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INTRODUCTION

The REXUS (Rockeborne EXperiments for University Students) programme is an annual
sounding rocket programme for universigjudents, which aims to provide practical
experience of real space projects.

REXUS is conducted by EuroLaunch and is a cost effective, easily accessible experiment
facility giving 3 minutes of spaceflight up #éoheight of approximatelyoskm.

EuroLaunchis a ceoperative agreement betwee&SCand the German Aerospace Center
(DLR), Mobile Rocket Base (MORABA) in the area sxiborbital services for sounding
rocket launches and stratospheric balloon flights.

REXUS is financed by the Swedish National SpacearBo(SNSB) and the German
Aerospace Center (DLR).

Figure 1-1: SSC, Esrange Space Center

The REXUS launchampaigns are held at the SSC, Esrange Space Center near Kiruna in
northern Sweden.

The REXUS payload is modularised to provide simple interfaces, good flexibility and
independence between experiment moduldg. to four experiment modules with a
355.6mm (14 inch) diameteand maximurtotal lengthof 800mm can be accommodated

in one payload. All payload service systems necessary for telecommunication, payload
control, launch, flight and recovery are included in the system.

This document describes informatidor a user of the REXUS system, including the
services offered by EuroLaunch. It defines the requirements that apply to the REXUS
experiment modules and gives design recommendations. It also includes a description of
the REXUS system, the programmatiermaknts, the prélight tests and the campaign
schedule and, finally, there is a chapter on quality assurance and safety.

If you require additional information on the REXUS system, please contact the
EuroLaunch project manager or the system engineer aiitinent project.
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Definitions

The REXUS system consists of the following components according to the EuroLaunch
definition.

REXUS The complete integrated vehicle to perform the flight.

Esrange Facilities Equipment used to monitor and control the vehidlging flight, and

telemetry receiving equipment.

Ground Support Equipmel REXUS supporting systems and equipment on ground.
(GSE)

Electric Ground Suppol Equipment used to control and communicate with various modules ¢
Equipment (EGSE) tests and fght.

Rocket Motor The partof REXUS giving the accelerating force.

Payload Experiment modules and &lroLaunchsubsystems.
Subsystems All systems required for flight control, recovery and telemetry.
Scientific Payload All experiment modules includgnthe experiments

Experiment Module Experiment equipment antb outer structure.

Hierarchy:

REXUS System
DVehicle

b DPayl oad

b b DScientific Payload / Experiment Modules
b b ¢ P ay IServicelSubsystems

b b DTM/ TC Systems
b b DPower System
b b DSensor s

b b DRadi o System
b b ¢ Re c oSystamy

b cRocket Motor

b

¢cGround Equi pment

DEsrangies Faci |l i
DE x p e r ModuteBround SupportEquipment
C S e r Bystem&roundSupportEquipment
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Abbreviations

AIT Assembly, Integration and Test

APID Application Identifier

ASAP As Soon As Possible

BF Body Frame Coordinate System

BNC Bayonet NeiltCorcelman

CD Countdown

CDR Critical Design Review

CPU Central Processing Unit

CRP Campaign Requirements Plan

CRC Cyclic Redundancy Check

CRP Campaign Requirements Plan

CSM Checksum

DLR Deutsches Zentrum fir Lufuind Raumfahrt (The German Aerospaa@ntie)
DTM Operation Call sign for DLRelemetry station
EAT Experiment Acceptance Test

EAR Experiment Acce@nce Review

ECSS European Cooperation for Space Standardization
EGSE Electric Ground Support Equipment (e.g. Service Module control box)
EMC ElectroMagnetic Compatibility

EMI ElectroMagnetic Interference

ESA European Space Agency

ESD Electro Static Discharge

ESRANGE Esrange Space Center

ESR ESRANGE

ETM Operational Call sign for Esrange telemetry station
EXP Experiment

E-Box Electronts Box

FAR Flight Acceptance Review

FEC Forward Error Correction

FET Field Effect Transistor

FRP Flight Requirements Plan

FRR Flight Readiness Review

FST Flight Simulation Test

GMSK Gaussian Minimum Shift Keying

GND Ground

GPS Global Positioning $stem

GS Ground Station

GSE Ground Support Equipment

HCD Hot Countdown

HK House Keeping

H/L Hard Line

H/W Hardware

ICD Interface control document

IH Igniter Housing
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I/F Interface

IPR Integration Progress Review

LB Launcher Box

LO Lift -Off (Sigral)

LT Local Time

M Minute

M Month

MFH Mission Flight Handbook

MORABA Mobile Raketenbasis (DLR)

MRL Medium Range Launcher

MTR Mid Term Review

NCR Non Conformance Report

NSROC NASA Sounding Rocket Operations Contract
PA Public Announcement (e.g.d@o monitors)
PAL Phase Alternating Line

PCM Pulse Code Modulation

PDR Preliminary Design Review

PE Payload Engineer

Pl Principal Investigator

PSD Power Spectral Density

PST Payload System Test

PTS Swedish Post and Telecom Agency

P/L Payload

QA Quality Assurance

REXUS Rocketborne Experiments for University Students
RF Radio Frequency

RFW Request for Waiver

RNRZz Randomized NRZ (a signalling modulation)
RXSM REXUS Service Module

SAF Safety Officer

SCI Project Scientist

SDC Serial Data Commads

SED Student Experimeribocumentation

SMC Service Module Commands

SNSB Swedish National Space Board

SODS Start/Stop of Data Storag8ignal)

SOE Start/Stop of Experimer{Signal)

STW Student Training Week

S/W Software

T Time before and after lsch noted with + or
TBC To Be Confirmed

TBD To Be Determined

TC Telecommand

TCU Telemetry Central Unit

™ Telemetry

TV Television
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UTE Userdefined Timer Event (Signal)
WGS84 World Geodetic System 1984
WT Walkie Talkie

ZARM Zentrumfur angewante Raumfahrttechnologie und Mikrogravitation
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http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100362/d20040622123217/No/ECSS-Q-70-71Arev1%2818June2004%29.pdf
http://ecss.nl/forums/ecss/dispatch.cgi/standards/showFile/100362/d20040622123217/No/ECSS-Q-70-71Arev1%2818June2004%29.pdf
http://www.tutiempo.net/en/Climate/KIRUNA_GEOFYSISKA/02-1998/20450.htm
http://www.tutiempo.net/en/Climate/KIRUNA_GEOFYSISKA/02-1998/20450.htm
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1.4

Applicable documents

[11] Montenbruck, Oliver & Gill, Eberhardatellite OrbitSpringer Verlag, 2000)

[12] Vallado, David A.:Fundamentals of Astrodynamics and ApplicatighGraw
Hill Companies, Inc, 1997)

[13] Sounding Rockets Program OfficBASA Sounding Rocket Program Handhook
(Suborbital & Special Orbital Projects Directorate, 2005)
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ALWAYS READ THIS

There is plenty of usefuhformation in this manual. Make sure that you have found and
understood the meaning of the following information.

Experiment safety

If there are hazardous items such as chemicalsfdlé®y objects, lasers, radiation, etc.
included in the experimentthere may be a need for further investigation by the Esrange
Safety Board. This may take some time anousth be done early in the design process.

Durability of your experiment

During the prelight tests and the countdown, the experiments will be turmednal off
several timever the course of many hours and multiple d&ake sure that there is
enough battery, memoretc. to survive these activities, in addition to that which is
required for the flight.

Spin and balance

Before the start of the campai, the rocket will be balancgduring the Environmental
Tests) After this there will not be any changes permitted in the payload configuration that
could result in changes in magsertial momenbr balance.

Transceivers
All equipment that emits or retves RF must have Esrange permission to do so.
Radio Frequency interference test and flight simulation

After the RF test it is not permitted to make any changes to the experiments before flight.
If you miss this test during the campaign preparation plitasey be necessary to remove
your experiment or fly the rocket with your experiment turned off. If your experiment
disturbs any of the flight systems, it will not be flown at all.

Weather constraints

It is not possible to guarantee a launch during amgcifip week, due to weather
constraints. Make sure that your experiment can be operated by Esrange staff, in case the
launch is postponed beyond the date when you have to leave.

Planning

It is essential to have a builgp plan and checklists for your expeent. Without these,
there is a significant risk of failures and delays during the campaign week.

Safety in launch area

No one is allowed to visit the motor preparation hall or the latolers without the
permission of the Operations Officer.

Radio Sience

During arming of the rocket motors, it is strictly forbidden to transmit or to do any power
switching of the experiments or their subsystems.




Pagel7

REXUS User Manual

Eu:gg!s.cnqNCH

Campaign Requirements Plan Flight Requirements Plan

This is a document that is compiled by the EuroLauPotject Manager based on input
and requests from all experiment teams. Without good information, well before the
campaign, it might be impossible to fulfil a requirement such as the provision of gases,
special tools, etc.

Our goal is to have a successfulnd enjoyable campaign with all teams and their
experiments. You are always welcome to contact us with any questions.
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3.1

3.2

REXUS PROJECT OVERVIEW AND MILESTONES

Project Organisation

The technical support in the integration and testing phase, as well as tpaigram
management and operations is provided by EuroLalfwwtolLaunch is a joint venture of
SSC andhe Mobile Rocket Base (MORABA) dhe German Aerospadeente (DLR).
The DLR project shareoncerning integration, testing and student support is provaged
ZARM under contract oDLR Space Administratian

When EuroLaunch is mentioned in this document, it means that all three instit@®@s (
MORABA andZARM) may be involved.

The scientific evaluation of the experiment proposals and the financial sugptre
students are the responsibility of theR SpaceAdministrationand the Swedish National
Space Board (SNSB), in the latter case through cooperation with the European Space
Agency (ESA).

At EuroLaunch the following kepositions will be assigned favery flight project:

Project manager

Payload manager

Mechanical design responsible

Electrical design responsible

Telemetry (TM) and Telecommand (TC) systems responsible

1 Electric Ground Support Equipment (EGSE) responsible

One person can have dual assignis.

Additional positions will be assigned during the campaign, see chhter

=4 =4 =4 4 =4

The majority of the communication between EuroLaunch and the expérieans shall
pass through therpjectmanagers.

Flight Ticket

IntheREXUS #Aflight ticketo, which is offered
following services are included:

1 General management and planning of the REXUS project
1 Provision of the launch vehicle and subsystems necessary for a spaceflight mission.

1 Integration of participating experiment modules into the flight configured paygodd
preflight testing of the payload (TM, TC, flight simulation test, dynamic balancing,
vibration tests and determination of physical properties).

Transport of modules fronté integration facility to Esrange.
Payload assembly and testing at the range over 5 days (nominally).

Provision of laboratory facilities at the range.

= =4 4 =

Launch and recovery.
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3.3

3.4

1 Data acquisition with provisions of retne, quicklook and replay data from the
modules and the payload syistems (e.g.-tpvels).

Disassembly of payload and return of experiments.
Post flight report.

Experi menterds Rol e

Once selected to participate in the REXUS/BEXUS programme, the teams become a part
of the mission team. Their pnary responsibility is to ensure the timely delivery of their
portion of the scientific payload in good ord&his responsibility extends to defining the
investigation, providing the instrumentation, timely processing of data, and publishing of
results. The experimenters must also contribute to establishing and conducting the
operational programme through correspondence and fulfilment of the documentation
requirements

The successful operation of experiments is vital to theverall success of the
REXUS/BEXUS missions. EuroLaunch supports the teams in order to see the good
scientific returns. Information and expertise is available where required for assisting
decisions relating to design, component, materials, operation, and any other mission related
issues Final decisions are normally left to the experimenters but if required (by safety or
otherwise), EuroLaunch withholds the right to enforce decisions on any issue. Before
flight, the experimenters must successfully convince EuroLaunch through testing,
simuation, and documentation that their experiment is fit and safe for flight.

The experimenters are responsible for developing and providing the scientific payloads and
support equipment provided. EuroLaunch can aide with many of these issues but the team
is responsible for ensuring that these argansed in a timely manner. They are also
responsible for ensuring that the experiments conform to all required electrical and
mechanical interface specifications, meets safety requirements, and survives the fligh
EuroLaunch assists in all these issues where possible but the experimenters must keep in
mind that ensuring the resolution of issues is their responsibility.

Project Planning

A detailed project plan and time schedule will be released by EuroLaunabpasas
possible after the selection workshop. These will be regularly updated during the project.

A general progress plan for REXUS flight projects is listed below. Detailed descriptions of
reviews and tests are given in cha@er

3.4.1 Indicative Timetable
T-18 m Call for experiment proposals

T-16 m Proposal submission deadline

T-16 m Proposal shortlisting

T-15.5m Selection workshop at ESTEC (ESA) / Bonn (DLR), presentation of prop
T-15m Final experiment selection
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T-13.5m SED v10 submitted

T-13m Student Training Week (STW) at SSC, Esrange Space Center or
MORABA facilities. Preliminary Design Review (PDR)

T-9m SED v20 submitted

T-85m  Critical Design Review (CDR) at ESTEC (ESA) / OberpfaffenhofebhRp
including soldering course

T-7.5m  SED v30 submitted
T-7m | PR at experimentersdé organisati
T-45m  EAR at experimenteés o0 r g aor a SARMSISE facility

T-4m Delivery of Experimentsto Integration Wek (ITW) at ZARM Bremen
(experimentersequired)

T-25m  Bench Test at DLROberpfaffenhoferfexperimenters required)
T-1m SED v40 submitted

T-0.5m Spin and Balance Test (experimenters not required)

T+0 m Campaign at Esrange

T+0.5m  Flight Report Documentation from experimentarbraitted
T+l m Distribution of the REXUS post flight Repdsy EuroLaunch
T+3 m SED v50 submittedncluding experiment results

T+4 m Publication of Final Report/Results Seminar

Experimenter Documentation Requirements

3.5.1 Student Experiment Documentation (SED)

The SED provides EuroLaunch and other stakeholders from SNSB,[H&Aand ZARM

with all the important information on a particular experiment. During the phases of
experiment developmenproduction and flight, the SED will be the main documentation
for students to describe their experimand 5 frozen versions will be provided ($24.1).

All documentation relatingo the requirements of this documentnche found at the
REXUS/BEXUS Team i, including the SED guidelireegand SED template documents.

3.5.2 Campaign Requirements Plan/Flight Requirements Plan

Any requests for input from EuroLaunch must be fulfilled by the student teEnms.
document is a reference document for the many peoplenithbe involved in the launch
of experimentsand care must be taken that information is correct and clear to avais e
beingmade concerning the experiments. Thesgiirements will be made on an individual
basis with each of the teams.
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3.5.3 Flight Report Documentation

EuroLaunchrequiresa postflight report document for inclusion in the Flight Report that
must be produced followmgneach launchThe experimenters must submit only one to two
pages regarding performance of their experiment during the flight and preliminary results
when posthle. This must be submittetvo weeks after the launch campaign (each
experiment team is expected to present a preliminary performance overview whilst at the
campaign following the launch)
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4.1

REXUS SYSTEM

REXUS Vehicle

A typical REXUS vehicle consists ofaaestage rocket, an Improved Orion motor, and the
payload. Thigocket gives approximately three minutes of spaceflight with a payload mass
of up to 95kg, including the service and recovery systems.

Experiment Module 2 Experiment Module 1

o "‘E. 1 . 10356 mm Rocket  Fin y 4
= Service Motor
Module /

(Ejectable)
Experiment

A
— ey

Imp. Orion -

Recovery _/

Module Tailcan

Ejectable
Nosecone

5.6 m
Figure 4-1: REXUS Standard Configuration

A typical configuration is shown iRigure4-1. Each configuration is designed to optimise
vehicle and experiment characteristics.

4.1.1 Service Module

The objectives of the Serviddodule are to establish the communication between the
ground and the experiments, and to control the experiments. Furthermore, the Service
Module monitors the quality of the ambient conditions, the flight parameters (acceleration,
angularrates) and thedusekeeping data. It also delivers powdhtmexperiments.

The Service Mdule consists of two sections. The first one contains the electronic part of
the Service Module @Box), while the other devices such as-pd&ts, GPS, sensors and
batteries are maued on the bulkhead of this module.

The Service Module has four main electrical interfaces to its environment:
- to the EGSE via umbilical
to the experiments, recovery, GPS system

to the ignition unit, separation unit and-yo system
to the ground via RRrks by the PCM and the Video transmitter
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Figure 4-2: REXUS Service System (RXSM)

Rate
Sensors \ <
Attitude b
Control [ ~ P
+Bogj‘ds <
Processor
Recovery >
Interface Boards
¢ > H Power
Unit o Distribution
> .| Telemetry
T A Transmitter
UHmtc)jiII'ical T ~Telecommand
s «— Accelero-| | Rate- | I Receiver
Power <4— r;ce?:rrso G?r:s Eelicnes
TV
* Transmitter

Figure 4-3: REXUS E-Box Block Diagram

4.1.2 Rate Control

A de-spin systen(the YoYo) can be used to reduce the stabilising spin after the launch
phase This is not part of the REXUS single stage standard configuratimrocket will

be despun from approximately 4 Hz to a maximum spin rate 68z (30°/s) in a
clockwise drection when viewed from the rear.
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4.2

4.1.3 Recovery Module

The recovery module igositioned in the back end of the payload and contains a drogue
chute, which deploys the main chute. It also contains a heat shield, which protects the
parachutes during +entry. Baometric switches initiate the pyrotechnic sequence for
ejecting the heat shield and releasing the parachutes.

The recovery system is capable of landing payloads with the designated payload mass from
approximately 100 km apogee. The system is designe@deletate from 150 m/s sink
velocity to 8 m/s impact velocity.

4.1.4 Homing Aid

The vehicle is equipped with a GiP&eiver from which the service module can receive
time and position information during flight. The GPS8sition is transmitted via the
telemetry ream. The recovery team in the helicopter can be equipped with-redder

in order to acquire the GR%sition for quick and easy location of the payload. An
autonomous homing beacon transmitter is also included in the recovery system. The
payload is ormally brought back to Esrange within a few haafrkaunch.

4.1.5 TV-Channel
One analogue TV channel is available for video transmission from one experiment.

The TV signal should be a standard P@&/G) with 1Vss at 750hms. To connect this
signal to the RXS! a BNC connector should be used.

Body Frame Coordinate System

For REXUS the Body Frame Coordinate system (BF) is used for the orientation of rocket
components and experiments. Drawings of components and experiments should respect
this axis definition. Acelerations are measured with the accelerometers referring to this
coordinate system. The longitudinal axis is the-agis zsr, which along with thepitch-

axis xgr and theyaw-axis ysr build a right hand system.

Yor Yaw (90°)

A>aN

Roll

XN
Pitch (0°)

XN

Figure 4-4: Definition of the REXUS BF-System
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4.3

The BF angle velocitiegf, # and g and the Roimomentum L, the PiteMomentum M
and the Yawmomentum N are defined Figure4-4.

The origin of the system is located at the interface betweemithter adapteand the
payload on the longitudinal axis of the REXUS vehicle.

Performance and Flight Sequence

The performance of the REXUS rocket may be adapted to thpeatese mission
requirements.

In the following tables, the flight sequenaedg-levels froma typical REXUS flight with
an Improved Oriommotorare presented.

4.3.1 Nominal trajectory

The nominal REXUS flight trajectory is dependent on payload mass and catibgas
well as latest motor data. Please read theljgiet version of the Flight Requirement Plan
for valid flight events and nominal trajectory datde following table gives an overview
of the flight events during the REXUB) mission. The yeyo rdease (Chaptet#.1.2 for
de-spin of the rockeis not part of the standard configuration.

Table 4-1: REXUS-10 Approximate Flight Events

EVENT Time (s) Altitude (km) Range (km)
Lift-off 0.00 0.332 0.00
Burn-Out 26.00 20.38 2.83
Nose Cone Ejection 61.00 52.73 8.89
PossibleYo-Yo Release 65.00 55.68 9.58
Motor Separation 66.00 56.39 9.76
Apogee 140.00 8245 22.42
Payload Impact ~800 0.6 42.77
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4.3.2 Graphs of typical trajectory

Graphsbased orGPS datdor theflight of REXUS-10. The valid nominal trajectory data
of your mission will be part of the Flight Requirement Plan.
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ADLR and SSC coopera

As mentioned the total apogee is strongly dependant on the payloadswksaanstrated
by the previous REXUS missions (note the designated ground range change for REXUS 5
and 6).

Note: dashed lines refer to predicted rather than recorded data, where data is missing or
corrupt.

90000
80000
= REXUS 5, 101.7kg, 80km Ground Range
——REXUS 6, 95.1kg, 80km Ground Range
70000 ——REXUS 7, 121.7kg

= REXUS 8, 105.2kg
~— REXUS 9, 120.5kg
~——REXUS 10, 112.3kg
REXUS 12, 114.18kg

Altitude above mean sea level (m)

Flight Time (s)

Figure 4-5: Altitude vs. Flight Fime for Previous REXUS Missions.

]

Altitude vs. Flight Time

88000
——REXUS 5, 101.7kg, 80km Ground Range
e REXUS 6, 95.1kg, 80km Ground Range
86000 ——REXUS 7, 121.7kg,

~———REXUS 8, 105.2kg
———REXUS 9, 120.5kg
~=REXUS 10, 112.3kg

:

~—REXUS 12, 114.18kg

g

Altitude above mean sea level (m)
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Figure 4-6. Apogee Focus for Altitude vs. Flight Time for Previous REXUS Misions
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Figure 4-7: Altitude vs. Ground Range for Previous REXUS Missions




























































































































