF-standard (compatible to used CAD 
system) 

Software Design: AVR GCC (onboard), C# (GSE) 

- Sponsors for rocket science can be found even in times of economic 
crisis 

- Team members scattered all across Europe can be a challenge 

- Orders should be placed as soon as possible to have a time buffer in 
case of problems with the delivery. Sensitive components should be 
ordered with an adequate surplus amount.  

- A clear risk identification can prevent lots of issues  
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7.5.3 General Experience 

 

- Launching a sounding rocket experiment is not only educative, but also 
a great deal of fun 

- Deadlines at ESA conferences are relative 

- Kiruna is an awesome place  

- PhD, Graduate and undergraduate team members can all contribute a 
good share to a REXUS project 
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8 ABBREVIATIONS AND REFERENCES 

8.1 Abbreviations 

ADC  Analog to Digital Converter 

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 

EAT  Experiment Acceptance Test  

EAR  Experiment Acceptance Review 

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 

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 

LO  Lift Off 

LT  Local Time 

LOS  Line of sight  

Mbps  Mega Bits per second 

MCU  Microcontroller Unit 

MFH  Mission Flight Handbook 

MORABA Mobile Raketen Basis (DLR, EuroLaunch) 

MUX  Multiplexer 
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DEMUX Demultiplexer 

OP  Oberpfaffenhofen, DLR Center 

OPAMP Operational Amplifier 

PCB  Printed Circuit Board (electronic card) 

PDR  Preliminary Design Review  

PST  Payload System Test 

REMOS Recession Monitoring System 

REXUS Rocket Experiments for University Studfents 

SED  Student Experiment Documentation  

SER  Short Experiment Report  

SNSB  Swedish National Space Board  

SODS  Start Of Data Storage 

SOE  Start Of Experiment 

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 

TPS  Thermal Protection System 

WBS  Work Breakdown Structure   
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8.2 References 

 

Reference document File name 

REXUS User Manual RX-REXUS_user_manual-v7_0-
04Dec09.pdf 

Esrange Safety Manual Esrange_Safety_Manual.pdf 

Esrange User Handbook Esrange Users Handbook.pdf 

ECSS standard M-ST-10C 
Project Management 

ECSS-M-ST-10C_Rev.1(6March2009).pdf 

ECSS standard Q-70-71A 
Space product assurance  

ECSS-Q-70-71Arev1(18June2004).pdf 

  

Optocoupler ACPL-8x7 ACPL-8x7.pdf 

Analog to digital converter 
ADS7822 

ads7822.pdf 

Flash storage IC AT25DF321 AT25DF321.pdf 

MCU ATMega 16 ATMega16.pdf 

switching v. reg. LM2575 lm2575.pdf 

OPAMP LT1014 lt1014.pdf 

RS422 driver MAX3465 MAX3465-MAX3469.pdf 

RTC PCF8583 pcf8583.pdf 

dual CMOS Timer TLC556 tlc556m.pdf 

linearv.reg with enable TPS793 tps793.pdf 

counter sunk screws DIN EN 
ISO 7047 

 

inboardhexagonbolt DIN EN ISO 
4762 

 

Flycam one eco manual FCOe_multi.pdf 

Project Plan A1 paper REMOS_A1.pdf 

Work breakdown structure in 
seperate document 

WBS.pdf 
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APPENDIX A  EXPERIMENT REVIEWS 
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APPENDIX B  OUTREACH AND MEDIA COVERAGE 
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Article on the homepage of the Institute of Space Systems (IRS) of the 
University Stuttgart: 
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ther with Team SQUID, EXPLORE and 
FOCUS: 
Web-Article: 
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Kinder- & Jugendakademie Stuttgart (Academy for Children and 
Youngsters): 
 
We organized an afternoon for school children at our university, on which they 
get to know the physics of rockets on the basis of physics they have already 

tablets and water and learned how to calculate the altitude of the flight 
parabola. On this basis they could easily follow the physical concept of a 
sounding rocket. 
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Article in the EURAOAVIA News (Member Magazine of EUROAVIA): 
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Paper and Presentation at the ESA PAC Symposium in Hyères 2011 
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APPENDIX C  ADDITIONAL TECHNICAL INFORMATION 

 

C.1 Technical Drawings 
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C.2 Screw Calculations 
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C.3 Electronics Integration 

 C.3.1 PCDU 

General 

 

Used Tools 
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Details 

Required Parts 
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Part details 

PCB Bottom View 

PCB Top View 
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Integration 

 

Positions and Verification of Parts 
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Integration Procedures 
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 C.3.2 OBC 

REMOS Integration Protocol 
 

General 

 

Assembly: REMOS OBC 

Date: 24.-25.09.2010 

Integrator: S. Schweikle  

QA: R. Wuseni  

 

Used Tools 

 

 ESD certified cutter 

 ESD wristband 

 ESD gloves 

 Bending tool 

 Isopropanol 

 Flux 

 Cleaning utilities 

 Spacers for soldering 

 Solder (Non RoHS, contains Pb) 

 Soldering paste (Non RoHS, contains Pb) 

 Hot air soldering system with temperature regulation 

 Soldering-iron with temperature regulation 

 USB Microscope 

 Laptop for Picture recording 

 Tweezers set 
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 Multimeter with RCL measurement 

 Solder sucker 

 De-soldering cord 

Details 

Required Parts 

 

Pos Amount Name Value Housing 

1 1 C12 0,1µF 2,54X5,08_RM2,54 

2 3 C3,C4,C5 0,1µF 0805 

3 1 R8 0,56K 0805 

4 1 D1 1N4148 DO35 

5 1 R20 2,7k 0207 

6 1 BAT1 3,6V BATTERIE 

7 3 R16,R17,R18 4,7K 0207 

8 3 R1,R2,R3 4,7K 0805 

9 3 R4,R5,R6 5,36K 0805 

10 3 R10,R11,R12 8,5K 0207 

11 1 R7 9,53K 0805 

12 4 
R9,R13,R14,
R15 10K 0207 

13 3 C7,C8,C9 10nF 2,54X5,08_RM2,54 

14 1 C6 10nF 0805 

15 2 C10,C11 10µF 0805 

16 2 C1,C2 27pF 0805 

17 1 IC4 AT45DB161 SOIC8 

18 1 IC1 ATMEGA164 DIL40 

19 1 K1 
Bus 
Connector 

WANNENSTECKER-16-
ST_HEBEL 

20 1 K4 CAMERA IF 1X06_BUCHSE 

21 1 IC3 ISP521-4 DIL16 

22 1 R19 KTY23-5 SOT23/3 
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23 1 IC5 LP2981 SOT23/5 

24 1 IC6 M41T93 SO18 

25 1 IC2 MAX488CPA DIL8 

26 1 K2 PROGR. IF 2X03_BUCHSE 

27 1 Q1 
QUARZ_20M
HZ HC49/U 

28 1 K3 REXUS IF 1X09_BUCHSE 

 

Part details 

 

PCB Bottom View 

 

 

PCB Top View 
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Integration 

 

Positions and Verification of Parts 

 

Nr. Part Nom. Value Housing X-Pos. Y-Pos Side Measured 
Value 

29 R1 4,7K 0805 52,88 34.000 bottom 4,69 k

30 R2 4,7K 0805 50,34 34.000 bottom 4,69 k

31 R3 4,7K 0805 47,8 34.000 bottom 4,69 k

32 R4 5,36K 0805 52,88 27,65 bottom 5,35 k

33 R5 5,36K 0805 50,34 27,65 bottom 5,34 k

34 R6 10K 0805 46,53 28,285 bottom 9,97 k

35 R7 9,76K 0805 55,42 27,65 bottom 9,69 k

36 R8 0,56K 0805 55,42 34.000 bottom 0,56 k

47 R19 KTY82-110 SOT23/3 59,23 34.000 bottom 
0,99 k  
@22°C 

2 C1 27pF 0805 38,275 43,525 bottom 26pF 

3 C2 27pF 0805 38,275 41,62 bottom 26pF 
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4 C3 0,1µF 0805 42,085 43,525 bottom 105,4 nF 

5 C4 0,1µF 0805 44,625 33,365 bottom 99,4 nF 

6 C5 0,1µF 0805 40,815 33,365 bottom 99,5 nF 

7 C6 10nF 0805 42,085 41,62 bottom 9,1 nF 

14 C13 0,1µF 0805 104,95 13,68 bottom 101,1 nF 

37 R9 10K 0207 72,565 60,035 top 9,9 k

38 R10 8,2K 
0207_STEHEN
D 113,205 48,605 top 8,17 k

39 R11 8,2K 
2,54X5,08_RM
5,08 110,03 52,415 top 8,14 k

40 R12 8,2K 0207 109,395 44,795 top 8,12 k

41 R13 8,2K 0207 96,695 28,92 top 8,14 k

42 R14 8,2K 0207 96,695 26,38 top 8,14 k

43 R15 8,2K 0207 96,695 23,84 top 8,15 k

44 R16 4,7K 0207 57,96 51,145 top 4,67 k

45 R17 4,7K 0207 57,96 48,605 top 4,67 k

46 R18 4,7K 0207 57,96 53,685 top 4,68 k

48 R20 2,7k 0207 57,96 25,11 top 2,69 k

49 R21 1K 0207 99,235 63,21 top 1,01 k

11 C10 10µF 1008 66,215 11,14 top 10,23 µF 

12 C11 10µF 1008 62,405 14,315 top 10,34 µF 

8 C7 10nF 
2,54X5,08_RM
2,54 100,505 31,46 top 9,3 nF 

9 C8 10nF 
2,54X5,08_RM
2,54 105,585 31,46 top 9,4 nF 

10 C9 10nF 
2,54X5,08_RM
2,54 110,665 31,46 top 9,4 nF 

13 C12 0,1µF 
2,54X5,08_RM
2,54 90,345 47,335 top 95,0 nF 

23 K1 
Bus 
Connector 

WANNENSTE
CKER-16-
ST_HEBEL 33,83 21,935 top - 

24 K2 PROGR. IF 2X03_BUCHSE 60,5 60,035 top - 
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27 K6 JTAG 
WANNENSTE
CKER-10-ST 9,7 38,445 top - 

15 D1 1N4148 DO35 70,025 61,305 top - 

16 IC1 ATMEGA164 DIL40 41,45 38,445 top 

0F4454-1-
355C2A-
1P1023 e³ 

17 IC2 MAX488CPA DIL8 97,965 51,145 top - 

18 IC3 ISP521-4 DIL16 103,045 37,81 top OK 

19 IC4 AT45DB161 SOIC8 74,47 11,14 top - 

20 IC5 LP2981 SOT23/5 62,405 11,14 top - 

21 IC6 M41T93 SO18 90,345 13,709 top - 

22 IC7 IE0512D NME2412D 12,24 53,685 top Not required 

28 Q1 
QUARZ_20M
HZ HC49/U 37,64 50,51 top 

- 

1 
BAT
1 3,3V BATTERY 104,95 13,045 top 

3,29 V 

 

Integration Procedures 

 

 -

Q-ST-70-  

 SMD parts are soldered with the hot air soldering system at 250°C  

 Through-hole parts are soldered with the soldering iron.  

300°C for connectors 

270°C for all other parts  

 All soldered joints are checked with the USB Microscope 
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 C.3.3 CSENSE 

REMOS Integration Protocol 
 

General 

 

Assembly: REMOS C_SENSE 

Date: 21.09.2010  

Integrator: S. Schweikle  

QA: R. Wuseni  

 

Used Tools 

 

 ESD certified cutter 

 ESD wristband 

 ESD gloves 

 Bending tool 

 Isopropanol 

 Flux 

 Cleaning utilities 

 Spacers for soldering 

 Solder (Non RoHS, contains Pb) 

 Soldering-iron with temperature regulation 

 USB Microscope 

 Laptop for Picture recording 

 Tweezers set 

 Multimeter with RCL measurement 

 Solder sucker 
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 De-soldering cord 

Details 

Required Parts 

 

Pos Amount Name Value Housing 

1 8 
C1,C2,C3,C4,C5,C6,
C7,C8 0,01µF 2,54X5,08_RM2,54 

2 6 
C9,C10,C11,C12,C13
,C14 0,1µF 2,54X5,08_RM2,54 

3 4 IC1,IC4,IC5,IC6 TLC556CN DIL14 

4 1 IC2 74HCT138N DIL16 

5 1 IC3 74HC151 DIL16 

6 1 K1 
CONNECTO
R 

WANNENSTECKER-
16-ST_HEBEL 

7 1 K2 K1X08 1X08 

8 1 K3 K1X01 1X01 

9 4 R1,R3,R5,R7 1M 0207 

10 4 R2,R4,R6,R8 1M 0207_STEHEND_MET 

Part details 

PCB Bottom View 
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PCB Top View 

 

 

Integration 

 

Positions and Verification of Parts 

 

Nr. Part Nom. Value Housing X-Pos. Y-Pos Side Measured 
Value 

24 R1 1M 0207 65,58 47,97 Top 0,999 M

25 R2 1M 
0207_STEHEND
_MET 78,28 49,24 

Top 

 0,999 M

26 R3 1M 0207 97,33 21,3 Top 0,999 M

27 R4 1M 
0207_STEHEND
_MET 110,03 22,57 

Top 
0,999 M

28 R5 1M 0207 65,58 22,57 Top 0,999 M

29 R6 1M 
0207_STEHEND
_MET 78,28 23,84 

Top 
0,999 M

30 R7 1M 0207 97,33 44,16 Top 0,999 M

31 R8 1M 
0207_STEHEND
_MET 110,03 45,43 

Top 
0,999 M

1 C1 0,01µF 
2,54X5,08_RM2,

63,04 44,16 Top 9,2 nF 
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54 

2 C2 0,01µF 
2,54X5,08_RM2,
54 78,28 41,62 

Top 
9,7 nF 

3 C3 0,01µF 
2,54X5,08_RM2,
54 94,79 17,49 

Top 
9,8 nF 

4 C4 0,01µF 
2,54X5,08_RM2,
54 110,03 14,95 

Top 
9,7 nF 

5 C5 0,01µF 
2,54X5,08_RM2,
54 63,04 18,76 

Top 
9,6 nF 

6 C6 0,01µF 
2,54X5,08_RM2,
54 78,28 16,22 

Top 
9,7 nF 

7 C7 0,01µF 
2,54X5,08_RM2,
54 94,79 40,35 

Top 
9,8 nF 

8 C8 0,01µF 
2,54X5,08_RM2,
54 110,03 37,81 

Top 
9,8 nF 

9 C9 0,1µF 
2,54X5,08_RM2,
54 54,15 42,89 

Top 
96,7 nF 

10 C10 0,1µF 
2,54X5,08_RM2,
54 17,32 49,24 

Top 
97,4 nF 

11 C11 0,1µF 
2,54X5,08_RM2,
54 80,82 16,22 

Top 
97,2 nF 

12 C12 0,1µF 
2,54X5,08_RM2,
54 112,57 14,95 

Top 
97,4 nF 

13 C13 0,1µF 
2,54X5,08_RM2,
54 80,82 41,62 

Top 
99,2 nF 

14 C14 0,1µF 
2,54X5,08_RM2,
54 112,57 37,81 

Top 
95,2 nF 

21 K1 
CONNECTO
R 

WANNENSTECK
ER-16-
ST_HEBEL 33,83 

21,93
5 

Top 

- 

15 IC1 TLC556CN DIL14 71,93 42,89 Top - 

16 IC2 74HCT138N DIL16 14,78 37,81 Top - 

17 IC3 74HC151 DIL16 42,72 45,43 Top - 

18 IC4 TLC556CN DIL14 103,68 16,22 Top - 

19 IC5 TLC556CN DIL14 71,93 17,49 Top - 

20 IC6 TLC556CN DIL14 103,68 39,08 Top - 
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Integration Procedures 

 

 -

Q-ST-70-  

 All parts are soldered with the soldering iron.  

300°C for the connectors  

270°C for all other parts  

 All soldered joints are checked with the USB Microscope 
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 C.3.4 RTSENSE 

REMOS Integration Protocol 
 

General 

 

Assembly: REMOS RTSENSE 

Date: 22.-23.09.2010 

Integrator: S. Schweikle  

QA: R. Wuseni  

 

Used Tools 

 

 ESD certified cutter 

 ESD wristband 

 ESD gloves 

 Bending tool 

 Isopropanol 

 Flux 

 Cleaning utilities 

 Spacers for soldering 

 Solder (Non RoHS, contains Pb) 

 Soldering-iron with temperature regulation 

 USB Microscope 

 Laptop for Picture recording 

 Tweezers set 

 Multimeter with RCL measurement 

 Solder sucker 
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 De-soldering cord 

Details 

Required Parts 

 

Pos Amount Name Value Housing 

1 8 
R1,R2,R9,R10,R17,R18,R25,R
26 1k24 R2 

2 8 
R5,R6,R11,R12,R19,R20,R27,
R28 6k04 R1 

3 8 
R7,R8,R13,R14,R21,R22,R29,
R30 42k2 R1 

4 1 R34 100k 0207 

5 8 
R3,R4,R15,R16,R23,R24,R31,
R32 100k R1 

6 7 C5,C6,C11,C12,C13,C14,C15 100nF 3X5R2,54 

7 8 C1,C2,C3,C4,C7,C8,C9,C10 150pF 3X5R2,54 

8 1 RN1 470K SIL9 

9 2 K4,K5 
K1X01_BUCH
SE 1X01_BUCHSE 

10 2 K2,K3 K1X08 1X08 

11 8 
IC4,IC5,IC7,IC8,IC10,IC11,IC1
3,IC14 LM385Z-1.2 TO92 

12 1 IC16 LM385Z-2.5 TO92 

13 4 IC3,IC6,IC9,IC12 LT1014A DIL14 

14 2 IC2,IC15 
MCP3208(DIL1
6) DIL16 

15 1 IC1 ULN2803 DIL18 

16 1 K1 

WANNENSTE
CKER-16-
ST_HEBEL 

WANNENSTECKE
R-16-ST_HEBEL 
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Part details 

PCB Bottom View 

 

 

PCB Top View 
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Integration 

 

Positions and Verification of Parts 

 

Nr. Part Nom. Value Housing X-Pos. Y-Pos Side Measured 
Value 

37 R1 1k24 R2 66,85 50,51 Top 1,24 k

38 R2 1k24 R2 64,31 60,67 Top 1,24 k

39 R3 10k R1 66,85 56,86 Top 9,98 k

40 R4 10k R1 64,31 54,32 Top 9,98 k

41 R5 42k2 R1 51,61 49,24 Top 42,2 k

42 R6 42k2 R1 51,61 61,94 Top 42,2 k

43 R7 6k04 R1 50,34 53,05 Top 6,04 k

44 R8 6k04 R1 50,34 58,13 Top 6,04 k

45 R9 1k24 R2 66,85 31,46 Top 1,24 k

46 R10 1k24 R2 64,31 41,62 Top 1,24 k

47 R11 42k2 R1 51,61 30,19 Top 42,2 k

48 R12 42k2 R1 51,61 42,89 Top 42,2 k

49 R13 6k04 R1 50,34 34.000 Top 6,04 k

50 R14 6k04 R1 50,34 39,08 Top 6,04 k

51 R15 10k R1 66,85 37,81 Top 9,95 k

52 R16 10k R1 64,31 35,27 Top 9,94 k

53 R17 1k24 R2 104,95 34.000 Top 1,24 k

54 R18 1k24 R2 102,41 44,16 Top 1,24 k

55 R19 42k2 R1 89,71 32,73 Top 42,2 k

56 R20 42k2 R1 89,71 45,43 Top 42,2 k
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57 R21 6k04 R1 88,44 36,54 Top 6,04 k

58 R22 6k04 R1 88,44 41,62 Top 6,04 k

59 R23 10k R1 104,95 40,35 Top 10 k

60 R24 10k R1 102,41 37,81 Top 9,95 k

61 R25 1k24 R2 104,95 12,41 Top 1,24 k

62 R26 1k24 R2 102,41 22,57 Top 1,24 k

63 R27 42k2 R1 89,71 11,14 Top 42,2 k

64 R28 42k2 R1 89,71 23,84 Top 42,2 k

65 R29 6k04 R1 88,44 14,95 Top 6,04 k

66 R30 6k04 R1 88,44 20,03 Top 6,04 k

67 R31 10k R1 104,95 18,76 Top 9,95 k

68 R32 10k R1 102,41 16,22 Top 9,98 k

69 R34 100k 0207 28,115 25,745 Top 99,5 k

70 RN1 100K SIL9 16,05 45,43 Top GND-1: 98,5 

k  

- 2: 99,5 k  

- 3: 98,0 k  

- 4: 98,6 k  

- 5: 99,0 k  

- 6: 98,9 k  

- 7: 99,3 k  

- 8: 99,2 k

1 C1 150pF 3X5R2,54 64,31 49,24 Top 146 pF 

2 C2 150pF 3X5R2,54 66,85 61,94 Top 141 pF 

3 C3 150pF 3X5R2,54 64,31 30,19 Top 144 pF 

4 C4 150pF 3X5R2,54 66,85 42,89 Top 141 pF 

5 C5 100nF 3X5R2,54 50,34 55,59 Top 94,9 nF 

6 C6 100nF 3X5R2,54 50,34 36,54 Top 97,9 nF 

7 C7 150pF 3X5R2,54 102,41 32,73 Top 141 pF 
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8 C8 150pF 3X5R2,54 104,95 45,43 Top 141 pF 

9 C9 150pF 3X5R2,54 102,41 11,14 Top 144 pF 

10 C10 150pF 3X5R2,54 104,95 23,84 Top 142 pF 

11 C11 100nF 3X5R2,54 88,44 39,08 Top 96,6 nF 

12 C12 100nF 3X5R2,54 88,44 17,49 Top 95,8 nF 

13 C13 100nF 3X5R2,54 28,75 54,32 Top 97,6 nF 

14 C14 100nF 3X5R2,54 26,21 36,54 Top 98,3 nF 

15 C15 100nF 3X5R2,54 33,83 30,19 Top 96,9 nF 

32 K1 

WANNENSTE
CKER-16-
ST_HEBEL 

WANNENSTE
CKER-16-
ST_HEBEL 33,83 21,935 

Top 

- 

16 IC1 ULN2803 DIL18 16,05 51,78 Top - 

17 IC2 
MCP3208(DIL1
6) DIL16 14,78 39,08 

Top 
- 

18 IC3 LT1014A DIL14 57,96 55,59 Top - 

19 IC4 LM385Z-1.2 TO92 70,66 48,605 Top - 

20 IC5 LM385Z-1.2 TO92 70,025 62,575 Top - 

21 IC6 LT1014A DIL14 57,96 36,54 Top - 

22 IC7 LM385Z-1.2 TO92 70,66 29,555 Top - 

23 IC8 LM385Z-1.2 TO92 70,025 43,525 Top - 

24 IC9 LT1014A DIL14 96,06 39,08 Top - 

25 IC10 LM385Z-1.2 TO92 108,76 31,46 Top - 

26 IC11 LM385Z-1.2 TO92 
108,12

5 46,065 
Top 

- 

27 IC12 LT1014A DIL14 96,06 17,49 Top - 

28 IC13 LM385Z-1.2 TO92 108,76 9,87 Top - 

29 IC14 LM385Z-1.2 TO92 
108,12

5 24,475 
Top 

- 
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30 IC15 
MCP3208(DIL1
6) DIL16 36,37 41,62 

Top 
- 

31 IC16 LM385Z-2.5 TO92 23,67 29,555 Top - 

 

Integration Procedures 

 

 -

Q-ST-70-  

 All parts are soldered with the soldering iron. 

300°C for the connectors 

270°C for all other parts 

All soldered joints are checked with the USB Microscope
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Appendix D: Test Results 
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