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 →	FOREWORD 

Welcome to the exciting world of microgravity research. ESA invites you to embark on a tour through all the 
platforms and ground-based facilities available to European scientists. Apart from giving an overview of all the 
microgravity research opportunities, part of this journey is devoted to explaining how to gain access to the related 
facilities and resources.  

This ESA User Guide to Low Gravity Platforms provides up to date information on the International Space Station, 
as well as on other ESA low-gravity platforms and ground-based facilities. It is also a first step in familiarising 
potential users with this fascinating research environment. 

This guide is a ‘living document’. Sections will be updated as required by the development in a given area. Please 
check also our website  eug.spaceflight.esa.int for the latest applicable version.

A shining example of global cooperation, the International Space Station has become a versatile research laboratory 
and a test centre for new technologies. Scientific utilisation is well underway and produces good results for the 
scientific community in Europe and beyond. 

I sincerely hope that this guide encourages you to consider the unique opportunity ESA is offering to utilise an 
extensive range of facilities and resources for performing your scientific experiments. 

Thomas Reiter
ESA Director of Human Spaceflight and Operations
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 →	PURPOSE OF THE USER GUIDE 

The ESA User Guide to Low Gravity Platforms is 
intended to provide an overview of what the four  
low gravity platforms sponsored by ESA are, and how 
they are made available to people wishing to use 
them for either scientific, educational or commercial 
purposes. For the same purpose, a chapter about 
ground-based facilities has been added to this guide 
giving an overview of available facilities in Europe.

The four low gravity platforms covered by this Guide 
are the following:

•	 drop tower;
•	 parabolic flights;
•	 sounding rockets;
•	 International Space Station (ISS).

The Guide does not seek to lay down rules, but as it 
suggests, simply offers guidance in understanding 
whether or not the capabilities and resources  
provided by each of the four platforms meet the 
requirements of the Users’ needs. The Guide has been 
written with the intention of satisfying three classes 
of people:

•	 the general public;
•	 potential users of ESA sponsored low gravity 

platforms and ground-based facilities;
•	 current/experienced users of ESA sponsored low 

gravity platforms and ground-based facilities.

In order to understand all the details involved in 
accessing the platforms, a considerable amount 
of information has to be studied and understood.  
It would be impossible, within the scope of this  
Guide, to cover all this material, and it is for this  
reason that the major objective is to only present 
the most important basic information. Where more 
details are required, Users are given the appropriate 
document references, web links, or contact 
coordinates.

For regular updates of information and contact 
coordinates please visit the following website for
the on-line version of the ESA User Guide to Low 
Gravity Platforms: eug.spaceflight.esa.int



6 ESA User Guide to Low Gravity Platforms



7ESA User Guide to Low Gravity Platforms

 →	REVISION RECORD 

Issue.Revision	 Date	 Pages affected	 Title 
			 

1.0 	 25/05/2001   	 All	� International Space 
Station Users Guide

2.0	 09/09/2005	 All	� European Users 
Guide to Low Gravity 
Platforms

3.0	 16/12/2014	 All	� ESA User Guide to Low 
Gravity Platforms



8 ESA User Guide to Low Gravity Platforms



9ESA User Guide to Low Gravity Platforms

1 Introduction 	  1-1
1.1 	 Background 	  1-1
1.2 	 Relation to ground-based facilities 	  1-1
1.3 	 Structure of the User Guide 	  1-1
1.4 	Overview 	  1-2
1.5 	 General information and advice 	  1-4
	 1.5.1 Erasmus Experiment Archive (EEA) 	  1-4
	 1.5.2 Contacts 	  1-5

2 The Access Process 	  2-1
2.1 	 Overview 	  2-1
2.2 	European Space Agency access routes 	  2-1
	 2.2.1 Periodic Announcements of Opportunity 	  2-1
		  2.2.1.1 Contents of a proposal 	  2-1
				    Cover page 	  2-1
				    Proposal abstract 	  2-1
				    Project description 	  2-2
				    Biographical sketches 	  2-2
				    Facilities and equipment 	  2-2
		  2.2.1.2 Proposal evaluation 	  2-2
		  2.2.1.3 Evaluation criteria 	  2-2
		  2.2.1.4 Contacts 	  2-3
	 2.2.2 Continuously Open Research Announcement 	  2-4
		  2.2.2.1 Work package breakdown and financial form 	  2-4
		  2.2.2.2 Evaluation criteria 	  2-4
		  2.2.2.3 Contacts 	  2-5
	 2.2.3 Access for media 	  2-5
	 2.2.4 Introduction to coordinated research 	  2-5
	 2.2.5 Topical teams 	  2-6
	 2.2.6 Fundamental and applied research projects 	  2-7
	 2.2.7 Commercial access 	  2-8
		  2.2.7.1 The Open Call for Commercial Proposals 	  2-8
		  2.2.7.2 The Commercial Proposal – structure and content 	  2-8
		  2.2.7.3 Evaluation procedure 	  2-8
		  2.2.7.4 Contract negotiation – Intellectual Property Rights (IPR) and marketing rights 	  2-8
				    Intellectual Property Rights (IPR) 	  2-8
				    Marketing Rights 	  2-9
	 2.2.8 Student access 	  2-10
 		  2.2.8.1 Centrifuge 	  2-10
		  2.2.8.2 Drop tower 	  2-10
		  2.2.8.3 Sounding Rocket and Stratospheric Balloons 	  2-11
		  2.2.8.4 International Space Station 	  2-11
				    European ISS robotics 	  2-11
				    European Astronaut Corps 	  2-12 
2.3 	Complementary access routes 	  2-12

 →	table of contents 



10 ESA User Guide to Low Gravity Platforms

	 2.3.1 Drop towers 	  2-12
		  2.3.1.1 Funding via national agencies 	  2-12
		  2.3.1.2 ZARM Funding 	  2-12
				    Conditions 	  2-12
				    Support and services 	  2-12
				    Applications 	  2-12
		  2.3.1.3 Co-funding through DLR 	  2-12
	 2.3.2 Parabolic Flights 	  2-13
		  2.3.2.1 Funding via national agencies 	  2-13
	 2.3.3 Sounding rockets 	  2-13
		  2.3.3.1 Funding via national agencies 	  2-13

3 Ground Based Facilities 	  3-3
3.1 	 Introduction to ground-based facilities 	  3-3
	 3.1.1 What are ground-based facilities? 	  3-3
	 3.1.2 What do ground-based facilities offer?	  3-3
3.2 	An overview of ground-based facilities 	  3-3
	 3.2.1 Bedrest facilities 	  3-3
	 3.2.2 Isolation and confinement, pressure chambers and climate chambers 	  3-4
		  3.2.2.1 Isolation studies 	  3-4
		  3.2.2.2 Concordia station 	  3-5
		  3.2.2.3 The Mars 500 Isolation Facility 	  3-6
		  3.2.2.4 Pressure and climate chambers 	  3-6
	 3.2.3 Hypergravity devices 	  3-6
		  3.2.3.1 Centrifuges 	  3-6
		  3.2.3.2 Human centrifuges 	  3-6
		  3.2.3.3 Non-human centrifuges 	  3-7
	 3.2.4 Linear and angular accelerators 	  3-7
	 3.2.5 Clinostats, free-fall machines, and random positioning devices 	  3-7
	 3.2.6 Telemedicine and metrics facilities 	  3-8
	 3.2.7 Integrated bio-processing, tissue engineering facilities 	  3-8
	 3.2.8 Magnetic resonance facilities 	  3-8
	 3.2.9 Movement analysis, physical and skills training facilities 	  3-9
		  3.2.9.1 CAR Centre, Barcelona, Spain 	  3-9
	 3.2.10 Animal physiology facilities 	  3-9
	 3.2.11 Plant physiology facilities 	  3-9
		  3.2.11.1 Plant Biocentre and Norwegian User Support and Operations Centre, 
			   University of Science and Technology, Trondheim, Norway 	  3-9
		  3.2.11.2 Multispectral Plant Imaging, University of Ghent, Belgium 	  3-9
	 3.2.12 Magnetic levitation facilities 	  3-9
	 3.2.13 Biotechnology and life support systems facility 	  3-10
	 3.2.14 Extreme environments facility 	  3-10
	 3.2.15 Radiation testing facilities 	  3-10
	 3.2.16 Fluid science facilities: surface tension 	  3-11
	 3.2.17 Materials science facilities: crystallisation 	  3-11
	 3.2.18 Materials science facilities: solar power 	  3-11
	 3.2.19 Materials science facilities: wind tunnels 	  3-11
	 3.2.20 Erasmus Centre High Bay 	  3-12
		  3.2.20.1 Drop Tower demonstrator 	  3-13
3.3 	References 	  3-18



11ESA User Guide to Low Gravity Platforms

4 Drop Tower 	 4-1
4.1 Introduction 	  4-1
	 4.1.1 What are drop towers? 	  4-1
	 4.1.2 What do drop towers offer? 	  4-1
	 4.1.3 Why use drop towers? 	  4-2
	 4.1.4 Principal characteristics of the ZARM drop tower 	  4-2
4.2 Physical environment 	  4-3
	 4.2.1 Pressure environment 	  4-3
	 4.2.2 Thermal environment 	  4-3
	 4.2.3 Accelerations 	  4-3
4.3 Scientific research topics suitable to the ZARM Drop Tower 	  4-6
4.4 Payload accommodation 	  4-7
	 4.4.1 Mechanical aspects of the drop tower capsule 	  4-7
		  4.4.1.1 Experiment platforms 	  4-8
	 4.4.2 Electrical aspects of the drop tower capsule 	  4-8
		  4.4.2.1 Experiment Power Control (EPC) unit 	  4-8
		  4.4.2.2 Electromagnetic Compatibility 	  4-9
	 4.4.3 Electronic aspects of the drop tower capsule 	  4-9
		  4.4.3.1 Experiment control 	  4-9
		  4.4.3.2 Capsule Control System (CCS) 	  4-9
		  4.4.3.3 Virtual serial interface 	  4-10
	 4.4.4 Safety requirements 	  4-10
4.5 The catapult system 	  4-11
4.6 Available facilities and resources 	  4-12
	 4.6.1 Laboratories, workshops and workplace 	  4-12
	 4.6.2 Accommodation 	  4-12
	 4.6.3 Special equipment 	  4-12
	 4.6.4 CCD-Cameras, VCRs, lenses 	  4-12
	 4.6.5 Digital High-Speed CMOS Imaging System 	  4-12
	 4.6.6 Heating and cooling devices 	  4-13
	 4.6.7 Non-standard voltage-/ current-supply 	  4-13
	 4.6.8 Vent-line 	  4-13
	 4.6.9 Micro-g centrifuge 	  4-14
4.7 Payload life cycle and major milestones 	  4-15
4.8 Utilisation/Operational cycle of the ZARM drop tower 	  4-17
4.9 References 	  4-19

5 Parabolic Flights 	  5-1
5.1 Introduction to parabolic flights 	  5-1
	 5.1.1 What are parabolic flights? 	  5-1
	 5.1.2 What do parabolic flights offer? 	  5-1
	 5.1.3 Why use parabolic flights? 	  5-1
	 5.1.4 Principal characteristics of the Airbus A300 “ZERO-G” aircraft 	  5-2
	 5.1.5 Parabolic flight manoeuvres 	  5-4
	 5.1.6 Partial gravity levels 	  5-5
	 5.1.7 Public access to parabolic flights 	  5-5
5.2 Physical environment 	  5-6
	 5.2.1 Cabin pressure 	  5-6
	 5.2.2 Cabin temperature 	  5-6
	 5.2.3 Illumination 	  5-6



12 ESA User Guide to Low Gravity Platforms

	 5.2.4 Acceleration levels 	  5-6
5.3 Scientific and technological research topics suitable to parabolic flights 	  5-7
5.4 Payload accommodation 	  5-9
	 5.4.1 Structural requirements 	  5-9
	 5.4.2 Safety 	  5-9
		  5.4.2.1 Safety visit 	  5-9
	 5.4.3 Other general guidelines 	  5-10
	 5.4.4 Biomedical experiments with human subjects 	  5-10
5.5 Available flight facilities and resources 	  5-11
	 5.5.1 Electrical power and interfaces 	  5-11
	 5.5.2 Overboard vent system 	  5-12
	 5.5.3 Data recording and accelerometers 	  5-12
	 5.5.4 Safety and emergency procedures 	  5-12
5.6 Ground support facilities 	  5-13
5.7 Legal aspects 	  5-14
	 5.7.1 Confidentiality 	  5-14
	 5.7.2 Liability and insurance 	  5-14
5.8 Human aspects 	  5-15
	 5.8.1 Medical Aspects 	  5-15
	 5.8.2 Pre-flight briefing 	  5-16
5.9 Payload documentation development 	  5-17
	 5.9.1 ESDP form 	  5-17
		  5.9.1.1 Title of the experiment and team coordinator name 	  5-17
		  5.9.1.2 Experiment objectives 	  5-17
		  5.9.1.3 Experiment description 	  5-17
		  5.9.1.4 Technical description of the experiment set-up 	  5-17
		  5.9.1.5 Electrical consumption 	  5-17
		  5.9.1.6 Mechanical resistance analysis 	  5-17
		  5.9.1.7 In-flight procedures and in-flight personnel 	  5-17
		  5.9.1.8 Pressure vessel certification (if applicable) 	  5-17
		  5.9.1.9 Vent line connection and other requests 	  5-17
		  5.9.1.10 Certification for use of human subjects (if applicable) 	  5-17
		  5.9.1.11 Hazard analysis 	  5-17
			   Experiment hazard evaluation 	  5-18
			   Hazard List 	  5-18
			   Hazard Report preparation 	  5-18
5.10 Payload life-cycle and major milestones 	  5-18
5.11 Operational cycle of a parabolic flight campaign 	  5-20
5.12 References 	  5-22

6 Sounding Rockets 	  6-1
6.1 Introduction to sounding rockets 	  6-1
	 6.1.1 What are sounding rockets? 	  6-1
	 6.1.2 What do sounding rockets offer? 	  6-1
	 6.1.3 Why use sounding rockets? 	  6-2
	 6.1.4 Principal characteristics of sounding rockets used by ESA 	  6-2
		  6.1.4.1 TEXUS 	  6-3
		  6.1.4.2 MASER 	  6-7
		  6.1.4.3 MAXUS 	  6-7
	 6.1.5 Sounding rocket mission profile 	  6-9



13ESA User Guide to Low Gravity Platforms

		  6.1.5.1 TEXUS and MASER 	  6-10
		  6.1.5.2 MAXUS 	  6-12
	 6.1.6 Launch and landing site 	  6-14
6.2 Physical environment 	  6-15
	 6.2.1 Acceleration levels 	  6-15
	 6.2.2 Thermal environment 	  6-15
6.3 Scientific research topics suitable for sounding rockets 	  6-16
6.4 Payload accommodation 	  6-18
6.5 Available flight resources 	  6-19
	 6.5.1 Service Module 	  6-19
		  6.5.1.1 Telemetry System 	  6-19
		  6.5.1.2 Telecommand System 	  6-19
		  6.5.1.3 Rate Control System 	  6-19
		  6.5.1.4 Acceleration measurement 	  6-19
	 6.5.2 TV module 	  6-19
	 6.5.3 MAXUS Rocket Systems 	  6-19
		  6.5.3.1 Interstage Adapter 	  6-19
		  6.5.3.2 Telemetry and Tracking Unit (TTU) 	  6-20
		  6.5.3.3 Guidance Control System (GCS) 	  6-20
	 6.5.4 Recovery system 	  6-20
	 6.5.5 External temperature control 	  6-20
6.6 Ground support facilities 	  6-20
	 6.6.1 Main building 	  6-20
	 6.6.2 Launching area 	  6-20
		  6.6.2.1 Offices 	  6-20
		  6.6.2.2 Payload assembly hall 	  6-21
		  6.6.2.3 Laboratories 	  6-21
		  6.6.2.4 Workshop 	  6-21
		  6.6.2.5 Users’ blockhouse 	  6-21
		  6.6.2.6 Storage 	  6-22
	 6.6.3 Scientific Centre 	  6-22
		  6.6.3.1 Telemetry 	  6-22
	 6.6.4 Telescience 	  6-22
	 6.6.5 TV centre 	  6-22
	 6.6.6 Late access/early retrieval 	  6-23
	 6.6.7 Recovery of payloads 	  6-23
	 6.6.8 Accommodation at Esrange 	  6-23
6.7 Legal aspects 	  6-24
6.8 Safety 	  6-24
	 6.8.1 Safety organisation 	  6-24
	 6.8.2 Operations and Scientific Centres 	  6-24
	 6.8.3 Dangerous materials 	  6-24
	 6.8.4 Experiment module safety 	  6-24
6.9 Payload Assembly, Integration and Test (AIT) 	  6-25
	 6.9.1 Experiment module status at delivery 	  6-25
	 6.9.2 Module Incoming Inspection 	  6-25
	 6.9.3 Payload assembly and interface tests 	  6-25
		  6.9.3.1 Mechanical interface test 	  6-25
		  6.9.3.2 Electrical interface test 	  6-25
	 6.9.4 Payload system tests 	  6-25



14 ESA User Guide to Low Gravity Platforms

		  6.9.4.1 Module checkout 	  6-25
		  6.9.4.2 Mass properties and balancing 	  6-25
		  6.9.4.3 Spin test 	  6-25
		  6.9.4.4 System Electrical Test 1 and Electromagnetic interference check 	  6-25
		  6.9.4.5 Vibration test 	  6-25
		  6.9.4.6 System Electrical Test 2 	  6-26
		  6.9.4.7 Flight Simulation Test 	  6-26
6.10 Payload life cycle and major milestones 	  6-27
6.11 Operational cycle of a sounding rocket campaign 	  6-29
6.12 References 	  6-31

7 International Space Station – ISS 	  7-1
7.1 Introduction to the ISS 	  7-1
	 7.1.1 What is the ISS? 	  7-1
	 7.1.2 What does the ISS offer? 	  7-3
	 7.1.3 Why use the ISS? 	  7-3
	 7.1.4 Principal parameters and characteristics of the ISS 	  7-3
	 7.1.5 Major elements and launch dates 	  7-5
	 7.1.6 Launch and transfer vehicles 	  7-16
		  7.1.6.1 Automated Transfer Vehicle (ATV) 	  7-19
7.2 Operational parameters of the ISS 	  7-20
	 7.2.1 Altitude 	  7-20
		  7.2.1.1 Standard Mode 	  7-21
		  7.2.1.2 Re-boost Mode 	  7-21
		  7.2.1.3 Example operational modes timeline 	  7-21
	 7.2.2 Inclination 	  7-23
	 7.2.3 Attitude 	  7-24
		  7.2.3.1 ISS coordinate systems 	  7-24
		  7.2.3.2 ISS attitude 	  7-24
		  7.2.3.3 X-axis in the Velocity Vector (XVV) attitude 	  7-24
		  7.2.3.4 Y-axis in the Velocity Vector (YVV) Attitude 	  7-25
		  7.2.3.5 Optimal attitude of the ISS 	  7-25
7.3 Gravity 	  7-27
	 7.3.1 Quasi-steady accelerations 	  7-27
	 7.3.2 Vibratory accelerations 	  7-27
		  7.3.2.1 Rack level isolation systems 	  7-28
			   7.3.2.1.1 Active Rack Isolation System 	  7-28
			   7.3.2.1.2 Passive Rack Isolation System (PaRIS) 	  7-29
		  7.3.2.2 Sub-rack level isolation systems 	  7-29
			   7.3.2.2.1 Microgravity Isolation Mount (MIM) 	  7-29
	 7.3.3 Transient accelerations 	  7-29
	 7.3.4 Measuring the ISS microgravity environment 	  7-31
7.4 Internal environment 	  7-33
	 7.4.1 Cabin atmosphere 	  7-33
	 7.4.2 Illumination 	  7-34
	 7.4.3 Interior colour 	  7-34
	 7.4.4 Internal contamination 	  7-34
	 7.4.5 Noise 	  7-34
	 7.4.6 Touch temperatures 	  7-35
7.5 External environment 	  7-36



15ESA User Guide to Low Gravity Platforms

	 7.5.1 Induced external environment 	  7-36
		  7.5.1.1 Quiescent periods 	  7-36
			   7.5.1.1.1 Molecular column density during quiescent periods 	  7-36
			   7.5.1.1.2 Particulate background during quiescent periods 	  7-36
			   7.5.1.1.3 Molecular deposition during quiescent periods 	  7-36
		  7.5.1.2 Non-quiescent periods 	  7-36
			   7.5.1.2.1 Molecular deposition during non-quiescent periods 	  7-36
	 7.5.2 Natural external environment 	  7-36
		  7.5.2.1 Pressure 	  7-36
		  7.5.2.2 Thermal environment 	  7-38
		  7.5.2.3 Humidity 	  7-39
		  7.5.2.4 Atomic oxygen 	  7-39
		  7.5.2.5 Electromagnetic radiation 	  7-39
		  7.5.2.6 Plasma 	  7-39
		  7.5.2.7 Ionising radiation 	  7-39
		  7.5.2.8 Radiation dose environment 	  7-44
				    7.5.2.8.1 Single Event Radiation Dose Environment 	  7-44
		  7.5.2.9 Plume impingement 	  7-44
		  7.5.2.10 Meteoroids and orbital debris 	  7-46
7.6 Scientific utilisation of the ISS 	  7-47
	 7.6.1 Life and Physical Sciences 	  7-47
	 7.6.2 The ELIPS programme 	  7-47
		  7.6.2.1 Objectives of the ELIPS programme 	  7-48
		  7.6.2.2 Criteria for defining the ELIPS research plan 	  7-48
		  7.6.2.3 Research strategy 	  7-48
		  7.6.2.4 Research domains and cornerstones of the ELIPS programme 	  7-48
			   7.6.2.4.1 Fundamental physics 	  7-48
			   7.6.2.4.2 Fluid and combustion physics 	  7-48
			   7.6.2.4.3 Material sciences 	  7-48
			   7.6.2.4.4 Human Research 	  7-49
			   7.6.2.4.5 Astro/exobiology and planetary exploration 	  7-49
			   7.6.2.4.6 Biology 	  7-49
	 7.6.3 Announcements of Opportunity for ISS experiments 	  7-49
	 7.6.4 Education and Outreach 	  7-49
7.7 ISS resources and partner utilisation rights 	  7-50
	 7.7.1 ESA utilisation rights and resources 	  7-50
	 7.7.2 ESA barter agreements 	  7-50
7.8 ISS laboratories, facilities and payloads 	  7-52
	 7.8.1 The International Standard Payload Rack (ISPR) 	  7-55
		  7.8.1.1 ISS Assembly Complete rack topology 	  7-55
	 7.8.2 The ESA Columbus laboratory and its payload accommodation 	  7-55
		  7.8.2.1 Columbus internal payloads 	  7-57
			   7.8.2.1.1 Class 1 payloads 	  7-57
			   7.8.2.1.2 Class 2 payloads 	  7-57
			   7.8.2.1.3 Class 3 payloads 	  7-57
			   7.8.2.1.4 Centre aisle payloads 	  7-58
			   7.8.2.1.5 Middeck Locker (MDL) 	  7-59
			   7.8.2.1.6 International Subrack Interface Standard (ISIS) Drawer 	  7-59
		  7.8.2.2 Columbus External Payload Facility (CEPF) 	  7-59
			   7.8.2.2.1 Columbus External Payload Adapter (CEPA) 	  7-65



16 ESA User Guide to Low Gravity Platforms

			   7.8.2.2.2 CEPF integrated external payload configuration, interfaces and resources 	  7-67
			   7.8.2.2.3 Other partner external accommodations 	  7-69
	 7.8.3 Other ISS Partner facilities 	  7-69
		  7.8.3.1 NASA Facilities 	  7-69
			   7.8.3.1.1 Human Research Facility (HRF) 	  7-69
			   7.8.3.1.2 Microgravity Sciences Glovebox (MSG) 	  7-70
			   7.8.3.1.3 Minus Eighty (Degrees Celsius) Laboratory Freezer for ISS (MELFI) 	  7-70
			   7.8.3.1.4 Window Observational Research Facility (WORF) 	  7-70
			   7.8.3.1.5 Materials Science Research Rack (MSRR-1) 	  7-71
			   7.8.3.1.6 Fluids and Combustion Facility (FCF) 	  7-71
		  7.8.3.2 JAXA Facilities 	  7-71
			   7.8.3.2.1 Gradient Heating Furnace (GHF) 	  7-71
			   7.8.3.2.2 Fluid Physics Experiment Facility (FPEF) 	  7-71
			   7.8.3.2.3 Solution/Protein Crystal Growth Facility (SPCF) 	  7-71
			   7.8.3.2.4 Cell Biology Equipment Facility (CBEF) 	  7-71
			   7.8.3.2.5 Clean Bench (CB) 	  7-72
			   7.8.3.2.6 Image Processing Unit (IPU) 	  7-72
			   7.8.3.2.7 Aquatic Habitat (AQH) 	  7-72
			   7.8.3.2.8 Space Environment Data Acquisition Equipment/Attached Payload (SEDA/AP) 	  7-72
			   7.8.3.2.9 Monitor of All-sky X-ray Image (MAXI) 	  7-72
			   7.8.3.2.10 Superconducting Submillimeter-Wave Limb-Emission Sounder (SMILES) 	  7-72
7.9 User Support and Operations Centres (USOCs) 	  7-73
	 7.9.1 Geographical distribution of European USOCs 	  7-74
	 7.9.2 USOC Assignments 	  7-74
	 7.9.3 USOC Tasks and Responsibilities 	  7-74
	 7.9.4 ESA Payload Data Centre 	  7-75
7.10 Product and safety assurance 	  7-77
	 7.10.1 Materials and mechanical parts 	  7-77
	 7.10.2 Commercial, aviation and military equipment 	  7-78
	 7.10.3 Reliability and maintainability 	  7-78
	 7.10.4 Safety assurance 	  7-78
7.11 ISS Safety 	  7-80
	 7.11.1 Safety reviews 	  7-80
7.12 ISS utilisation and payload planning 	  7-82
	 7.12.1 Multi-Increment planning 	  7-82
	 7.12.2 Tactical planning 	  7-82
	 7.12.3 Pre-increment planning 	  7-83
	 7.12.4 Increment execution planning 	  7-83
		  7.12.4.1 Short-Term Planning 	  7-83
		  7.12.4.2 Real-time planning 	  7-84
		  7.12.4.3 Real-time re-planning 	  7-84
7.13 Legal aspects 	  7-85
	 7.13.1 Legal framework 	  7-85
		  7.13.1.1 General principles 	  7-85
		  7.13.1.2 Space Station agreements 	  7-85
		  7.13.1.3 Extension of national jurisdiction to the Space Station 	  7-86
	 7.13.2 Intellectual property 	  7-86
		  7.13.2.1 Protection 	  7-86
	 7.13.2 Intellectual Property 	  7-86
		  7.13.2.1 Protection 	  7-86



17ESA User Guide to Low Gravity Platforms

		  7.13.2.2 Ownership and Exploitation 	  7-87
		  7.13.2.3 Liability 	  7-88
		  7.13.2.4 European Space Agency Human Spaceflight data policy 	  7-88
			   7.13.2.4.1 Raw and calibrated Data, resulting from experiments 	  7-89
				    Ownership and use by ESA 	  7-89
				    Intellectual Property 	  7-89
				    Prior access 	  7-89
				    Access 	  7-90
				    Commercial use 	  7-90
				    Storage 	  7-90
			   7.13.2.4.2 Analysed data, resulting from experiments 	  7-90
				    Ownership 	  7-91
				    Obligations of the investigator 	  7-91
			   7.13.2.4.3 Access and dissemination 	  7-91
				    Dissemination of Agency-owned analysed data 	  7-91
				    Dissemination of publications of the investigator on experiment results 	  7-92
				    Storage 	  7-92
			   7.13.2.4.4 Commercial projects 	  7-92
				    Exceptions 	  7-92
7.14 Payload Life-Cycle and major milestones 	  7-93
	 7.14.1 Russian Segment payloads 	  7-93
	 7.14.2 USOS payloads	  7-93
		  7.14.2.1 Payload development 	  7-93
			   7.14.2.1.1 Payload integration 	  7-95
			   7.14.2.1.2 Major reviews 	  7-95
				    Preliminary Design Review (PDR) 	  7-95
				    Critical Design Review (CDR) 	  7-95
				    Acceptance Review (AR) 	  7-95
			   7.14.2.1.3 Analytical integration 	  7-97
			   7.14.2.1.4 Physical checkout 	 7-97
		  7.14.2.2 Payload training 	  7-97
		  7.14.2.3 Operations preparation and integration	  7-97
		  7.14.2.4 Certification of Flight Readiness 	  7-97
		  7.14.2.5 Ground processing 	  7-98
		  7.14.2.6 On-orbit operations 	  7-98
		  7.14.2.7 Post-flight processing 	  7-98
	 7.14.3 Payload documentation 	  7-98
		  7.14.3.1 Launch/Landing site support, integration and technical requirements data set 	  7-98
		  7.14.3.2 Payload Planning data set 	  7-99
		  7.14.3.3 Payload Procedures and Displays Data Set 	  7-99
		  7.14.3.4 Command and Data Handling Data Set 	  7-99
	 7.14.4 Interface control documents 	  7-99
		  7.14.4.1 Interface Requirement Document 	  7-99
		  7.14.4.2 Payload Hardware Interface Control Document 	  7-99
		  7.14.4.3 Payload Software Interface Control Document 	  7-100
		  7.14.4.4 Payload Verification Plans 	  7-100
		  7.14.4.5 Safety Data Packages 	  7-100
			   7.14.4.5.1 Flight and Ground Safety Data Packages 	  7-100
7.15 Operational cycle of an ISS payload 	  7-101
	 7.15.1 Russian Segment payload operational cycle 	  7-101



18 ESA User Guide to Low Gravity Platforms

	 7.15.2 USOS payload utilisation/operational cycle 	  7-101
7.16 References 	  7-103

8 Acronyms 	 8-1



19ESA User Guide to Low Gravity Platforms

Figure 1-1: 	 Low gravity magnitude and duration for the four low gravity platforms 	  1-2
Figure 1-2: 	� Fields of research applicable to the four low gravity platforms and ground-based facilities 	  1-3
Figure 1-3:	  �Payload development & integration times for the four low gravity platforms 	  1-3
	 and ground-based facilities
Figure 3-1: 	 The crew’s isolation facility in Moscow 	  3-5
Figure 3-2: 	 Schematic diagram of the capsule & outer shell 	  3-13
Figure 3-3: 	 Drop Tower platform specifications 	  3-15
Figure 3-4: 	 Drop Tower capsule specifications (1) 	  3-16
Figure 3-5: 	 Drop Tower capsule specifications (2) 	  3-17
Figure 4-1: 	 ZARM drop tower external view 	  4-2
Figure 4-2: 	 ZARM drop tower interior layout 	  4-2
Figure 4-3: 	� Typical drop experiment, residual accelerations, Y is drop axis, X and Z are cross axes 	  4-4
Figure 4-4: 	 Typical catapult launch, residual accelerations, Y is drop axis, X and Z are cross axes 	  4-4
Figure 4-5: 	 Waterfall amplitude spectrum of drop axis, free fall (ref. Fig. 4-3) 	  4-4
Figure 4-6: 	 Waterfall amplitude spectrum of drop axis, catapult launch (ref. Fig. 4-4) 	  4-4
Figure 4-7: 	 Typical acceleration plot, capsule is launched by the catapult system 	  4-5
Figure 4-8: 	� Typical deceleration plot, capsule slowing down inside the deceleration container 	  4-5
Figure 4-9: 	� Research fields carried out in the drop tower, based on past experiments 	  4-6
Figure 4-10: 	� Long capsule version (with and without pressurising cover) 	  4-8
Figure 4-11: 	� Dimensions of the drop tower capsules 	  4-8
Figure 4-12: 	 Experiment platform 	  4-8
Figure 4-13: 	 Drop tower with catapult system 	  4-11
Figure 4-14: 	 Possible timeline for an experiment in a drop tower campaign 	  4-16
Figure 4-15: 	 Drop tower utilisation/operational cycle 	  4-18
Figure 5-1: 	 Airbus A-300 ”Zero G“ aircraft 	  5-2
Figure 5-2: 	 Airbus A300 “Zero-G” aircraft internal side and upper views 	  5-3
Figure 5-3: 	 Airbus A300 “Zero-G” aircraft testing area 	  5-3
Figure 5-4: 	 Cross-section of aircraft cabin with position of attachment rails 	  5-4
Figure 5-5: 	 Airbus A-300 “Zero G” flight area and alternative landing airports 	  5-4
Figure 5-6: 	 Parabolic flight manoeuvre profile 	  5-5
Figure 5-7: 	 Parabolas sequence 	  5-5
Figure 5-8: 	 Aircraft coordinate reference system 	  5-6
Figure 5-9: 	 Research fields carried out on parabolic flights, based on past experiments 	  5-8
Figure 5-10: 	 Typical timeline for an experiment on a parabolic flight campaign 	  5-19
Figure 5-11: 	 Parabolic flight operational cycle 	  5-21
Figure 6-1: 	 TEXUS sounding rocket 	  6-4
Figure 6-2:	 MASER sounding rocket 	  6-5
Figure 6-3:	 MAXUS sounding rocket 	  6-8
Figure 6-4: 	 ESA sponsored sounding rocket maximum altitudes compared to ISS 	  6-9
Figure 6-5: 	 TEXUS and MASER flight profile and major events 	  6-11
Figure 6-6: 	 MAXUS flight profile and major events 	  6-13
Figure 6-7: 	 Impact areas for rockets launched from Esrange 	  6-14
Figure 6-8: 	� Acceleration (g levels) measured along the flight-path axis during the ascent phase  	  6-15
	 of the MAXUS 5 mission

 →	list of figures 



20 ESA User Guide to Low Gravity Platforms

Figure 6-9: 	� Acceleration (milli-g) measured along the flight-path axis during the microgravity phase 	  6-15
	 of the MAXUS 3 mission
Figure 6-10: 	 Research fields carried out on sounding rockets, based on past experiments 	  6-17
Figure 6-11: 	 Generic sounding rocket campaign ground segment layout 	  6-22
Figure 6-12: 	 Typical timeline for an experiment on a sounding rocket flight campaign 	  6-28
Figure 6-13: 	 Sounding rocket campaign operational cycle 	  6-30
Figure 7‑1: 	 Space Station “Freedom” concept – 1988 	  7-2
Figure 7‑2: 	 International Space Station Configuration at 1998 IGA signing 	  7-2
Figure 7‑3: 	 ISS at Assembly Complete 	  7-5
Figure 7‑4: 	 Exploded view of ISS Assembly Complete configuration 	  7-6
Figure 7-5: 	 ISS Timeline 	  7-11
Figure 7‑6: 	 ISS programme launch vehicles 	  7-17
Figure 7‑7: 	 Orbital height of ISS 	  7-20
Figure 7‑8: 	 Example Operational Modes Timeline 	  7-21
Figure 7‑9: 	 Example of ISS ground tracks (shaded area refers to night time areas) 	  7-23
Figure 7‑10: 	 ISS Body coordinate system 	  7-25
Figure 7‑11: 	 LVLH reference system 	  7-26
Figure 7‑12: 	 XVV attitude 	  7-26
Figure 7‑13: 	 YVV attitude of the ISS 	  7-26
Figure 7‑14: 	 Payloads + Vehicle vibratory acceleration environment 	  7-28
Figure 7-15: 	 Instrument and accelerometer locations 	  7-32
Figure 7‑16: 	 ISS Interior Noise criteria curves 	  7-34
Figure 7‑17: 	 Ram-wake effect due to reorientation of the Station 	  7-37
Figure 7‑18: 	 Illumination-pressure variations correlation 	  7-37
Figure 7‑19: 	 EXPOSE-R temperature profile 	  7-38
Figure 7‑20: 	 Plot showing field lines for L-values 1.5, 2, 3, 4 and 5 	  7-40
Figure 7‑21: 	 Map of L-value field line locations on the surface of the Earth 	  7-40
Figure 7-22: 	 Profile of the ISS ionising radiation environment 	  7-41
Figure 7‑23: 	 Variation of the absorbed dose rate for solar minimum (DOSIS year 2009, upper  	  7-42
	 panel) and solar maximum (DOSIS 3D year 2013, lower panel) conditions
Figure 7‑24: 	 Variation of the absorbed dose rate in logarithmic scale (0 μGy/h – 500 μGy/h) 	  7-43
	 for the illustration of the South Atlantic Anomaly (roughly between 10˚W and 80˚W; 5˚S and 45˚S) 
	 for low ISS altitude (DOSIS year 2009: ~350 km, upper panel) and high ISS altitude (DOSIS 3D
	 year 2013: ~420 km, lower panel)
Figure 7‑25: 	 Typical MMOD shielding configurations for U.S., European, and Japanese modules 	  7-45
Figure 7-26: 	 Rack configuration as of May 2014 	  7-56
Figure 7‑27: 	 Internal layout of Columbus racks 	  7-58
Figure 7‑28: 	 International Standard Payload Rack (ISPR): 6-post configuration 	  7-58
Figure 7‑29: 	 ISPR 6-post configuration dimensions – Front and Side View 	  7-58
Figure 7‑30: 	 Centre Aisle Payload Attachment and Standard Utility Panel (SUP) Locations 	  7-60
Figure 7‑31: 	 SUP panel layout and Side View 	  7-60
Figure 7‑32: 	 Middeck Locker (MDL) dimensions and layout 	  7-61
Figure 7‑33: 	 International Subrack Interface Standard (ISIS) drawer 	  7-61
Figure 7‑34: 	 Exploded view of Columbus External Payload Facility (CEPF)  	  7-62
	 on the Columbus starboard end cone
Figure 7‑35: 	 Columbus overall envelope with integrated external payloads 	  7-63
Figure 7‑36: 	 CEPF accommodation structure 	  7-63
Figure 7‑37: 	 External payload/Columbus module interface plane definition 	  7-64
Figure 7‑38: 	 CEPA assembly envelope 	  7-65
Figure 7‑39: 	 CEPF integrated external payload envelope 	  7-67



21ESA User Guide to Low Gravity Platforms

Figure 7‑40: 	 External sites configuration on the Japanese Exposed Facility (JEF) 	  7-68
Figure 7‑41: 	 Geographical distribution of European USOCs 	  7-73
Figure 7-42: 	 Graphical structure of ESA Payload Data Centre 	  7-76
Figure 7-43: 	 USOS timeline 	  7-94
Figure 7‑44: 	 Operational cycle for a Soyuz-transported ISS payload 	  7-102



22 ESA User Guide to Low Gravity Platforms



23ESA User Guide to Low Gravity Platforms

 →	list of tables 

Table 4-1: 	 Drop tower environment pressure parameters 	  4-3
Table 4-2: 	 Technical data of the thermostat 	  4-3
Table 4-3: 	 Masses and dimensions of the drop tower capsules 	  4-7
Table 5‑1: 	 Electrical power available to users in test section 	  5-11
Table 5‑2: 	 Major events in a parabolic flight campaign operational cycle 	  5-20
Table 6-1: 	 Main characteristics of sounding rockets used by ESA 	  6-2
Table 6-2: 	 TEXUS and MASER sounding rocket characteristics 	  6-3
Table 6-3: 	 MAXUS sounding rocket characteristics 	  6-7
Table 6-4: 	 TEXUS and MASER principal mission events 	  6-10
Table 6-5: 	 MAXUS principal mission events 	  6-12
Table 6-6: 	 Major events in a sounding rocket campaign operational cycle 	  6-29
Table 7‑1: 	 Principal ISS parameters at Assembly Complete 	  7-4
Table 7‑2: 	 ISS Pressurised Laboratory Modules 	  7-7
Table 7‑3: 	 Elements dedicated to exposed payloads 	  7-7
Table 7‑4: 	 Structural and Logistic elements/modules 	  7-8
Table 7‑5: 	 ISS programme launch vehicles 	  7-16
Table 7‑6: 	 ISS programme transfer vehicles 	  7-17
Table 7‑7:	 ISS Operational Modes 	  7-22
Table 7‑8: 	 PIMS acceleration data analysis techniques 	  7-30
Table 7‑9: 	 Characteristics of internal cabin atmosphere 	  7-33
Table 7‑10: 	 Payload required illumination levels 	  7-33
Table 7‑11: 	 Interior hardware colours and finishes 	  7-34
Table 7‑12: 	 Hot and Cold natural thermal environments 	  7-38
Table 7‑13: 	 Baseline International Partner utilisation allocations (excluding Russia) 	  7-51
Table 7‑14: 	 Global ISS utilisation capabilities 	  7-51
Table 7‑15: 	 ESA Russian flight opportunities deriving from ESA/Roscosmos  	  7-51
	 Framework Agreement (May 2001) 
Table 7‑16: 	 ESA-sponsored pressurised (internal) facilities for the ISS Utilisation programme 	  7-53
Table 7‑17: 	 ESA-sponsored unpressurised (external) facilities for the ISS Utilisation programme 	  7-53
Table 7‑18: 	 ESA-sponsored infrastructure support equipment for the ISS Utilisation programme 	  7-54
Table 7-19: 	 European Research and Accommodation Facilities 	  7-54
Table 7‑20: 	 Standard Utility Panel connector allocation and function 	  7-61
Table 7‑21: 	 Middeck Locker Characteristics 	  7-61
Table 7‑22: 	 ISIS Drawer Characteristics 	  7-61
Table 7‑23: 	 Columbus to external payload system interfaces 	  7-66
Table 7‑24: 	 Assignment of USOCs to Payloads 	  7-75
Table 7‑25: 	 Example of payload development and integration steps 	  7-96
Table 7‑26: 	 ESA-sponsored pressurised (internal) facilities for the ISS Utilisation programme 	  7-101



24 ESA User Guide to Low Gravity Platforms



25ESA User Guide to Low Gravity Platforms

 →	list of images 

Image 1‑1: 	 Erasmus Experiment Archive (EEA) home page 	  1-5
Image 2-1: 	 The Large Diameter Centrifuge at ESA-ESTEC 	  2-9
Image 2-2: 	 The GAGa DropT team with their experiment DYT 2012 	  2-10
Image 2-3: 	 REXUS 13 teams 	  2-11
Image 2-4: 	 Dutch ESA astronaut André Kuipers and the SPHERES robots 	  2-11
Image 3-1: 	 Bedrest subject 	  3-3
Image 3-2: 	 Concordia station 	  3-5
Image 3-3: 	 Bedrest centrifuge 	  3-6
Image 3-4: 	 The ESTEC Large Diameter Centrifuge 	  3-7
Image 3-5: 	 ESA’s LIS Laboratory Facilities at ESTEC 	  3-10
Image 3-6: 	 The Erasmus Centre High Bay 	  3-12
Image 3-7: 	 Dutch ESA astronaut André Kuipers being trained on the engineering model of the MSG, 	  3-13
	 in the Erasmus Centre 
Image 3-8: 	 Virtual Reality Theatre 	  3-13
Image 3-9:	 Erasmus Centre Drop Tower demonstrator 	  3-14
Image 4-1: 	 ZARM Drop Tower in Bremen 	  4-1
Image 4-2: 	 Integrating an experiment in the drop capsule 	  4-6
Image 4-3: 	 Catapult capsule directly placed on the pneumatic piston 	  4-11
Image 4-4: 	 DVCam™ recorder and CCIR camera with zoom lens 	  4-12
Image 4-5: 	 DVCam™ recorder, front panel 	  4-12
Image 4-6: 	 DVCam™ recorder, rear panel 	  4-12
Image 4-7: 	 Photron Fastcam MC2 with dual camera head 	  4-13
Image 4-8: 	 Umbilical at the capsules´ lid plate with connectors for various external media. 	  4-13
	 The umbilical is automatically engaged and will be disengaged about 1.5 min prior 
	 to the release of the capsule. 
Image 4-9: 	 Turntable loaded with several fish tanks with individual illumination 	  4-14
	 and camera observation 
Image 5-1: 	 The Airbus A300 “Zero-G” aircraft 	  5-1
Image 5-2: 	 Bordeaux-Mérignac airport and the Novespace premises 	  5-2
Image 5-3: 	 Experiments on board the Airbus A300 “Zero-G” aircraft 	  5-7
Image 5-4: 	 Experiment with human subjects 	  5-11
Image 5-5: 	 Interior of Airbus A300 “Zero-G” aircraft 	  5-11
Image 5-6: 	 Novespace premises 	  5-13
Image 5-7: 	 Novespace workshops 	  5-13
Image 5-8: 	 Safety briefing 	  5-16
Image 6-1: 	 Launch of MASER 11 	  6-1
Image 6-2: 	 Preparation of TEXUS 50 	  6-2
Image 6-3: 	 Launch of TEXUS 48 	  6-6
Image 6-4: 	 Preparation of MASER 12 	  6-6
Image 6-5: 	 MAXUS 8 prepared for launch 	  6-7
Image 6-6: 	 Plant Biology Experiment Containers 	  6-16
Image 6-7: 	 TEXUS Experiment Module 	  6-18



26 ESA User Guide to Low Gravity Platforms

Image 7-1: 	 International Space Station 	  7-1
Image 7-2: 	 ISS Logistics Vehicles 	  7-18
Image 7-3: 	 Experiment examples 	  7-55
Image 7-4: 	 The S3/S4 Truss Assembly 	  7-69



27ESA User Guide to Low Gravity Platforms

We would like to thank the following external 
companies for their support and contribution to the 
production of the ESA User Guide to Low Gravity 
Platforms:

(in alphabetical order)

ACTA
Amsterdam, The Netherlands

Active Design
Toulouse, France

DOSIS & DOSIS 3D Science Team
DLR & University of Kiel (CAU), Germany

MARS Center
Naples, Italy

NOVESPACE
Paris, France

SpaceApplications
Leiden, The Netherlands

ZARM
Bremen, Germany

 →	acknowledgements 



28 ESA User Guide to Low Gravity Platforms



29ESA User Guide to Low Gravity Platforms

 →	approval 

Name	 Signature

Compiled/Edited by:	 Nicole Sentse (Spaceconsultants)
	
	 Karen Oldenburg (HSO-K) 

Compiled/Authored by:	 Massimo Sabbatini (HSO-K)

Approved by:	 Gerhard Thiele (HSO-K)

Approved by:	 Martin Zell (HSO-U)

Approved by:	 Thomas Reiter (D/HSO)



30 ESA User Guide to Low Gravity Platforms


