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ABSTRAKT 
Diplomová práce se zabývá studiem projektu tepelného spínače a dosažených výsledků. 
Zaměřuje se především na vývoj zařízení pro zkoušení tepelného spínače v podmínkách 
odpovídající prostředí planety Marsu.  
 První část práce se zabývá především popisem vývoje zkušební komory určené pro 
simulaci extrémních podmínek, tj. nízkého tlaku a teplot, od předběžného návrhu až po 
konečnou podobu komory, která bude použita pro předepsané zkoušky. Práce popisuje také 
důvody úprav některých částí komory a uvádí návrhy řešení nepředvídaných událostí, které 
vznikly v průběhu testů.   
 Cílem druhé části práce je návrh kampaně pro zkoušení tepelného spínače od úvodních 
zkoušek ověření základní funkčnosti komory, přes ověření vlastností a nastavení všech 
systémů měřícího zařízení, až po zkoušky na prvních vzorcích a závěrečném kvalifikačním 
modelu tepelného spínače. Dále se práce zaměřuje na postup vyhodnocení naměřených dat a 
jevů, které jej ovlivňují. 
 Kalibrační zkoušky zařízení, systémů a postupu vyhodnocení naměřených dat, které 
byly provedeny na speciálně navržených náhradních vzorcích, jsou téměř u konce. Jakmile 
budou výsledky schváleny, zkušební komora i navržené postupy měření budou připraveny pro 
požadované zkoušení vzorků tepelného spínače. 
 
 

 

SUMMARY 
Master thesis examines the description of the heat switch project in general and findings that 
have been attained so far. The thesis focuses on the development of test facility to perform the 
proposed heat switch test campaign in simulated Martian conditions.  
 The first section foremost aim is to describe the evolution of the Heat switch test 
chamber intended for extreme condition simulations, i.e. low pressure and temperatures, from 
a preliminary design to the final test configuration. Thesis deals with reasons of the chamber 
configuration modifications and serves proposal solutions of unpredictable incidents to be 
further confirmed or disapproved. 
 The aim of the second part of the thesis is to design the test campaign of the 
Miniaturized heat switch from initial test chamber validation experiments, via calibration tests 
to approve the drafted facility configuration performance, to the Bread Board verification tests 
and EQM final Qualification test. In addition the thesis focuses on measured data evaluation 
procedure and related effects.  
 The calibration tests of the chamber configuration and data evaluation verification 
tests all performed with the Dummy specimens are almost finished. Once the results will be 
approved, the test chamber and test procedure schemes will be ready for BB and EQM testing.  
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1. INTRODUCTION 

In former times civilization believed that everything that happened on Earth was a rule of 
mysterious beings who had the power to change things all around. In the Middle Ages people 
realised from their observations that the world was not flat and the lights in the night sky were 
not spirits but stars similar to our Sun, only millions of kilometres farther. People started to be 
more and more fascinated by the Universe and objects beyond the Earth. 
 As a result of attentive observations since the 15th century, many important discoveries 
have been made. People were always willing to sacrifice their lives for things they believed 
and thus the investigations and understanding of basic rules of astrophysics have continued up 
to these days. The power of the unknown has always been so huge and captivating, that 
people have never regretted spending enormous amounts of money, time and effort to get over 
barriers which seemed impossible to overcome in each previous period of time. Nevertheless, 
they always have been. 
 Probably the biggest step towards comprehending the principles of the universe was 
made by one of the most famous physicians of all time, Albert Einstein, when he published 
The Theory of Relativity in 1915. Nowadays his Theory is still the only one which is able to 
describe the complex behaviour of gravity and explain terms such as spacetime, kinematic 
and gravitational time dilation and length contraction. This all led to understanding the main 
rules of the outer space and to comprehending previous observations which, until then, 
nobody had understood and which some do not understand until the present day (e.g. the 
Black Hole phenomenon - a curvature of the spacetime close to the extremely heavy objects). 
Since that time, scientists all over the world have been trying to rebut or confirm the Theory. 
100 years later, all Einstein´s breath- taking predictions which were investigated have been 
confirmed to be true. 
 Alongside the economic and technological development in the 1950´s and 1960´s and 
the ongoing Cold War between the USA and the Soviet Union the rivalry and drive to reach 
space was enormous. This was achieved in April 1961 when the first man Yuri Gagarin 
reached space, followed in 1969 with a human crew landing on the Moon.  
 In the last 60 years technologies have significantly improved. Satellites with a wide 
range of lenses, telescopes, science stations and different spacecraft have been launched and 
sent to their missions into orbits close to the Earth or to the remote space in order to study 
celestial objects and discover new terrestrial planets. Compared to the 1970s and 1980s, there 
are now more than two nations able to launch their own spacecraft and moreover, most of 
current projects are based on joint cooperation. The best example is the International Space 
Station (ISS), the result of human-piloted flights studies into the nearest space and a long-term 
stay in the orbit in order to make experiments in zero gravity. 
 Is there life somewhere in the Universe? This could be probably one of the most 
interesting and frequently asked questions related to space exploration. Nobody knows, 
maybe yes, maybe no, but the observations of new planets suitable for life evolution with 
traces of water, geological activities or biological markers play a significant role in the new 
mission planning. One of the most feasible terrestrial planets close to Earth in our Solar 
System is Mars. A dry planet with a diluted atmosphere, without protection against solar 
radiation and prevailing harsh conditions was wet and hot a few million years ago and thus 
probably suitable for the evolution of life. In order to find the markers of living organisms, 
major agencies such as NASA, ESA and Roscosmos have been sending spacecraft to the Red 
Planet with a view to finding out more about the planet´s formation and evolution. What more 
to rebut or confirm the myth about Martians, an intelligent form of life predicted in 1877 after 

https://en.wikipedia.org/wiki/Spacetime
https://en.wikipedia.org/wiki/Kinematics
https://en.wikipedia.org/wiki/Gravity
https://en.wikipedia.org/wiki/Time_dilation
https://en.wikipedia.org/wiki/Length_contraction
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Mars observations by Giovanni Schiaparelli. However, no signs of life have been discovered 
yet.  
 The European Space Agency (ESA) plans to continue with a more in-depth Martian 
study and that is why the development of new technologies and advanced spacecraft is 
essential. An Italian company Aero Sekur (on behalf of ESA) was therefore commissioned to 
design a Miniaturised Heat Switch to be used in spacecraft suitable for Mars and other deep 
space applications. The Institute of Aerospace Engineering at the Brno University of 
Technology (BUT) has been commissioned to perform a Qualification test of specimen for 
Martian conditions. 
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Figure 2.1: ESA logo. 

2. EUROPEAN SPACE RESEARCH 

European nations, living in the most developed countries of the world, have played a key role 
in space research to gain knowledge about the fundamental physics of the Universe, to find 
terrestrial planets suitable for life in other solar systems or galaxies. Space activities are 
managed to protect and benefit European citizens and to fulfil their requirements and 
interests. However, expenditure nowadays has risen considerably with more advanced and 
special technologies. Therefore, an increasing number of projects have been implemented 
with multinational contributions to share costs as well as knowledge. 
 

2.1 European Space Agency (ESA)  

The European Space Agency is an intergovernmental 
organisation consisting of 22 European countries established 
on 30 May 1975 in Paris, France. The Agency was formally 
stated by the Convention and entered into force on 30 
October 1980. At that time, ten constituent members agreed 
to work together on the same goals concerning space policy, 
space investigation and Earth observation to guarantee the competitiveness of the European 
space market for the decades to come. 
 At the first session of representatives, main corner stones were set to define basic rules 
and main goals of the European Space Agency for the next generation development. Its 
Member States agreed to joint effort in space for nothing but peaceful purposes, to cooperate 
in space research in order to enable access to space for European citizens and thus satisfy their 
interests in science, telecommunication, navigation or Earth monitoring. Moreover, the joint 
programme under the European Space Agency has resulted in significant cost reduction spent 
on spacecraft and satellite launching, operations and development. Member States committed 
to share the advancement in technologies and knowledge gained from common research. All 
these steps resulted nowadays in favourable background for ESA´s rapid progress. [20] 
 ESA operates by coordinating the financial and intellectual resources of its members, 
defining its own structure, rules, administration and security. It undertakes programmes and 
activities far beyond the scope of any single European country. Moreover, ESA figures as a 
contractor and intermediary for commercial market to cover the demand for space access for 
all governmental, supranational and private customers. Its long-time experience serves for 
continuous development in science, technology and engineering in Europe and far beyond its 
borders. [21] 
 Space research, launching satellites, spacecraft and human flights into space are the 
basic goals for developed nations in the 21st century. This is why the European Space Agency 
has been put at the forefront in these activities with its strong foundations and endorsement by 
the European Union and developed countries all over the world.  
 Europe’s citizens nowadays enjoy the advantages, from jobs and economic growth to 
public services, efficient communications and security in everyday life. 
 Overall, ESA´s effort, targets and policy for the future decades were explained by the 
ESA´s Director General Jean-Jacques Dordain in Agenda 2011: “Europe must continue to 
have a prominent role in space at a time when other world powers are rapidly developing their 
space capabilities. This implies that ESA must consolidate its position as a global space 
agency. This is instrumental for serving its Member States and the European Union in 
developing a competitive economy, and indispensable in contributing to global policies and 
increasing knowledge.“ [22] 
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2.1.1 Member States & ESA´s governing structure 

ESA consists of 22 Member States with governmental delegates represented in the Council, 
the highest body responsible for leadership of the Agency.  In addition to Member States, 
there are 10 Cooperating States, mainly from Europe, with fewer competencies, but present in 
the Council and in some committees as observers. 
 

Member States: Austria, Belgium, the 
Czech Republic, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Ireland, 
Italy, Luxembourg, the Netherlands, Norway, 
Poland, Portugal, Romania, Spain, Sweden, 
Switzerland and the United Kingdom  
 

Cooperating States: Bulgaria, Cyprus, 
Malta, Latvia, Lithuania, Slovakia, Slovenia, 
Israel, Argentina and Canada 
 
 Canada was the first country which 
signed the Cooperation Agreement with ESA 
and has taken part in some projects since 
1978. Other countries followed and currently 
some countries are in a discussion with ESA 
in order to join this status. 
       Figure 2.2: ESA Member States and  
        Cooperating States. 
 

The Czech Republic became the second ESA´s European Cooperating State on 4 November, 
2004 and formally became ESA's 18th Member State on 12 November, 2008. [23] 
 
As can be seen in the list of members above, not all Member States are members of the 
European Union and vice versa. The European Space Agency is an independent organization 
with its own rules, structure and funding. Nevertheless, ESA maintains particular relations 
with the EU through an ESA/EC Framework Agreement sharing a joint European Strategy for 
Space and together have developed the European Space Policy. In addition, ESA is a partner 
for the European Union in the way to fulfil its goals for access to space. [24] 
 
 
 ESA is headed by a Director General who is elected by the Council every four years. 
Director General is an honorary office, responsible for general ESA representation, for 
communication with media and partners and for ESA general programme endorsement. 
 The Council is the leading body, consisting of each Member State representatives, and 
makes decisions about basic ESA space policy to empower prosperity and to enable future 
visions. Moreover, the Council assesses current programmes, funding and other aspects of 
ESA interests. Each Member State has one vote, regardless of its financial contribution or 
size.  
 Beside the Director General, there are ten Directors representing and leading 
individual research sectors or ESA programmes, known as Directorates. Directors assist and 
report directly to the Director General. 
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 ESA employs around 2200 highly qualified staff from all the Member States including 
engineers, scientists, IT specialists and administrative personnel. ESA also cooperates with 
hundreds of consultants and subcontractor companies from the commercial sector. [20] 
 
 
Offices and institutions: 

ESA has decentralised offices and Directorates in many European countries. Its headquarters 
are in Paris, housing offices for the Director General and the cabinet. Future programme plans 
and present assessments are made there. Because of the complicated space industry 
infrastructure and many fields of interest, ESA needed specific centres to be built: 
 
EAC - the European Astronauts Centre in Cologne, Germany; 
ESAC - the European Space Astronomy Centre, in Villanueva de la Canada, Madrid, Spain; 
ESOC - the European Space Operations Centre in Darmstadt, Germany; 
ESRIN - the ESA centre for Earth Observation, in Frascati (near Rome), Italy; 
ESTEC - the European Space Research and Technology Centre, Noordwijk, the Netherlands; 
ECSAT - the European Centre for Space Applications and Telecommunications, Harwell, 
Oxfordshire, United Kingdom 
 

 There are also offices in Belgium, the USA and Russia to simplify discussions with 
ESA´s main partners; a launch base in French Guiana and ground-tracking stations spread all 
around the world. [25] 
 

 

Director General:  

The present ESA Director General is Johann-Dietrich Woerner who entered his mandate on 
1 July 2015. The Director General is a representative post. He participates in decision-making 
processes and project approvals and adoptions. His main task is to represent the Agency in 
dealings with the media, Member State governments, the public and other major space 
agencies to provide information about current activities and future programmes. All in all, he 
is responsible for thorough functionality and competitiveness of the European Space Agency. 
 Johann-Dietrich Woerner was born in 1954 in Kassel, Germany. He studied civil 
engineering at the technical universities in Berlin and Darmstadt. During his studies he 
worked one year in Japan, after graduating, he became a civil engineering consultant in 
Germany. In 1995, Mr. Woerner was elected the President of TU Darmstadt, where he held 
the position of the Dean of the newly established Civil Engineering Faculty. Before the post 
of Director General he served as the Chairman of the German Aerospace Centre DLR (March 
2007 - June 2015), the head of the German delegation to ESA (2007 – 2015) and the 
Chairman of the ESA Council (2012 – 2014). 
 Mr. Woerner is a member of several councils, committees and administrative or 
supervisory boards in European institutions as well as in international bodies. He has been 
awarded many prestigious prizes and received honorary doctorates from universities in 
Buffalo, Bucharest, Saint Petersburg and Lyon. [26] 
 
 
ESA sector and programme Directors: 

The Director General is supported by 10 Directors, each responsible for a particular research 
sector, Directorate or Agency programme. The Directors are appointed by the ESA Council. 
Most of them are delegates to ESA and have served in various ESA or national committees 
and councils. [27] 

http://www.esa.int/About_Us/EAC
http://www.esa.int/About_Us/ESAC
http://www.esa.int/About_Us/ESOC
http://www.esa.int/About_Us/ESRIN
http://www.esa.int/About_Us/ESTEC
http://www.esa.int/About_Us/Welcome_to_ESA/ECSAT
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Franco Ongaro   Director of Technical and Quality Management (TEC) and 
    Head of ESTEC in Noordwijk, the Netherlands; 
Thomas Reiter   Director of Human Spaceflight and Robotic Exploration (HRE); 
Eric Morel de Westgaver  Director of Industry, Procurement and Legal Services (IPL); 
Gaele Winter   Director of Launchers (LAU) and Head of ESA Headquarters in 
    Paris, France; 
Volker Liebig    Director of Earth Observation (EOP), and Head of ESRIN, 
    Frascati near Rome, Italy; 
Paul Verhoef     Director of the Galileo Programme and Navigation-related 
    Activities (NAV); 
Alvaro Giménez Cañete   Director of Science (SCI) and Head of ESAC, Madrid, Spain; 
Magali Vaissiere   Director of Telecommunications and Integrated Applications 
    (TIA) and Head of ECSAT, Harwell, UK; 
Jean Max Puech   Director of Internal Services (HIF); 
Rolf Densing    Director of Operations (OPS) and Head of ESOC in Darmstadt, 
    Germany; 
 
 

2.1.2 History & cooperation with the EU 

Before ESA establishment in 1975:  

After the Second World War (1945-1960), space research was conducted by individual 
European countries and their national agencies separately. That meant lower budgets, 
duplication of important discoveries and thus no proper competitiveness with superpowers 
such as Russia or the USA. Many scientists from Western Europe therefore made a decision 
to leave Europe, although extensive investments into space infrastructure in European 
countries were still made. 
 Between the years 1958-1960 the first idea of common organisation for space and 
peaceful applications appeared. Under the recommendation of Pierre Auger (France) and 
Edoardo Amaldi (Italy) a commission consisting of European government representatives was 
established, led by Harrie Massey (UK) as the President, with a view to discussing 
cooperation in the area of space exploration. 
 In 1962 ten European nations established two agencies: European Launch 
Development Organisation (ELDO) to lead the development of a heavy launch system and a 
supporting ground station network, and European Space Research Organisation (ESRO) to 
develop spacecraft, satellites and infrastructure needed to design useful scientific instruments. 
In 1964 the Convention for ELDO and ESRO came into force. [28] 
 Three years later, in 1967, the European Space Operations Centre (ESOC) was created 
in Darmstadt, Germany. Up to the present day it has operated more than 50 satellites in over 
40 years.[23] 
 
 
1975: ESA forming 

The ESA was created by merging of ELDO and ESRO in 1975 and only minor improvements 
have been made since. The foundation stone was laid by 10 members: Belgium, Denmark, 
France, Germany, Italy, the Netherlands, Spain, Sweden, Switzerland and the United 
Kingdom. Ireland joined later that year. The endeavour for common utility and 
competitiveness in space research was after years of discussions finally endorsed at the 
political level in the Convention, it came into force on 30 October 1980. [28] 
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2000, 16 November: The first joint European Strategy for Space 

ESA and the European Communities (later the European Union) joined their interests in space 
strategy for the first time and endorsed the common European Strategy for Space. This treaty 
included a high-level cooperation between both organisations and guaranteed further and 
more deeply planned development of European science and research. [29] 
 

2003, 25 November: The Framework Agreement 

ESA´s representatives signed and adopted the Framework Agreement (FA) between ESA and 
the European Community in November 2003 in Brussels. FA entered into force in May 2004.  
 The Framework Agreement set up the basic cooperation between ESA and EU on the 
ministerial level to strengthen the opportunities for space exploitation. The coordination is 
achieved through a Joint Secretariat, where administrators of both organisations are 
represented and, in addition, by means of consolidated meetings of the ESA and EU Councils, 
known as the Space Council. Representatives from the Member States, including cooperating 
states, meet there and discuss the strategy for space and common programmes. The 
Framework Agreement was made in respect to the sovereignty of both organisations 
considering different Member States, specific responsibilities, rules and administrative 
structures in order to work together to guarantee European space success. EU demands are 
fulfilled through ESA in the field of research, defence, navigation, telecommunication 
services to benefit European citizens and to support the development of the space industry 
without duplication in science research, cutting-edge technologies design and investments. 
[30] 
 
2004, 25 November – The First ESA/EU Space Council in Brussels – confirmation of the 
   European access to space 
2005, June - The second Space Council - defining basic responsibilities  
         November - The third Space Council - GMES and Galileo programmes adoption 
 
2007, 22 May: The European Space Policy 

An agreement on a common framework for space and approach in unified space exploitation 
effort, known as the Resolution on European Space Policy, was endorsed and adopted by 29 
members of ESA and EU during the fourth Space Council in May 2007. 
 The European Space Policy means the first joint treaty for space activities in Europe. It 
defines roles and responsibilities within the cooperation such as security & defence, access to 
space and exploration, deep insight into common programmes strategy planning and future 
visions. All in all, both organisations committed to improving coordination in activities 
related to space. [29] 
 

2008, 26 September - The fifth Space Council in Brussels 
2009, 29 May – The sixth Space Council in Brussels 
 

2009, December: The Lisbon Treaty 

The Treaty on the Functioning of the European Union (TFEU), or so called Lisbon Treaty 
adopted by the EU in 2009, strengthens the European position and competitiveness in space 
by putting it on the highest political level of interests and explicitly mentions ESA as a partner 
to take over this effort. [29] 
  
2010, 25 November - The seventh Space Council in Brussels – the last one so far 
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ESA versus EU 

The European Space Agency (ESA) and the European Union (EU) cooperate closely on the 
same task to improve the development in the space industry and thus benefit European 
citizens as the role of space activities increases. Although they are independent organisations 
with different member states, rules and competencies, they now have more in common than 
just a joint space strategy. 
 ESA is an intergovernmental organisation, while the EU is supranational. In the 
relation, ESA figures as a partner for the European Union to cover the demand for access to 
space. On this assumption, around 20 % of ESA´s budget nowadays comes from the EU 
funding. [23] 
 
 
 

2.1.3 Budget & financial resources 

European Space Agency budget comes from its Member States contributions and from the 
partners who are under the Cooperation Agreement. Concerning financial resources, ESA´s 
activities can be divided into two categories: mandatory and optional. [20] 
 ESA´s mandatory activities are funded by all Members, the contributions to the 
General Budget are determined and scaled from the Gross Domestic Product (GDP), showing 
the current economic progress of each member. Hence the funding is independent on the 
number of inhabitants or political interests. The mandatory activities involve space science, 
first-class technology research, future programme studies and information system 
applications. 
 The second, optional part of the contributions depends on the interests of each 
Member State or Cooperating State. They may choose programmes in which they are willing 
to invest and how much. The projects typically include science applications such as satellite 
Earth observations, environment measurements, telecommunication technologies, and last but 
not least launcher programmes. The International Space Station and research in microgravity 
are supported by the optional contributions as well. 
 The overall budget is redistributed by ESA to the individual commercial industries 
through contracts for space activities on the basis of each member equivalent contribution to 
the common budget (system based on geographical return). If a Member decides to invest 
more money into some projects, then there will be more jobs for its companies in high-tech 
and space applications. [31] 
 ESA's budget for 2016 is €5,250 million as can be seen in Figure 2.3. European 
investment into space activities per capita is really low; on average, the amount paid in taxes 
is approximately as much as the price of a cinema ticket although in the USA it is almost four 
times as much. Figure 2.3 shows the amount of contributions each Member State makes, as 
well as the EU huge contribution, which confirms the close cooperation between both 
organisations. The redistribution of the budget into different fields of activities and 
programmes is shown in Figure 2.4. [20] 
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Figure 2.3: ESA budget for 2016. [32] 

 

 
Figure 2.4: The redistribution of the ESA budget 2016 into different programmes. [31] 
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2.2 ESA space exploration 

Since the beginning of space exploration, European countries have endeavoured to find the 
way to space. The European Space Agency is a gateway into space for European nations since 
1975. In more than 40 years, it has launched and operated more than 50 satellites or spacecraft 
and developed several types of launchers as well as a launch base in French Guiana. [20] 
 Today, the most feasible way to continue increasing development is the cooperation 
with other world space agencies and partners. Due to the extreme level of expenditure it is 
more important than ever before to share the responsibilities, common knowledge and avoid 
project duplication. The most representative example of global collaboration is the ISS 
programme where all nationalities take part, share costs and work together to keep the crew in 
low orbit alive. 
 Based on joint effort, the European space program has reached outstanding 
achievements in the last two decades. Space industry evolved into exceptional technologies, 
affordability, reliability and competitiveness. However, it takes a decade to progress from the 
development, ground testing and in-orbit operations to the moment when the probes send 
appropriate data to institutions and research centres for analyses. After that it takes another 
several years to utilise the benefits from space applications - the moment when the efforts pay 
off. [22] 
 
  

2.2.1 ESA main projects 

In cooperation with the European commercial sector, the European Union, Cooperating States 
and foreign partners, ESA puts meticulous effort into several huge, remarkable and important 
projects to provide benefits to European citizens and global civilization. ESA´s goal is to 
acquire a vantage in defence, space research, Earth observations, telecommunication and 
navigation over the other world leading space agencies at a time when the importance of 
access to space and its benefits grows. 
 The European Space Agency keeps pace with new objectives and manages several 
projects for governmental and commercial customers in the following areas: 
 

- Science – universe observation and fundamental physics research, spacecraft flights to 
non-Earth orbiting missions (to the Moon, the Sun, planets in our Solar system and 
beyond); 

- Weather forecasting; 
- Telecommunications & space-to-ground data exchange; 
- Earth observation and global environment monitoring; 
- Human spaceflight, astronaut training and ATV modules; 
- Galileo navigation system and its ground station advancement EGNOS. 

 
In addition to keeping all the space missions going, ESA is building a large and complex 
ground support network for space to Earth communication, spacecraft tracking and satellite 
monitoring. [33] 
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2.2.2 Historical and ongoing missions 

Since its establishment in 1975, ESA has been very successful in designing and launching its 
own spacecraft. The projects to visit other parts of our Solar System, to observe the Milky 
Way or other galaxies, to monitor the climate and the Earth’s environment have been the most 
interesting pioneering missions so far. [33][34] 
 
1973 Spacelab development (a modular science facility for use on the Space Shuttle), used 

 on 25 flights between 1983 and 1998; 
1975 Cos-B (a satellite monitoring gamma-ray emissions); 
1978 IUE, the world’s first high-orbit telescope, 18 years in operation, common project of 
  ESA and NASA; 
1986 Giotto, studied Comets Halley and Grigg-Skejllerup; 
1989 Hipparchos launched (charting the position of more than 100 000 stars); 
1990 The Hubble Space Telescope launched;  
 Ulysses launched (observing space above and below the Sun´s poles); 
1995 SOHO launched (solar monitoring); 
1997 Cassini-Huygens launched in cooperation with NASA (ESA built the Huygens probe 

 for landing on Titan, Saturn’s largest moon); 
1998 ARD launched (the first European experimental re-entry vehicle); 
1999 XMM - Newton launched (designed for X-ray astronomy research); 
2002 INTEGRAL launched (a gamma-ray astronomy research facility); 
2003 Mars Express Orbiter and its lander Beagle 2 launched, it was the first fully European 

 mission to any planet and Europe´s first Red Planet orbiter;  
 SMART-1 (Europe's first experimental mission to the Moon); 
2004 Rosetta spacecraft launched (a deep space comet observing mission); 
2005  Huygens probe landed on Titan, Saturn’s largest moon - the first ever landing in the 
  outer Solar system;  
 Venus Express launched atop of a Soyuz rocket to monitor its climate; 
 GIOVE-A launched (the first Galileo test satellite); 
2006 MetOp-A launched (a part of the polar meteorological services); 
2008 ESA's Columbus laboratory installed on ISS - ESA became a fully responsible partner 
  to fly its own astronauts for long-duration missions;  
 GIOVE-B launched (ESA's second Galileo test satellite); 
 ATV Jules Verne launched, ESA's first Automated Transfer Vehicle for ISS resupply; 
2009 Goce facility launched (to map the Earth´s gravity distribution); 
2010 CryoSat-2 launched (a second mission to study the Earth’s ice-cover, the first  
  unsuccessful mission launched previously in 2005); 
2011 Two Galileo (1&2) IOV satellites launched from French Guiana;  
 ESA's second ATV, ATV Johannes Kepler, launched to ISS; 
2012 Two Galileo (3&4) IOV satellites launched; 
 ESA's third ATV, ATV Edoardo Amaldi, launched to ISS; 
2013 Alphasat launched (the Europe’s largest telecommunication satellite); 
 Swarm launched (three satellites designed for magnetic field monitoring); 
 Gaia launched (a billion-star surveyor); 
 ESA's fourth ATV, ATV Albert Einstein, launched to ISS; 
2014 Rosetta, ESA’s hibernating comet-tracker woke up to join the periodic Comet  
  67P/Churyumov-Gerasimenko; 
 Sentinel-1A launched (the first satellite for Europe’s Copernicus environmental  
  monitoring network); 
 Two Galileo (5&6) FOC satellites launched; 
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 The fifth and last ATV, Georges Lemaître, launched to ISS - setting the record for the 
  heaviest Ariane 5 launch; 
2015 Lisa pathfinder launched (a demonstrator for detection of gravitational waves,  
  phenomenon predicted by Albert Einstein more than a hundred years ago); 
 IXV – intermediate experimental re-entry vehicle technology demonstrator launched; 
 Two Galileo (7&8) FOC satellites launched; 
 Two Galileo (9&10) FOC satellites launched; 
 Two Galileo (11&12) FOC satellites launched; 
2016 ExoMars launched in cooperation with Russia (an orbiter to study Mars atmosphere 
  and a landing probe to test the descend procedure). 
 
Overall, a list of ESA´s projects and their description can be found at [33]. The order of the 
missions is arranged by their launch dates. More information, such as the spacecraft´s name, 
aim of the payload, launch date, mission duration and some more detailed notes, is presented. 
 The majority of the probes or satellites launched and operated successfully, although 
in the whole history there have been two or three satellites which were lost after a 
communication failure and the lander Beagle 2 (designed to land on Mars in 2003 during 
Mars Express mission) did not link up with the Mars´s orbiter and thus the rover was lost 
directly after landing. Despite these failures, ESA´s missions have been extremely reliable, 
affordable and suitable for world-class space research. 
 
 

2.2.3 New planned missions  

ESA´s main objective for the near future is to keep pace with the changing space market and 
sustain its leading position in space research and its applications concerning satellite 
navigation or telecommunication. ESA ties up a close cooperation with non-ESA Member 
States and will design a number of space projects and science missions in partnership with 
other agencies throughout the world. [35] 
 The planned missions are based on the long-term visions considering that decades pass 
between concept preparation, spacecraft manufacturing, testing and final lift-off. Nowadays 
ESA operates a historically highest number of missions with a total of 17 spacecraft, of which 
12 are now in flight to fulfil their goals, while nine new missions are in preparation. In 2016 
only, at least five new spacecraft will be launched which will set a record for the operation 
centre ESOC in Darmstadt, Germany. 
 The most interesting projects spanning science, concerning Earth environment 
monitoring (Copernicus programme), the Universe mapping or advanced telecommunication 
platforms development, are listed below. [34] 
 
2016 EDRS – geostationary satellites for relaying satellite data, it will be the first space-
  data-highway for giant laser communication from different orbiters through 
  EDRS to the European ground stations at any time; 
 Smallgeo (SGEO) – a new small platform for geostationary telecommunication  
  enabling to cover a wide range of commercial missions by a modular design; 
2017 European robotic arm – an operational system for the new Russian segment airlock to 
  transfer payloads up to 8 tonnes directly inside or outside ISS and to relocate 
  the astronauts while working outside in cosmos; 
  ADM-aeolus – a facility to map Earth´s global wind fields; 
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2018 Sat-AIS – (satellite - automatic identification system), microsatellites for identifying 
  and tracking ships over the world oceans, AIS technology is now operational 
  only close to the shore (approx. 75 km) and on a ship-to-ship basis; 
 CHEOPS – Characterising Exoplanet Satellite will be a spacecraft for providing a first 
  glimpse inside terrestrial planets hunting for future more detailed study; 
 Solar orbiter – Europe´s closest mission to the Sun to investigate inner heliosphere 
  and to make a high resolution surface mapping; 
 James Webb Space Telescope – the next great space observatory to record infrared 
  light from the first and faintest stars or galaxies that extent a success of Hubble 
  Space Telescope by higher sensitivity and a lower level of backgroung light 
  (the primary mirror area will be seven times bigger than that on the Hubble); 
 BepiColombo – Europe´s first mission to Mercury (in cooperation with Japan) is one 
  of the ESA´s paramount planet-mission to study atmosphere, geophysics and 
  magnetosphere of the closest planet to the Sun. Its colossal gravity presents a 
  challenge to place the spacecraft into a stable Mercury orbit and in addition it 
  will have to endure umbiquitous glowing environment, BepiColombo is  
  scheduled to arrive in 2024; 
 Earthcare – a satellite to study the role of aerosols in the upper layers of atmosphere, 
  causing haze and redden sunrises or sunsets; 
2019 Neosat – Next-generation telecom satellite platform with the target to reduce in orbit 
  costs by 30 % and to cover at least half of the world´s satcoms production 
  between 2018 and 2030; 
 MTG series – Meteosat Third Generatin; 
2020 Biomass -  measuring forest biomass changes and flow of natural processes on Earth 
  caused particularly by humans; 
 Euclid – charting a dark matter and dark energy´s effects on the Universe by  
  measuring redshifts of galaxies in order to comprehend early times of  
  formation when the dark energy played a significant role in a space expansion; 
2021 Electra – Europe´s first electric-propulsion telecom satellite; 
 MetOp-SG series – MetOp Second Generation will consist of three pairs of satellites 
  to ensure the continuity in receiving highly accurate global weather data; 
 SMILE - Solar wind Magnetosphere Ionosphere Link Explorer will be a joint  
  European and Chinese science mission to investigate the interaction between 
  Earth´s magnetosphere and supersonic solar winds. It will map precisly the 
  changes in time and key regions of the magnetic protetective shield from a 
  highly elliptical orbit (flying to approx. one third of the distance to the Moon);  
2022 Flex – Global vegetation health, an explorer to observe vegetation ebb as an important 
  negative aspect of Earth-ecosystem processes to understand climate changes 
  and an impact of human activities; 
 JUICE – Jupiter icy moons explorer, the Europe´s first mission to the Jupiter system 
  with scheduled arrival in 2030. It will provide a first glimpse into the  
  remarkable system of the giant planet Jupiter (to observe turbulent atmosphere, 
  monstrous magnetosphere and a set of dark rings) and its three largest icy 
  moons: Europa, Callisto and Ganymede;  
2024 PLATO – Planetary Transits and Oscillations of stars, a spacecraft for hunting planets 
  beyond our Solar System will be designed to study properties of terrestrial 
  planets around solar-like stars. In addition it will provide information about the 
  host star´s seismic activity to figure out their properties and age; 
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2028 ATHENA – Advanced Telescope for High-Energy Astrophysics, probing the hot and 
  energetic Universe. The telescope will have to map hot gas structures to  
  investigate their physical properties and evolution as well as to search for 
  supermassive black holes to answer two basic astrophysical questions: “How 
  and why does ordinary matter assemble into the galaxies and galactic clusters 
  that we see today, and how do black holes grow and influence their  
  surroundings”? 
 
In addition to these projects the next 18 satellites for the Galileo navigation system will be 
launched with a planned schedule of six in 2016, the next following in 2017 and beyond. 
 
 

2.2.4 Science missions  

ESA´s space science missions are the cornerstone projects for the Agency. They cover space 
surveys, fundamental physics research and spacecraft flights to non-Earth orbiting missions 
(to the Moon, the Sun, to planets in our Solar System and more). 
 The list of ESA’s completed science missions, as well as those in operation and in 
development, sorted into the categories characterising their objectives can be seen in the 
Table 2.1. [36] 
 

Table 2.1: ESA´s science missions throughout the history and for the future [36] 

Sun Solar System Astrophysics 

IMPLEMENTATION 

(2018) Solar Orbiter 
(2018) BepiColombo     

(2022) JUICE 

(2018) CHEOPS                          
(2018) James Webb Telescope                   

(2020) Euclid                  
(2024) PLATO                

(2028) ATHENA 

OPERATIONS/POST-OPERATIONS 

(2009) PROBA 2            
(1995) SOHO 

(2016) ExoMars                      
(2005) Venus Express     

(2004) Rosetta                 
(2003) Mars Express       
(2003) Double Star          

(2000) Cluster                 
(1997) Cassini-Huygens 

(2013) Gaia                     
(2009) Planck                  

(2009) Herschel               
(2002) INTEGRAL                             

(1999) XMM-Newton               
(1991) Hubble Telescope 

COMPLETED 

(1990) Ulysses 
(2003) SMART-1            

(1985) Giotto 

(1995) ISO                      
(1989) Hipparchos                               
(1983) EXOSAT             

(1978) IUE                      
(1975) Cos-B 
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Cosmic Vision Programme 2015 – 2025 

Cosmic Vision Programme 2015 - 2025 is the current ESA´s long-term plan for space science 
missions for the next decades of space research. Since the Vision Programme was created in 
2005, eight science projects in three scaled categories (Small, Medium and Large class 
missions) have been adopted. All projects are shown in the Table 2.2 with predicted launch 
date. The newest fourth candidate for Medium class mission is now under selection. 
 The latest long-term plan in the series serves as a mechanism for project selection and 
enables to keep the continuity in preparations of initial concepts, spacecraft designing, 
manufacturing and data processing, which always takes more than two decades.  
 The first cosmic vision plan was the Horizon 2000 prepared in 1984, which included 
for example the Cassini-Huygens mission (travelling to the Saturn´s moon Titan) and 
astrophysics missions Herschel and Planck. The last two mentioned lifted off into space in 
2009 and thus fulfilled the programme ambitions. The next successor in this decadal series is 
the Horizon 2000 Plus programme planned between 1994 and 1995. This programme includes 
for example the missions Gaia (launched in 2013), BepiColombo and the European 
contribution to the James Webb Space Telescope with the expected launch in 2018. The 
Horizon 2000 Plus will come to an end in 2018, the same year, when the missions CHEOPS 
and Solar Orbiter from the Cosmic Vision Programme 2015 – 2025 will start their operations. 
[37] 
 

Table 2.2: ESA´s science missions under the Cosmic Vision Programme 2015 – 2025[36] 

Missions in the Cosmic Vision Programme 2015 - 2025 

Small Medium Large 

S1 - CHEOPS (2018)                          
S2 – SMILE (2021) 

M1 - Solar Orbiter (2018)       
M2 - Euclid (2020)         

M3 - PLATO (2024) 

L1 - JUICE (2022)          
L2 - ATHENA (2028)                            

L3 - Gravitational wave 
observatory (2034) 

 

Candidates for M4 Mission: ARIEL, THOR, XIPE 
More details about the past and future Former Candidate Missions and Collaborative Missions 
can be found at: [36]. 
 Some scientific projects have been selected for a more detailed description regardless 
of the missions being in operation or still in development with foreseen launch date: Rosetta, 
Gaia, Lisa Pathfinder and Solar Orbiter. 
 

 

2004 Rosetta mission 

Rosetta is the first spacecraft ever made issuable to orbit a comet. After a delay caused by 
Ariane 5 failure in 2002, the rocket lifted off from Kourou in March 2004.  
 After the project was approved in 1993, engineers from Europe and the United States 
started to work on the preliminary design of the orbiter and its lander for this unique mission 
to discover the comet´s mysteries. 
 During a 10 year circular flight through the Solar System, Rosetta passed over the 
asteroid belt to the deep space beyond, travelled more than five times the distance from Earth 
to the Sun and joined the Comet 67P/Churyumov-Gerasimenko on its periodic orbit from 
outside to inside of our planetary system. Shortly after coupling, the lander was released and 
made a touchdown on the surface of icy nucleus. The orbiter then stayed more than one year 
in the closeness of the comet following it to the inner part of the Solar System heading to 
circle the Sun. 
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Figure 2.5: Artist´s impression of 
Gaia surveyor [39]. 

 Rosetta is a unique project to study the comet and follow it on its way through asteroid 
belt and more deeply inside the Solar System trying to discover its secrets, as for example 
what is the comet made of and how does it behave in the vicinity of the Sun, when it is almost 
impossible to observe the nucleus from Earth because of the melting structural material 
creating a gaseous shelter. These answers have been much more interesting since the ESA´s 
Giotto mission studied Comets Halley and Grigg-Skejllerup in 1986 and proved that they 
contain complex organic molecules consisting of hydrogen, carbon, nitrogen or oxygen; 
considered to be the basic elements for birth of life. 
 The mission is still ongoing but since December 2015 is slowly coming to its 
conclusion. [38] 
 
 
 
2013 Gaia 

Gaia, a billion-star surveyor, a fully European 
spacecraft launched on 19 December 2013 from 
Kourou atop of the Soyuz rocket.  
 Gaia will make the largest extraordinary 
precise 3D map of our Galaxy by mapping more than 
thousand millions stars in the Milky Way and far 
beyond concerning their position, movement, 
brightness, composition and surface temperature 
(investigated by light spectre decomposition) during a 
five-year lasting mission. It is expected to detect 
millions of new objects inside our Galaxy, such as 
brown dwarfs or solar terrestrial planets and will 
survey hundreds of thousands of asteroids in our own 
Solar System. The highly accurate data will help to find out features about the origin and 
evolution of our Galaxy by detecting stars coming from smaller galaxies born around the 
Milky Way and retracted inside a long time ago.  
 The object position measurements are more precise than ever before, for celestial 
objects brighter than magnitude 15 (4000 times fainter than the human eye limit) the accuracy 
is around 24 microarcseconds, which equates to a human hair diameter measurement at a 
distance of 1000 km. Gaia will further allow to determine the distance of the nearest stars 
within an accuracy 0.001 %. 
 Placed into so-called Lagrangian L2 point (gravitationally balanced position approx. 
1.5 million km from the Sun, in the Earth’s shadow,  with the same rotating speed around the 
Sun), Gaia took the best position for space observations far enough from the Earth radiation 
disturbances and other influences distorting the view. Since arrived into the orbit, Gaia has 
deployed the sunshield, over 10 m in diameter, protecting its instruments against solar 
radiation, keeping the stable temperature below -100 °C and generating power from solar 
panels located underside as always facing to the Sun. 
 Between 1989 and 1993 there was a Hipparchos predecessor mission, charting more 
than a million stars. Gaia will now catalogue 1000 times more objects with 200 times higher 
accuracy. The raw data will be used to publish the largest stellar catalogue ever made and will 
serve as input data for the PLATO mission scheduled for launch in 2024, hunting for the 
terrestrial planets around solar-like stars. [39] 
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Figure 2.6: Artist´s impression of Lisa 

Pathfinder [40]. 

2015 Lisa Pathfinder + Gravitational wave observatory (2034, L3 mission) 

Lisa Pathfinder, an experimental demonstrator for extremely still freefall, was launched on 
3 December 2015 from Kourou, French Guiana atop of the Vega rocket. Lisa is predicted to 
prove the cutting-edge technologies for future planned space laboratory to detect gravitational 
waves directly from the space.  
 Gravitational waves (the phenomenon 
predicted by Albert Einstein in his theory of 
general relativity more than a century ago) may be 
created during exotic events by celestial objects 
with an extraordinary non-equilibrium gravity 
(millions to billions times larger than the weight 
of our Sun) such as a pair of merging black holes 
or neutron stars or a supernova explosion. The 
waves ripple a fabric of space-time which has a 
significant curvature in the vicinity of colossal 
space objects. 
 To catch and measure the waves is an exceptional task since the research facility has to 
be extraordinary accurate. For this reason there are only around four laboratories already built 
in Europe and the USA with effective length between four to five kilometres, but for an 
extremely high accuracy without any background crackling there is a need to build a 
spaceborne observatory with usable length of several million kilometres and the accuracy one 
millionth of a millionth of a metre. 
 Lisa pathfinder is a demonstrator for testing a purest-known freefall condition 
technology with a pair of identical 2 kg platinum-gold cubes inside the spacecraft which is 
supposed to manoeuvre around the cubes by microthrusters without touching them. This is 
now under verification in the space, if the cubes are moving only under the effect of the 
gravity alone when even the radiation or solar wind creates significant disturbances. Although 
Lisa is not able to detect the gravitational waves itself, it allows an exceptional understanding 
of the physical forces acting on the test cubes. 
 The results of Lisa Pathfinder will be used to develop a space laboratory, L3 mission 
in Cosmic Vision Programme 2015-2025 scheduled for launch in 2034, to study gravitational 
Universe and to understand its birth and evolution. It is believed that the meticulous effort 
will result in discoveries of the greatest science importance pushing the boundaries of current 
physics, astrophysics and technology significantly forward. [40][41] 
 
 
 
2018 Solar Orbiter (M1 mission) 

Solar Orbiter has been chosen in February 2010 together with Euclid mission as the medium-
class M1 and M2 mission in the Cosmic Vision Programme 2015 – 2025 as one of the three 
candidates.  
 The Europe´s closest mission to the Sun is planned to be lifted off in 2018 and will 
take approximately 3 years to arrive (with the help of Earth and Venus gravity) to its 168-day 
long orbit. When in perihelion (the nearest orbital point to the Sun) at around 0.28 AU 
(approx. 42 mil. km), it will travel the fastest and will enable the spacecraft to stay several 
days over the same region above the solar atmosphere surface (Solar Orbiter will have the 
equivalent speed as the Sun rotating around its axis). Something similar has never been done 
before and thus it will allow to make remarkable observations of the processes at one point of 
the surface for a couple of days. 
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 In addition, the Venus gravity will be used for manoeuvres to change the inclination of 
the orbit to map clearly the pole regions from an angle higher than 30 degrees (compared to 
max. observation angle 7° from the Earth) for the first time enabling to understand how the 
Sun generates its magnetic field. 
 In the previous two decades, Europe built three predecessor aircrafts Ulysses (1990), 
SOHO (1995) and PROBA2 (2009). They made many interesting discoveries about the Sun 
and its solar flares.  
 Thanks to the former experience and some equipment already developed, it will be 
possible to take images of the surface both in the visible and ultraviolet light to investigate the 
solar winds before they become disrupted. In order to endure the fierce glowing in the 
extreme closeness to the Sun (closer than the Mercury orbit), the spacecraft will have a 
special protection that is recently under development for this mission as well as for 
BepiColombo spacecraft (a mission to Mercury scheduled for 2017). [42] 
 
 

2.2.5 Copernicus – Earth observation and global environment monitoring 

Copernicus is the largest and most ambitious fully European project concerning global 
environment monitoring and Earth observation for scientific use and every-day-life benefits 
for European citizens. Copernicus is managed by European Commission on behalf of the EU, 
the European Space Agency is a partner responsible for the concept, satellites manufacturing, 
testing and launching. The project is fully financed by the European Union. 
 In November 2005 the third Space Council appointed project GMES as the second 
flagship programme in addition to the navigation system Galileo & EGNOS. GMES (Global 
Monitoring for Environment and Security programme) was the initial name of the project, 
later changed to Copernicus. In addition, the project serves as a European contribution to the 
worldwide Global Earth Observation System of Systems (GEOSS). [30] 
 ESA´s job is now to develop and launch a new family of satellites called Sentinels, 
specially designed to fulfil Copernicus Services requirements. The final constellation will 
consist of six pairs of Sentinels flying in both polar and geostationary orbits and marked with 
a number 1 to 6 and a letter A or B. Each pair of Sentinels will carry a wide range of special 
technologies, radars, cameras and instruments for different purposes as atmospheric, land and 
ocean observations. [43] 
  
Sentinel-1 a day-and-night weather radar for land and ocean services, polar-orbiting; 
Sentinel-2 land monitoring to image vegetation, soil, water cover (rivers, lakes)  
  and coastal areas, polar-orbiting; 
Sentinel-3 a key member of Sentinel fleet measuring ocean and land temperatures,  
  surface colours as well as topography, sea ice cover and atmosphere processes 
  with extremely high accuracy to support the ocean forecasting system,  
  environment control and understanding of the global climate dynamics; 
Sentinel-4 atmospheric monitoring above Europe to understand the effects aerosols and 
  harmful gasses have on the climate, geostationary orbiting; 
Sentinel-5 global atmospheric monitoring similar to Sentinel-4, polar-orbiting; 
Sentinel-6 a radar altimeter to measure ocean surface height for climate and oceanography 
  studies 
  
The ground segments of Copernicus project archive data from more than 30 satellites in orbit, 
providing highly accurate real-time analysis for a range of public services concerning weather 
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Figure 2.7: Artist´s impression of 

Galileo constellation [45]. 

and ocean forecast, biological productivity monitoring or civil security activities. It gathers 
also freely accessible information for environment and climate change comprehension. 
 

Sentinels in operation: [33] 
Sentinel-1A, launched on 3 April 2014 – The first Copernicus mission 
Sentinel-2A, launched on 23 June 2015 – The second Copernicus mission 
Sentinel-3A, launched on 16 February 2016 – The third Copernicus mission will begin to 
     collect scientific data after a commissioning period 
Launch schedule: [44] 
Sentinel-1B, launch scheduled on 22 April 2016 atop of the Soyuz rocket 
Sentinel-2B, planned to lift off in the second half of 2016 
Sentinel-3B is scheduled for launch in 2017 
 
 
 

2.2.6 Navigation system Galileo and EGNOS 

Galileo and EGNOS is Europe’s own satellite 
global positioning system under the civilian 
control to serve freely its citizens by providing 
rescue services and highly accurate positioning 
data down to a metre range precision. It is 
interoperable with the US satellite navigation 
system GPS and Russian Glonass.  
 
Galileo programme has been adopted at the third 
Space Council in November 2005. The project 
development and the first four satellites in-orbit 
validation phase were made by ESA and co-
funded by the European Commission. The full 
operational system is then funded by the 
European Union alone and ESA acts as a design 
and supplier partner. 
 Galileo is designed to consist of 30 satellites (24 operational, 6 spares) along three 
circular Medium-Earth orbits (MEO) at a height of 23 222 km above the Earth´s surface. In 
addition, a ground infrastructure is an essential part of the Galileo system designed for 
satellites monitoring and time synchronisation, which is the main key for the high positioning 
accuracy. [45]         
 
Orbit:     Circular Medium-Earth orbit, 23 222 km (satellites 5 and 6 are 
    in elongated orbit due to a launch anomaly) 
Orbital inclination:   56 ° 
Operational lifetime:  more than 12 years 
Launch vehicles:   Soyuz ST-B (two-satellite configuration) or Ariane-5 ES (four-
    satellite configuration) 
Satellite launch mass:   732.8 kg 
Size:     2.5 x 14.67 x 1.1 m (solar wings deployed) [46] 
 
 

http://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Sentinel-1
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Figure 2.8: Artist´s impression of Galileo 

satellite [46]. 

In 2005 and 2008 two experimental satellites GIOVE-A and GIOVE-B were launched by 
Soyuz rocket to test the critical technologies, to measure radiation in the closeness of the final 
operational orbit and to secure the frequencies dedicated by the International 
Telecommunications Union. [45] 
 The next step towards fully operational Galileo constellation was to create a nucleus of 
four satellites (launched in pairs by Soyuz rocket from French Guiana on 21 October 2011 
and on 12 October 2012) to validate the Galileo concept in space as well as on Earth. In-Orbit 
Validation (IOV) phase lasted one year between October 2012 and 2013. 
 The Fully Operational Capability (FOC) phase followed in the next years by launching 
four pairs of fully operational satellites by Soyuz on 22 August 2014, 27 March 2015, 11 
September 2015 and 17 December 2015. [47] 
 With 12 satellites already in orbit, a further six launched in 2015, and next 14 being 
manufactured or tested, initial Galileo service is expected to be freely accessible for European 
citizens by the end of 2016 with predicted full operation in 2020. Once the constellation is 
completed, the navigation positioning signal will cover even the farthermost north and south 
regions with high accuracy.    
 To bring the system closer to use, 
satellites number 13 and 14 are already 
prepared in French Guiana for launch in 
May 2016 atop of the Soyuz rocket. The 
next four satellites will be delivered into 
operational orbit all together. This 
constellation will be used for the first time in 
autumn 2016 by a specifically modified 
Ariane 5 ES. By arranging 18 satellites by 
the beginning of 2017, there will be more 
platforms in orbit than was initially 
predicted. 
 In addition to space orbiters a worldwide ground station network infrastructure is 
needed to control the satellite in-orbit position and to maintain a complex system (the precise 
atomic clocks synchronisation to a few billionths of a second is necessary for highly accurate 
services). [48] 
 
 
EGNOS (the European Geostationary Navigation Overlay Service) is the first satellite 
navigation in Europe, consisting of three geostationary platforms and a ground station 
network to augment the US positioning system (or any other navigation services which will 
come after - Galileo or Glonass). It significantly upgrades the current services and makes the 
positioning highly precise to determine the position within 1.5 m. This accuracy makes it 
suitable for safety critical applications such as aircraft approach and landing or near-coast ship 
navigation. 
 EGNOS was developed in cooperation with ESA, the European Commission and 
Eurocontrol (the European Organisation for the Safety of Air Navigation) as a precursor to 
Galileo system. EGNOS has been managed by the EC since the successful completion on 1 
April 2009. The positioning data for European citizens have been freely available with the 
EGNOS-enabled GPS receiver since 1 October 2009 although Safety of Live service for the 
aircraft navigation (vertical as well as horizontal) has been available only from 2 March 2011 
after the EASA certification process was completed. [49] 
 Once Galileo becomes fully operational, it will provide, together with EGNOS, a vast 
range of use:  



 
 
 

24 
 

Qualification test of heat switch for Martian conditions 

 

Open Service    Free of charge for the public; 
Public Regulated Service  Encrypted signal with restricted access for governmental users; 
Search and Rescue Service A European contribution to the international Cospas–Sarsat 
    search and rescue system. A message will be delivered to the 
    Rescue Coordination Centre and Galileo will provide a feedback 
    to the user, that the rescue team is on the way; 
Safety-of-Life Service  Already available for aviation approved by the ICAO standards; 
Commercial Service  For different commercial applications [50] 
 
 
 

2.2.7 ESA astronauts, launch base in French Guiana & launchers (rockets)  

European spaceport in French Guiana  

Guiana Space Centre in Kourou, French Guiana is the European spaceport and a facility 
ensuring space access for the European nationalities. The launch base is situated in the 
northeast of South America in the closeness to the equator (just 500 km north at latitude 5°3'). 
 The energy from Earth´s rotation makes it possible to carry heavier payloads on top of 
the same rocket than at any other space centre in the world (this effect is known as a 
‘slingshot’). Another benefit of the European base located close to the equator is the satellite 
transportation into geostationary transfer orbit (GTO) as fewer manoeuvres are needed to 
change the trajectory. In addition, French Guiana´s climate is very stable without cyclones or 
earthquakes. All these advantages of the spaceport are well known worldwide and its services 
are widely exploited by industries from Japan, Canada, India, Brazil, the United States and 
many more. 
 The location for the launch base in French Guiana near Kourou was chosen in 1964 by 
the French Government, initially for its own space programme. Later, in 1975, after the 
creation of the European Space Agency, the spaceport was offered to serve as a common 
European base and finally, in 1979, the first Ariane 1 successfully lifted off. Nowadays ESA 
is the owner of the launch base including two propellant plants, production and assembly lines 
and finances most of annual fixed costs; up to date, it has invested in Kourou more than €1.6 
billion. [25] 
 Covering over 750 square kilometres, there are three launching pads strictly modified 
for each launcher – Ariane 5, Vega and Soyuz rocket. The next launch pad for currently 
designed Ariane 6 has been under construction since 2015. In addition to the pads there are 
satellite preparation buildings and launcher assembly lines (for each rocket a different one) 
consisting of several highly specialized buildings in order to manage the testing, maintaining 
and assembling procedures for all the launcher´s construction stages. Two propellant plants 
are seated in Kourou, one of them is designed to manufacture the solid propellant and the 
other the liquid hydrogen and oxygen. There are many more important buildings located in 
the area of the spaceport, for example: Jupiter Control Centre, Launcher Control Centres, 
Booster Engine Test Stand, Booster Integration Buildings, Launcher Integration Buildings, 
Final Assembly Buildings and administrative offices. [51] 
 Since 2011 the Russian Soyuz rocket has been able to lift off from French Guiana with 
a view to increase the flexibility and competitiveness of the Europe’s spaceport fleet. On 19 
January 2005 ESA and the Russian Federal Space Agency signed an agreement on 
cooperation to build a new launch pad for the Soyuz rocket. The base was completed in 2011 
and the first Russian launcher lifted off from Kourou on 21 October 2011. [52] 
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Ariane launcher family 

The first launcher programme was developed in France, later undertaken by ESA and the 
work on the Ariane 1 launcher concept began in 1974. The engine of the main stage was 
designed for liquid oxygen and hydrogen as propellant. The first flight was postponed nine 
days after a few minor problems with the engine appeared and finally lifted off on 24 
December 1979 after a successful countdown. [52] 
 Ariane 1, the first version in Ariane family, was designed to carry two satellites at a 
time into orbit with a significant cost reduction. However the payload´s launch mass grew up 
and thus the more powerful Ariane 2 and Ariane 3 had to be developed. The launchers Ariane 
1 to 3 differed in the first and third stage and Ariane 3 had even additional side boosters for 
liquid or solid propellant. [53] 
 Ariane 4 (and its modifications 40, 42P, 42L, 44P, 44LP, 44L) was the most 
successful launcher of the Ariane fleet until today with 113 launches between 1988 and 2003. 
With the height of 58.72 m and six different modifications due to none, two or four strap-on 
boosters mounted on the first stage, it was suitable for lifting off a huge range of satellites into 
GTO (geostationary transfer orbit), the payload mass varied between 2 to 4.3 tonnes. [54] 
 Ariane 5 was developed in 1990s in several modifications (retired from service: 5G , 
5G+, 5 GS; currently in use:  Ariane 5 ECA, Ariane 5 ES ATV) with two large side boosters 
designed for solid propellant. The construction has a three stage central body with the build 
up engine Vulcain 2 for liquid combustible. Ariane 5 is intended to carry payloads up to 10 
tonnes, mostly large telecommunication satellites in dual configuration, into the geostationary 
transfer orbit (GTO), medium and low Earth orbits, Sun-synchronous orbits (SSO) and some 
of the payloads into Earth-escape trajectories. The upper stage of the launcher has been 
adapted several times to cover all these missions demands for different payloads in a single, 
dual or triple arrangement (the only flight on 27 September 2003 was made in a triple layout). 
Ariane 5 has an automatic flight control and is therefore carefully monitored along the 
trajectory into final orbit. [55] 
  Only two failures happened with the fifth version of the Ariane fleet. The first Ariane 
5G lift off failed in 1997, caused by a design software error only 39 seconds after taking off. 
The second accident happened on the 10th flight on 11 December 2002 that was the first flight 
of the modification Ariane 5 ECA. The failure was caused by the inoperative main engine 
Vulcain 2. Nowadays Ariane 5 lifts off approximately six or seven times a year, mostly to 
deliver commercial payloads into orbit and only one or two launches per year are scheduled 
for European governmental institutions. Although two failures appeared, the fifth model of 
the Ariane family is very successful due to its reliability, affordability and flexibility to fulfil 
different mission requirements. [56] 
 
There are now two operational configurations of Ariane 5: 
Ariane 5 ECA – this type is used most of all for carrying telecommunications satellites up to 
10 t into geostationary transfer orbit, mainly in double configuration. [57] 
Ariane 5 ES (Evolution Storable) - is adapted for special missions such as to deliver a 20-
tonne Automated Transfer Vehicle (ATV) into a low orbit to resupply and re-boost the 
International Space Station (ISS) or to transport a cluster of four Galileo satellites (each of 
730 kg) into medium operational orbit. [58] 
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Figure 2.9: Ariane family evolution [53] [54] [55]. 

 
 
The Ariane family with five launcher versions and several modifications has been very 
successful in the last 40 years (all together from Ariane 1 to Ariane 4 they launched more than 
a half of the world´s commercial satellites) thanks to its high reliability, affordability and 
flexibility. This favourable trend of Ariane fleet was confirmed by Ariane 5 transporting 
much heavier and larger satellites into space. 
 The family of launchers was developed by Arianespace, the European space 
transportation company linked to the European Space Agency. ESA´s Member States can 
freely cooperate on a concept designing or launcher manufacturing by a financial contribution 
to the project and thus take the benefits from completion of contracts with companies from 
each participant´s industry with respect to the amount invested. 
 

Table 2.3: Ariane launcher family overview [53][54][55][56][59] 

Main Data Ariane 1 Ariane 2 Ariane 3 Ariane 4 Ariane 5 Vega 

Height 47.4 m 49 m 49 m 58.72 m 46-53 m 30 m 

Diameter 3,8 3,8 3,8 3,8 5.4 m 3 m 

Lift off mass 210 t 219 t 237 t 240-470 t 740-780 t 137 t 

Max. payload mass* 1.83 t 2.27 t 2.65 t 2-4.3 t 6-10 t** 1.5 t 

Num. of launches 11 5 11 113 85*** 6*** 

Operation 1979-1986 1987-1989 1984-1989 1988-2003 1997- 2012- 
 

* Maximum payload to be transported into geostationary transfer orbit (GTO) 

** Payload varies due to different modifications of Ariane 5 (for Ariane 5 ES ATV is 20 t payload) 

*** The number of flights realized until March 2016 
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Vega rocket 

Vega, named after the second brightest star in the northern hemisphere, is the European 
second launcher in operation since 2012 for space missions. Vega had been developed since 
1998 to cover the demand to place also small satellites between 300 to 1500 kg into orbit with 
a significant cost reduction. The first Vega lifted off on 13 February 2012 and made 6 
successful flights until April 2016. 
 Vega is a three stage solid-propellant single rocket with a liquid-propellant upper 
module for final orbit control based on the advanced and low-cost technologies developed for 
Ariane family of launchers. Its flexibility, capability, ability to place multiple payloads into 
different orbits and costs kept to a minimum makes it advantageous for commercial customer 
interests. [59] 
 
 
Development of a new launcher generation  

The decision to develop a new generation of launchers, Ariane 6 and Vega C, was undertaken 
at the ESA Council meeting in December 2014 in Luxembourg. A fast changing commercial 
space market in launch services and a continuous effort to keep a leading position in this 
sector were the main arguments to design new versions of current rockets. Hence there is a 
significant change in responsibility distribution; the costs and risks will be shared by ESA and 
the European launcher industry. 
 The advantages of both rockets will be based on reuse of several successful systems of 
their predecessors and some new key technologies as a solid-rocket engine will be developed 
for both Ariane 6 and Vega C. The Vega C rocket is designed to be more powerful than the 
current version and Ariane 6 to cover extended variety of missions and on top of that to halve 
the launch service costs. [60] 
 
 
Ariane 6  

The sixth Ariane design will be able to deliver a payload mass between 5–10.5 tonnes into the 
GTO and will use a modular architecture including two or four solid-propellant boosters upon 
the required modification (Ariane 62 – a single launch configuration; Ariane 64 – a double 
launch configuration). The boosters P120 will be common with the Vega C rocket and a 
liquid-propellant first stage engine will be the Vulcain 2, the same as on Ariane 5.  
 The maiden flight is planned for 2020 from Kourou spaceport in French Guiana. For 
that reason a new launch pad has to be built; the ground excavation work started in summer 
2015. [61] 
 

 

European Astronaut Centre (EAC) 

The European Astronaut Centre is a training facility and a home base for all European 
astronauts, located in Cologne, Germany. It is a centre for astronaut training, medical support 
and astronaut´s assistance in several areas while completing different missions both on Earth 
and in space. [62] 
 EAC was founded in 1990 to unify the astronaut training across the European 
countries and thus formed a joint effort in astronaut selection along with the intensive 
training. European Astronaut Centre grew up with the increasing number of European 
astronauts, with the number of supportive centres and with an importance of space lab 
research missions. The first scientific project like that was the European Columbus space 
laboratory launched in 2007 (all the astronauts of ISS have to train to keep the laboratory 
running). The other project was the Automated Transfer Vehicle (ATV), first delivered to ISS 
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in 2008 where astronauts have to control and monitor automatic docking and unloading 
operations. [63] 
 EAC consists of several departments such as the Astronaut support centre, Space 
Medicine Office (to monitor the astronaut´s health, condition and behaviour, to develop 
preventive programmes as well as to provide medical training for astronauts) or Columbus 
Spacelab and ATV life-size mock-ups (replicas with a realistic interior for practical training 
of all astronauts regardless of the nationality). One of the most important centres is Eurocom, 
a department of specialists who provide an effective and highly relevant communication 
between the crew in orbit and the ground Columbus Control Centre near Munich, Germany. 
[64] 
 Astronaut selection campaigns have been made only three times in history since ESA 
was created in 1975 as the need regarding space missions came into interest (the Spacelab, 
ISS). The first selection ran in 1978-1979; the second between 1991- 1992 and the last 
astronaut´s campaign took place in 2008 - 2009. Becoming an astronaut is very expensive and 
involves hundreds of training hours in several mock-ups in different world training centres to 
gain extremely special skills hence no astronaut has the same drill and practise. Around 40 
instructors prepare the astronauts during more than 400 hours of training to operate and 
maintain the European modules. In the history of space exploration, European nations had 28 
astronauts in total, 14 of them are still active. [63] 
 
 
European launch history in dates: [23] 
1979  The first Ariane 1 launch; 
1980  Arianespace (French company) is formed to design, produce and operate the Ariane 
  family launchers as a contractor to ESA;  
1983  Ulf Merbold from Germany became the first ESA´s astronaut to fly on the US Space 
  Shuttle during the Spacelab mission; 
1997  The first flight of Ariane 5 failed; 
2003  The last flight of Ariane 4 after 116 successful flights; 
2004  An approval to build a launch pad for the Soyuz rocket at the Guiana Space Centre; 
2005  The first successful flight of Ariane 5 ECA; 
2007  ESA´s astronaut Paolo Nespoli and Node-2 module launched to ISS; 
2008  ATV Jules Verne, ESA's first Automated Transfer Vehicle for ISS resupply, launched; 
2009  ESA astronaut Frank De Winne joins the first ISS crew of six; 
 ESA selects new astronauts, for the first time since 1992: two Italians, one French, one 
  Dane, one German and one British; 
2011  ESA's second ATV, ATV Johannes Kepler, launched to ISS; 
 Soyuz lifted off for the first time from Kourou, carrying two Galileo IOV satellites; 
2012  ESA’s first Vega launcher lifted off from Guiana Space Centre, Kourou; 
 ESA's third ATV, ATV Edoardo Amaldi, launched to ISS; 
 Ministerial Council in Naples – approving to develop a new launcher Ariane 6; 
2013  ESA´s astronaut Tim Peake assigned to ISS Expedition to be launched in 2015; 
 ESA´s astronaut Luca Parmitano launched to ISS for six-month;  
 ESA's fourth ATV, ATV Albert Einstein, launched to ISS; 
2014 The fifth and last ATV, Georges Lemaître, launched to ISS - setting the record for the 
  heaviest Ariane 5 launch.  
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2.3 Mars and its observation 

The distance from Earth to Mars varies between 56 and 400 million kilometres in 17 year 
lasting cycles. When Mars is in opposition to the Sun and Earth in between, it can be possible 
to observe the Red Planet during all night as one of the biggest and brightest celestial object in 
the night sky. As a result of the changing distance between both planets, Mars optically 
changes its magnitude when observed from Earth and thus is sometimes the fourth brightest 
object in the sky after the Sun, the Moon and Venus and sometimes fainter than Jupiter. 
 In literature there is no exact information about the first Mars study, but all ancient 
civilizations knew this migrating object and called it in different ways. Due to its red colour it 
has always been considered a symbol of fire, death and destruction. 
 Astronomy as a scientific discipline has changed extensively since the binoculars were 
invented in the first half of the 17th century. By virtue of the new invention, Martian polar 
caps could be observed although the resolution did not enable a more precise contemplation. 
 In 1877 Giovanni Schiaparelli for the first time observed channels on Martian surface 
but even he did not know what they meant. Since that time, all other astronomers came with 
the same study and thus confirmed his theory about artificial channels built by an intelligent 
form of life on the surface of Mars. Unfortunately the “channels” had been an optical illusion 
caused by binoculars poor differentiation ability and by dust movement on the Red Planet. 
However, stories about intelligent aliens called Martians have remained. 
 
 The endeavour to augment the research of other planets was fulfilled in the 1960s, 
when the first probes flew to unveil the Martian mysteries. Since that pioneering missions 
there have been around 20 successful automatic explorers, both orbiters and landers operated 
by the world leading space agencies. In these days there are five fully operational satellites 
orbiting around Mars (Mars Odyssey, Mars Express, Mars Reconnaissance Orbiter, Mars 
Orbiter Mission and MAVEN) and two rovers moving on the surface (Opportunity and 
Curiosity), completing their scientific missions. 
 The first missions to Mars were a successful spacecraft Mariner 4 launched in 1964 by 
NASA and Russian Mars 2 and Mars 3 launched in 1971. The Russian probes landed on the 
Martian surface, but the satellite connection was lost a few seconds after touch-down. In the 
early 1970s Mariner 9 charted the surface with exceptional resolution and was followed by 
NASA´s Viking programme concerning two rovers, which successfully operated 3 and 6 
years. They travelled across the Martian landscape and took the first colour pictures. Later in 
1988 Russians launched Fobos 1 and 2 probes. The first spacecraft interrupted the 
communication on its seven month lasting way to Mars and the second one got out of order 
after a few pictures of Martian moons had been sent to the Earth. Further successful missions 
were for example Mars Global Surveyor, Mars Pathfinder, Phoenix or Mars Science 
Laboratory. 
 During the last 50 years it has been possible to chart most of the Martian surface, 
unveil the basic processes in the atmosphere and on the ground, find water and gain rough 
knowledge about the planet’s history and evolution. However, there are still a lot of questions 
that are waiting to be answered. Therefore, probes and explorers are planned to be sent to 
Mars continuously in the near future and probably humans as well, sometime after 2030. [65] 
  
 

  

https://cs.wikipedia.org/wiki/Mars_Odyssey
https://cs.wikipedia.org/wiki/Mars_Express
https://cs.wikipedia.org/wiki/Mars_Reconnaissance_Orbiter
https://cs.wikipedia.org/wiki/Mars_Orbiter_Mission
https://cs.wikipedia.org/wiki/Mars_Orbiter_Mission
https://cs.wikipedia.org/wiki/MAVEN
https://cs.wikipedia.org/wiki/Opportunity
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2.3.1 Mars 

Mars is the fourth terrestrial planet of our Solar System orbiting the Sun in the distance of 
average 1.52 AU (227.4 million km). The so-called Red Planet (named after the colour 
observed from Earth, the result of iron oxides on the surface) is the second smallest planet of 
the Solar System after Mercury with the weight 6.42x1023 kg, only 0.107 times the weight of 
the Earth. That plays a significant role in gravity acceleration which is only 37.6 % (3.69 m.s-

2) of the gravity on Earth. The equator diameter is around 6792.4 kilometres, in comparison it 
is just 0.532 times the diameter of the Earth and one quarter of the surface area.  
 Mars rotation period is roughly 687 days (equivalent to 1.88 of the Earth´s year) and 
the rotation around its axis is very similar to the day-length on Earth - 23 hours and 56 
minutes. The solar day on Mars is called Sol. Due to the axis deviation it can be possible to 
recognize a kind of changing weather analogous to the year seasons on Earth, only two times 
slower-changing because of the longer Martian year. 
 Two moons are periodically orbiting around Mars. Their names are Phobos and 
Deimos and were discovered by Asaph Hall in 1877. Both natural satellites have fixed 
rotation, showing the same surface to Mars all the time. Phobos orbits faster than Mars rotates 
around its own axis, thus slowing down the rotation period, which means that the distance is 
shortening. It is predicted that Phobos will collide with Mars within 50 million years.   
 Mars formation started approximately 4.5 billion years ago from dust and gas 
interactions while orbiting around a newly created central Star. From the beginning there had 
been a lot of impacts of asteroids and the rest of materials left after the Solar System creation 
and thus it is believed that the whole surface had been melted to a kind of magmatic ocean. 
Nowadays scientists still don´t know if the planet nucleus is completely melted or partially 
solid with extremely high temperatures enabling volcanism and tectonic movements.  
 In the past, Mars had probably a central magnetic field protection against solar wind 
radiation, however, only a few random separated areas with magnetic field have been 
measured recently and thus there is no general protection against the harmful and fierce Sun 
radiation. 
 The Red Planet is covered by a diluted atmosphere of pressure from 700 to 1000 Pa 
consisting mainly of carbon dioxide (95.3 %), nitrogen (2.7 %), argon (1.2 %), oxygen and 
carbon monoxide (0.07 %), water vapour (around 0.03 %) and nitrogen monoxide (0.01 %). 
The thin gaseous cover does not protect the planet enough against the asteroid impacts and 
does not cumulate heat from the Sun. Hence the temperatures vary extensively during the day 
and night between -87 °C and +20 °C and fluctuate during different seasons. The most recent 
observations show, that there is a big influence of a greenhouse effect (caused by CO2 and CO 
gases) with a temperature ratio of +5 °C and 30 % of heat accumulation. In addition, the lack 
of ozone layer in high altitude enables the ubiquitous harmful UV radiation to dry the surface 
of the planet.  
 Although there is no water in liquid form on the Martian surface because of low 
atmospheric pressure, scientists believe that there had been rivers and oceans with liquid 
water some 4000 million years ago when the planet was hot, humid and had a denser 
atmosphere. It has changed for unknown reasons and thus the water can be observed at poles 
as ice cover. It was determined that both polar caps consist of carbon-dioxide ice and water 
ice sublimating and solidifying during the year with the changing seasons and temperatures 
and thus contribute to changing pressure of the atmosphere. Moreover, it is predicted that 
water in the form of ice may be found in some areas a few metres under the surface. 
 The rugged topography of Mars comprises vast flat voids and small highlands in the 
north hemisphere and extraordinary high mountains as well as canyons in the south 
hemisphere with the highest mountain ever found in our Solar System, the volcano Olympus 
Mons with more than 21 kilometres in high. One of the deepest places on Mars is in a 4500 
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kilometres long canyon Valles Marineris seven kilometres under the conventional zero level. 
This place was found in 1971 by Mariner 9 explorer.  
 Most of the surface is cover by sand and dust and is often removed by local or global 
dust storms which create winds of up to 200 kph and absorb the sunlight for several days until 
the extremely small particles settle down in the diluted atmosphere and low gravity. In 
addition to this kind of weather, something similar to Earth´s clouds made of dry ice rarely 
grow in the high layers of atmosphere as observed by the current orbiters. [66]  
 
 
 

2.3.2 ESA past and future missions to Mars 

ESA adopted two big missions to travel and unveil the mysteries of Mars. The first one, Mars 
Express launched in 2003, the second project is ExoMars with launch scheduled for 2016 and 
2018. 
  
Mars Express (2003) 

Mars Express, Europe's first mission to Mars, launched on 2 June 2003 atop of the Russian 
Soyuz rocket from Baikonur, Kazakhstan and started its 6 month lasting journey to the Red 
Planet. Mars Express explorer consisted of an orbiter and a landing probe called Beagle 2 
(named after the ship sailed by Charles Darwin, where he wrote his theory about natural 
evolution).  
 The lift off date was chosen due to a convenient constellation of Mars and Earth that 
occurs once every 26 months and creates the shortest possible flight distance for the 
spacecraft. On 25 December 2003, six days before arrival to Mars, Beagle 2 was separated 
and navigated to its own descend trajectory to the landing site on the surface. The orbiter then 
successfully manoeuvred into a high elliptical path, later changed to a near polar-orbit 
10 thousand kilometres above the surface. The satellite was originally designed for a nominal 
mission of one Martian year (687 Earth days) and is still fully operational until these days, 
producing valuable scientific information.   
 The probe Beagle 2 unfortunately failed after a touch-down. After it entered the 
atmosphere with a speed around 20 000 kph, the descent velocity was decreased due to a drag 
force to about 1600 kilometres per hour and then a parachute had been deployed. Inflatable 
airbags had been used for the final touch-down to protect the payload against breaking. 
Unfortunately, communication between the Beagle 2 and the orbiting spacecraft was lost for 
unknown reasons. 
 The opposite to this failure is the Mars Express satellite, observing the Red Planet 
since the beginning of the mission in 2003 until these days. Its aim was to image the surface 
with exceptional resolution (10 metres per pixel), to chart the mineral composition of the 
surface and atmosphere circulation, determine the sub-surface structures and investigate the 
solar wind interaction with high layers of atmosphere. Considering the last goal, on 5 
November 2015 ESA announced the first measurement of the ultraviolet aurora of Mars, 
achieved by a combination of remote observations from Earth and local measurements in 
orbit. One of the key successes of the mission was also the detection of atmospheric methane. 
[67] 
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Figure 2.10: Artist´s impression of 

TGO satellite [68]. 

ExoMars (2016 & 2018) 

ExoMars is a joint project between ESA and Russia’s Roscosmos space agency with the aim 
to launch two different spacecraft in 2016 and 2018 to unravel the secrets about biological or 
geological processes and to analyse the specimens from the deep of 2 m under the Martian 
surface trying to find living-organism markings. 
 
Mission in 2016: 
ExoMars 2016 launched on 14 March 2016 from 
Baikonur spaceport in Kazakhstan on a powerful 
Russian Proton rocket. Twelve hours after 
countdown the spacecraft began its seven-month 
cruise to Mars. 
 The explorer consists of a Trace Gas 
Orbiter (TGO) and a Schiaparelli probe, a descent 
and landing demonstrator. Schiaparelli 
(manufactured by the European consortium Thales 
Alenia) will demonstrate the key descent 
technologies and gather data from sensors during 
landing. It will serve as an experience for the future ExoMars mission expected to launch in 
2018 and to arrive to Mars in early 2019. During a short mission on the surface, Schiaparelli 
will detect climate conditions and measure local environmental processes. 
 The Trace Gas Orbiter (TGO) will analyse atmospheric composition with a particular 
interest in tracing gases as methane or water vapours with an outstanding accuracy (more than 
three times higher precision than measurements made by Mars Express mission in 2004). 
Detection of these molecules could unveil biological or geological processes and can play a 
significant role for future observations and feasible landing site choice.   
 Due to ESA´s predictions, on 16 October 2016, three days until arrival to the Red 
Planet, the Schiaparelli probe will be separated and manoeuvred to its descent path. On 19 
October the probe will enter the atmosphere and from then the automatic landing will last 
only six minutes until the final touch-down. On the same date, the TGO will start its elliptical 
orbit around Mars and thus will begin a 4 year running drag-braking by using the atmosphere 
to slow down and settle in circular orbit 400 kilometres above Mars. From that moment, the 
measurements and observations will start. In the near future the orbiter will also serve as a 
data relay platform for the second ExoMars mission expected to land on the surface in 2019. 
[68] 
 

Mission in 2018: 
The second ExoMars mission is scheduled to lift off in May 2018 atop of the Russian Proton 
rocket from Baikonur, Kazakhstan with planned approach and controlled landing on the 
Martian surface in early 2019. The spacecraft will comprise a European rover and a Russian 
immobile platform for scientific observations, climate measurements, dust storm studies and 
the radiation environment analyses. The rover is designed to travel several kilometres around 
the landing site and sample the rocks and specimens both from the surface and from 
underground. It will be the first vehicle on Mars equipped with a special drilling unit to 
uncover the materials up to two metres in the underground. 
 The primary landing site Oxia Planum was recommended with respect to signs of 
former water erosion and predicted underground water resources. At the last mission meeting 
scientists determined that the platform will have a weigh of 827.9 kg, including the rover and 
all scientific instruments. [69] 
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2.4 Space research in Earth conditions 

The development of any spacecraft or satellite to be sent as a payload atop of any rocket is 
very time consuming and lasts often up to two decades. In addition the preparations for lift off 
and launch itself are extremely expensive and presents most of the expenses. The current cost 
per kilo of mass to be sent into Geostationary Transfer Orbit (GTO) is roughly $US 25,000 
depending on a type of launcher and payload. Since the costs are such a high the precise 
preparation is essential. [70] 
 The devices designed to be used in outer space shall meet very hard requirements for 
functionality and robustness in harsh conditions representing the lift off, flight phase to the 
final destination and the required mission. Therefore it is necessary to test the devices for any 
mission on Earth in artificially simulated extreme conditions to withstand a high level of 
mechanical and acoustic vibration, low temperatures, low pressures and high level of 
radiation. All the components have to undergo generally vibration tests, outgassing for several 
hours and sterilization to prevent any biological contamination. 
 Each equipment intended for use on any other planet in our Solar System are 
necessary to be tested on Earth in simulated real environment to approve its performance, 
robustness and reliability. Complex experimental tests with artificial conditions are performed 
in special facilities - thermal vacuum chambers. 
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3. QUALIFICATION TEST OF MINIATURIZED HEAT 

SWITCH 

3.1 Project definition 

Miniaturized heat switch is a facility that controls the heat transfer between the equipment and 
a heat sink by a variable conductance depending on the temperature. The use of MHS can be 
beneficial in some space missions to thermally decouple the equipment from the cold external 
environment in order to save energy, when the temperature decreases. 
 The Miniaturised heat switches are designed to serve in landing payloads for the 
planet exploration (i.e. Mars Rover) and for spacecraft operating in deep and cold space to 
thermally control the temperature of the unit with a not continuous duty. The typical MHS 
configuration is in between the device (hot interface) and the radiator (cold interface) which 
enables the heat dissipation to the cold external environment. 
 When operational, Miniaturised heat switch should repeatedly open and close the heat 
transfer path to regulate the temperature of the equipment, especially to cool down the hot 
interface when the thermal dissipation is not sufficient to compensate the radiation capacity 
and the device would experience high temperatures not compatible with the design. When the 
temperature on the hot side decreases below predetermined value, the MHS heat transfer is 
occluded to save the energy. This aspect is even more significant when we consider the 
equipment with small power consumption to be maintained in a narrow range of temperatures. 
[1][2] 
 
 

3.2 Heat switch preliminary functional specifications  

The basic requirements for the Miniaturized heat switch properties, performance and initial 
specifications for testing were determined in ESA SOW Report, the crucial preliminary 
document published by ESA which serves as the mandatory base of the project. Following 
these demands, an Italian company Aero Sekur, the prime contractor for MHS project, 
specified more details of the Miniaturized heat switch concept in the TN02 Report. [2]  
 Each requirement has its own specific reference number and they are divided into 
seven groups due to its character. The essential demands specified by ESA are presented in 
the tables in each specific group of requirements and the additional notes prescribed by Aero 
Sekur are stated bellow the tables. Each notation is labelled with the equal specific reference 
number it relates to and Aero Sekur´s own number identification. 
 All the requirements concerning mechanical, vibration and radiation testing as well as 
materials, processes, fatigue, corrosion and product safety requirements can be seen in the 
Appendix 1: ESA SOW Heat Switch – Preliminary Functional Specification Report and in 
Requirement Document TN02 310609 A. [1][2] 
 
A) End Product Definition: [1][2] 

The heat switch shall be a stand-alone item ready to be mounted between a unit and radiator. 
The Miniaturized heat switch shall consist of: 
 a. Hot mounting interface 
 b. Cold mounting interface 
 c. Switching device to vary the thermal conductance between the hot and cold  
     interfaces 
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B) Specifications: [1][2] 

1) Functional & Performance Requirements 

Spec. 

Reference 
Description 

FPR1 The Heat Switch shall have a peak conductance value greater than 1 W/K 

FPR2 The Heat Switch shall have an ON/OFF ratio greater than 100 

FPR3 The Heat Switch shall operate in vacuum and in 10 mbar of CO2 

FPR4 
The variable conductivity range of the Heat Switch shall be between 15 °C to 25 
°C of the hot interface 

FPR5 
The Heat Switch shall be designed to transport 1 W to 10 W in closed/on mode 
from the hot interface to the cold interface. When transferring 10 W, the 
maximum delta temperature in steady state condition shall be 10 K 

FPR6 
The Heat Switch shall have a temperature stability of +/- 1 °C with a constant 
power input and constant sink temperature 

FPR7 
In a redundant configuration, it shall be possible to mount two separate and 
identical Heat Switches in parallel between the radiator and the heat source 
without any individual performance degradation 

FPR3-MHS-003: The design of the switch shall not consider the event of freezing of the 
  carbon dioxide. 
FPR3- MHS -004: The MHS shall have an identical or adjustable design valid both for Mars 
  ground and for deep space applications. 
FPR4- MHS -006: The heat switch can have a smaller switching range but the middle  
 temperature should be 20 °C. 
 
 
2) Interface Requirements 

Spec. 

Reference 
Description 

IR1 
The Heat Switch shall have a flat mechanical interface on the Hot and Cold side 
for mounting onto the dissipating component and to temperature sink 

IR2 The Heat Switch shall have a hot mounting surface area of roughly 16 cm2 

IR3 
The Heat Switch shall meet the requirements with cold interface temperatures 
between -125 °C and 50 °C and with hot interface temperatures between -55 °C 
and 60 °C 

IR2-MHS-014: The MHS has to be the most compact possible. The distance between the cold 
  and the hot plate should be as short as possible. 
 

 

3) Environmental Requirements 

The MHS shall be designed and manufactured to withstand the following environmental 
conditions: 

Spec. 

Reference 
Description 

ER1 
The qualification temperatures for the Heat Switch are the temperature listed in 
IR3 with margin of 10 K applied on the extreme values (-135 °C and +70 °C) 

ER3 
The Heat Switch shall not be affected by a radiation environment of 30kRad 
accumulated over its life. Note: In order to cover a larger range of applications, 
the Heat Switch should be insensitive to the radiation environment since 



 
 
 

36 
 

Qualification test of heat switch for Martian conditions 

possible future missions could be subject to 30kRad/day 

ER4 
The Heat Switch shall be able to work in every position with respect to gravity 
acceleration and in 0G. 

 
 
4) Physical & Resource Requirements 

Spec. 

Reference 
Description 

PRR1 The Heat Switch shall have a mass of 60 grams and lower than 90 grams  

 

 

5) Operational Requirements 

Spec. 

Reference 
Description 

OR1 The Heat Switch shall have an operational life greater than 7 years 

 

 

6) Design Requirements 

Spec. 

Reference 
Description 

DR1 The heat switch design should allow the set-point to be changed 

DR5 
The Heat Switch shall fail open, meaning that in all failure cases the heat switch 
shall remain OFF. 

DR6 
The Heat Switch design shall be capable to be sterilized with Dry Heat 
Microbial Reduction process at + 125 °C for 30 hours 

DR7 The Heat Switch shall be designed to sustain 100000 open and close cycles 

DR1-MHS-025: The MHS design, should allow the set-point to be changed in a discretely 
  way (not in flight). The range of the variation shall stay within that specified in 
  FPR4. Any set point shall be the medium point of a variable conductivity range 
  of ±5 K. 
DR7-MHS-031: The Heat Switch shall be designed to sustain 100000 open and close cycles. 
  No test is required. 
000-MHS-33: There shall be no maintenance required to any component of the MHS over the 
  duration of the ground lifecycle. 
000-MHS-34: The MHS shall not require any electrical power to be activated. 
 
All the requirements in the design section as fatigue, prevention of corrosion, materials and 
processes suitable for space applications and demands to fulfil product safety requirements, 
are stated in the ESA SOW Report - Appendix 1. 
 

 

7) Verification & Testing Requirements 

Spec. 

Reference 
Description 

VTR1 
The Heat Switch shall be subject to 8 thermal cycles over the temperature range 
specified in ER1 with a hold-time of 1hour at each temperature extreme. 

VTR4 The thermal performance of the Heat Switch shall be measured 

VTR5 The simulation of large heat load variations shall be performed (i.e. by 
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increasing and decreasing the applied heat load) 

 
C) Subsystem requirements – actuator paraffin: [1][2] 

000-MHS-044: The actuator at the close, when it cools the equipment, it must apply a force of 
  roughly 500 N. 
 
 

3.3 Miniaturized heat switch design  

Miniaturized heat switch design was developed by Italian company Aero Sekur, a prime 
contractor for the project. The development comprises two steps, the first one to manufacture 
a Bread Board (BB), the initial specimen to test the key technologies and parameters of 
predicted performance followed by the second phase to produce an improved Engineering 
Qualification Model (EQM) based on the BB results to undergo the final Qualification tests. 
 

The MHS are composed by three main components: [2] 

- Actuator PCM which can do the stroke of 1.5 mm when subjected at the 

temperature variation of 10 °C, between 15 °C and 25 °C. When the 

temperature rises, on reaching a predetermined temperature, it closes the 

thermal contact, allowing the transmission of heat between the equipment and 

the heat sink, and vice versa when the temperature decreases, to the same 

value, open the contact and disable the heat transmission. 

- Conductive cover, flexible with a capability of an elastic stroke of 1.5 mm. 

His function is to establish the conductive path between the two extreme parts 

of the switch, when it is in ON position and to cut the conductive path when it 

is in OFF position. 

- Structure composed by Hot plate, Cold plate and insulators. Its function is to 

contain the actuator and the conductive cover and to connect the internal 

payload on the hot plate with the external heat sink, on the cold plate, 

transferring heat load or insulating the payload from the external low 

temperatures. 

Additional copper plates have to be mounted on both sides of the Miniaturized heat switch to 

fulfil the requirements for stiffness during the transportation into space. The copper plates 

were not considered in the first concepts but were added later and hence the adaption in 

testing facility design followed. 

 

 

Miniaturized Heat Switch design: 

MHS Dimension:  DS = 42 mm   Diameter 
   HS = 26.2 mm   Height 
   AS = 1564.53 mm2   Area of the MHS thermal loaded surface 
   S = 1.5 mm   Elastic stroke 
Copper plate:  DP = 56 mm   Diameter 
   HP = 8 m   Height 
   AP = 2463 mm2   Area of the plate 
MHS assembly: H = 42.2 mm    Height 
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Figure 3.1: Miniaturized Heat Switch (a) front view, (b) top view (c) isometric view. 

 

 
Figure 3.2: Miniaturized Heat Switch assembly (MHS between additional copper plates). 

 
 
Two generations of Miniaturized heat switch specimen: 

 

a) Bread Board (BB): [1] 

 Test temperatures: - 15 °C ÷ + 30 °C (the maximum temperature should not overrun 
      + 40 °C in any case, confirmed by Aero Sekur). 
 Conductivity change: between 15 °C and 25 °C of the hot interface (HI) temperature. 
 Mars environment: not mandatory during tests, but recommended. 
  

Table 3.1: Breadboard design conductance in a variation of HI temperature 

Temperature [°C] Conductance [W.K
-1

] 

- 15 < 0.012 

+ 15 0.012 

+ 25 0.91 

+ 30 To be defined 

 
 Two breadboards were already delivered to the Institute of Aerospace Engineering, 
 BUT. One breadboard with PCM C16 has a melting temperature of 18 °C with a 
 stroke of 1.5 mm. The second breadboard with PCM C15/C16, ratio 2:1 and a melting 
 temperature of 13.5 °C has a stroke 1.5 mm. The spacers of the breadboard with C16 
 will be changed later in order to test a stroke of 1.7 mm. [4] 
 
b) Engineering Qualification Model (EQM): [1] 

 Testing temperatures: - 125 °C ÷ + 60 °C  
 Conductivity change: between 15 °C to 25 °C of the hot interface 
 Mars environment: mandatory 
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3.4 BB and EQM test preliminary requirements 

The test campaign shall be performed on two Bread Boards of Miniaturized heat switch to 
certify the key technologies. Based on the BB results Aero Sekur will manufacture the 
Engineering Qualification Model to endure the final qualification tests. All the tests 
concerning heat transfer through the MHS assembly will be performed at the Institute of 
Aerospace Engineering, BUT. 
Note: Qualification test is a formally defined series of tests by which the functional, 
environmental or reliability performance of a component may be evaluated in order to satisfy 
the contractor or owner prior to final approval and acceptance as the design of the 
construction fulfil all the preliminary requirements. [71] 
 
 
Bread Board test procedure and objectives: [2] 

Test of the actuator: 
- performed by Aero Sekur 

1. Determine the capability of the actuator to perform the stroke of 1.5 mm within the 

temperature range between 15 °C and 25 °C. 

2. Determine the maximum force action from the actuator within the same temperature 

range. 

3. Characterize the behavior of the actuator at the temperature above 25 °C to determine 

an extra stroke and extra force. 

Test of the Bread Boards: 

- performed by Aero Sekur 

- BB MHS without the additional copper plates 

1. The heat switches were tested in a vacuum chamber that was initially evacuated for 

24 hours to allow the out-gassing. 

Test of the Bread Board MHS assembly: 
- Test cycles will be performed at Institute of Aerospace Engineering, BUT 

- BB MHS with the additional copper plates 

1. Determine the thermal conductance of the switch in the expected Mars ambient 

environment, vacuum and temperatures. 

2. Characterize the switch performance in the hottest and coldest temperatures of Martian 

diurnal cycle. This test case will show how the heat switch behaves in a simulated 

Martian environment on a warm day and in a cold day. 

3. Determine the behavior of MHS at the extreme temperatures considering in particular 

the cold case at -125 °C and the influence of CO2 at the pressure of 10 mbar in the 

vacuum (to rebut or confirm the prediction of CO2 condensation). 

 
 
Engineering Qualification Model test procedure: [2] 
The EQM will undergo the Qualification tests with almost the same test procedures and test 
set-ups as Bread Boards, only with these differences: 

- On the breadboard the min. temperature can be -15 °C, on the EQM shall be -125 °C. 
- During the breadboard test is not mandatory to mimic the Mars environment by 

vacuum back-filling of 8 to 10 mbar of CO2 gas, during the EQM test is mandatory. 
However, ESA prefers to test the BB also with the Mars environment, if possible. 
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3.4.1 Specification of measurement conditions and accuracy  

Environmental conditions in the HST chamber: 

a) Vacuum - the vacuum pressure  50 Pa 
 

b) Mars environment - CO2  gas at pressure range  800 Pa – 1 000 Pa 
  - overall theoretical pressure  50 Pa – 1 000 Pa 
 

c) Mars atm. temperature        - unknown inside the chamber (it will be possibly clarified 
    during the first HST chamber functionality test) 

 

 

 

Heat switch interface contact conditions: [2] 

The interface contact condition will be given by the surface quality and the pressure applied 
on the contacts. The test chamber design will provide constant pressure during the whole 
temperature range thanks to the weight on the upper (hot) interface, the total force acting on 
the heat switch will be roughly 80 N. 
 
Hot interface temperature:  - 55 °C ÷ + 60 °C 
Cold interface temperature:  - 125 °C ÷ + 50 °C 
Heat flow applied on the HI:  0 W ÷ 10 W 
 

 

 

Measured parameters: 

- Temperatures:  

A) Hot Interface 
B) Cold Interface 
C) The outside surfaces of additional copper plates mounted to MHS 
D) Hot interface heat transfer rod 
E) Cold interface heat transfer rod 

- Pressure: 

F) Pressure inside the chamber 
- Heat flow:   

  The heat flow will be determined directly from the current and  
  potential running through the resistors or indirectly from the  
  temperature difference on both sides of the additional copper plates.  
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Measurement accuracy requirements: [2] 

Chamber ambient conditions: 

Ambient temperature:   22 +/- 3 °C 
Relative humidity:    55 % +/- 10 % 
Ambient pressure:    1013.25 +/- 33.3 hPa 
 

General measurement tolerances and accuracy: 

Temperature:  - Max. limits   - 0 ° C, + 3 °C 
  - Min. limits   + 0 ° C, - 3 °C 
  - Time stability   +/- 1 °C  
  - Geometric uniformity +/- 3 °C 
Thermocouples accuracy    +/- 0.5 °C 
Pressure:      +/- 5 % 
Test duration time:    + 5 % 
 

Equipment accuracy: 

The test equipment shall be checked periodically in order to maintain its accuracy during the 
test campaign. The test facility shall be inside its calibration period. 
 

 

 

 

3.5 Initial test cycles 

The Breadboard specimens will be tested in a temperature range different to the EQM model. 
ESA together with Aero Sekur initially designed the test campaign consisting of two BB test 
cycles to determine precisely the conductance transition range and three EQM test cycles, the 
first two cycles will be the same as prescribed for breadboards and the third one to mimic the 
extreme temperatures during the Martian diurnal cycle, so called Sol. The test cycles will be: 
[2] 
 
Test group 1: Maintain constant temperature on the Cold Interface (CI) and change the power 
on the Hot Interface (HI) by steps from 1 to 10 W to detect the width of the transition range. 
Perform at least three cycles in order to detect the repeatability of the transition behaviour. 
Test group 2:  Maintain the power constant of 10 W on the Hot Interface and change the 
temperature of the cold surface (BB: - 15 °C to + 30 °C; EQM: - 60 °C to + 50 °C), perform 
at least three cycles. 
Test group 3: Mimic the extreme temperatures (- 125 °C ÷ + 60 °C) during the Martian 
diurnal cycle. 
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3.5.1 Test group 1 

The application of changing thermal load from 1 to 10 Watts (13 W is margin) on the Hot 
Interface (HI) and the application of sustained predefined constant temperatures on the Cold 
Interface (CI) - hold 30 minutes at each temperature extreme and then apply every heat load 
for at least 2 hours. [1] 

 

a) Hot Interface thermal load  – input parameter 

b) Cold Interface temperature  – input parameter 

c) Hot Interface temperature  – output parameter 

 

 

 
Figure 3.3: Graphic interpretation of test block 1: changing the heat flow on HI and 

application of constant temperature on CI.  

 
Note: The temperature during test cycle can´t overrun + 40 °C in any case for BB specimens 
(confirmed by Aero Sekur on 9 December 2015). 
Note 2: In the first test description there was a demand to apply four different heat loads: 
1 W, 4W, 7W and 10 W. It will be enough to perform only three steps of the heat, i.e. 2 W, 
6 W and 10 W (the change was made on 9 December 2015 and confirmed by Aero Sekur). 
  
 
Aim of the test 1:  
To calculate Miniaturized heat switch conductivity K [W.K-1] for different thermal loads 
(from 2 W to 10 W) in the range of predicted transition of MHS conductivity (expected 
between the temperatures + 15 °C and + 25 °C achieved on HI). 
 
 
Test procedure: 
Cool down both interfaces to - 15 °C with the gradient of 35 °C/hr. (the ambient temperature 
is roughly 20 °C). In each test block, hold 30 minutes at the temperature and then start to 
apply thermal loads of 2, 6 and 10 Watts, each for at least 2 hours. After application of the 
highest 10 W load (13 W is margin) heat up the cold interface to the next pre-described 
temperature: 0 °C, + 15 °C and + 30 °C. Keep the extreme temperatures for 30 minutes as 
shown in Figure 3.3 and start to apply the thermal load again. Repeat the test cycle from the 
figure above three times for each BB and EQM specimen in order to certify the measurement 
repeatability (environment conditions in the test chamber after each cycle does not have to be 
the same as ambient). 
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3.5.2 Test group 2 

The application of the specific thermal load of 10 W on the Hot Interface and application of 
the temperature cycle on the MHS Cold Interface: – 15 °C to + 30 °C for Bread Boards and - 
60 °C to + 50 °C for EQM specimen. Make at least three 6 hours-lasting cycles for BB and 
three 12 hours-lasting cycles for EQM plus hold 1 hour at each temperature extreme. [1] 

 

a) Hot Interface thermal load  – input parameter 

b) Cold Interface temperature during cycle  – input parameter 

c) Hot Interface temperature  – output parameter 

d)  

 

 
Figure 3.4: BB test block 2 graphic: thermal load of 10 W on HI and temperature cycles on 

CI between – 15 °C and + 30 °C within 6 hours. 

 

 

Note: The temperature range for BB specimen is only 45 °C hence the cycle can be 
performed in a shorter time, e.g. 6 hours. 
 

 
Figure 3.5: EQM test block 2 graphic: thermal load of 10 W on HI and temperature cycles 

on CI between – 60 °C and + 50 °C within 12 hours. 
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Aim of the test 2:  
To calculate MHS conductivity K [W.K-1] depending on the CI temperatures varying in the 
range of predicted conductivity transition with simultaneous application of the maximum HI 
heat load of 10 Watts. The results should be presented afterwards in charts (to demonstrate 
obviously, where the MHS conductivity change occurs, depending on HI temperature). 
 
 
Test procedure: 
Cool down the specimen interfaces to - 15 °C for BB with the gradient of 35 °C/hour and to - 
60 °C for EQM with the gradient control of 40 °C/hour. The cooling process shall be 
performed within 1 hour for BB test and 2 hours for EQM cycle, if possible. After reaching 
the bottom temperatures start to apply thermal load 10 W and simultaneously hold the 
extreme temperatures for 1 hour. Heat up the Cold Interface with the temperature gradient 
prescribed in Table 5 performing 6 hours-lasting cycle for BB specimen and 12 hours-lasting 
cycle for EQM. Keep the highest temperature again for 1 hour. Repeat this test cycle three 
times for each BB and EQM model in order to certify the measurement repeatability 
(environment conditions in the test chamber after each cycle does not have to be the same as 
ambient, it should be attained only after each group of tests). 

 
Table 3.2: Temperature heating gradients prescribed for Cold Interface temperature cycles 

to be performed within 6 hours of BB and 12 hours of EQM second group of test 

°C °C/sec °C/min °C/hr 

BB Cold Interface -15 to +30 0.002083 0.125 7.5 

EQM Cold Interface -60 to +50 0.002546 0.1528 9.1667 
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3.5.3 Test group 3 (only for EQM Qualification test) 

The application of temperature cycles both on the Cold Interface and the Hot Interface with 
different temperature ranges. Temperature gradients are performed simultaneously during 24 
hours. Keep each temperature extreme at least 1 hour. [1] 

  

a) Hot interface temperature during cycle   - input parameter 
b) Cold interface temperature during cycle   - input parameter 
c) Hot interface heat flow during cycle  - output parameter 
d) Cold interface heat flow during cycle   - output parameter 

 
Note: Perform this test cycle only for the EQM specimen. 
 

 
Figure 3.6: EQM test block 3 graphic: different temperature cycles on CI and HI within 24 

hours for each cycle. 

 
Aim of the test 3:  
To confirm, that the Miniaturized heat switch works as predicted in all conditions and during 
different temperature cycles applied both on Hot and Cold Interfaces, simulating the real dial 
conditions on Mars. Moreover to approve the range of the MHS conductivity transition range, 
depending on Hot Interface. The final results should be presented in charts. 
 
 
Test procedure: 
Cool down the specimen interfaces to the lowest temperatures prescribed for each interface 
(HI: - 50 °C; CI: - 125 °C), hold 1 hour at the constant temperature and then perform the 
temperature cycles (HI: – 55 °C to + 60 °C; CI: – 125 °C to + 50 °C) on both interfaces within 
24 hours for each cycle. The cooling and heating gradients are stated in the Table 3.3, the 
cooling has to be gradient-controlled as well as the heating. 
 

Table 3.3: Temperature heating and cooling gradients for EQM Cold and Hot Interfaces 

within different temperature range 

°C °C/sec °C/min °C/hr 

Hot Interface - 55 to + 60 0.002904 0.1742 10.45 

Cold Interface - 125 to + 50 0.004419 0.2652 15.91 
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4. TEST CHAMBER EVOLUTION 

4.1 Requirements for test chamber design 

Test facility for BB and EQM tests is a baric chamber operating in vacuum. The following 
requirements were initially prescribed by Aero Sekur together with ESA to fulfil all the 
important demands for the Heat switch test chamber. 
 The set-up shall be capable of varying the Hot Interface and the Cold Interface 
temperatures in a configuration as close as possible to the real application and of simulating 
the equipment power dissipation in the specified range while simultaneously controlling the 
Cold Interface temperature imitating the heat radiator outside in the ambient environment.   
  
The Hot Interface can be simulated using an aluminium plate mounted on the opposite side to 
the Heat Switch interface assuring controlled cooling as well as heating: 
 
 a) Uniform heating on most of the surface to drive the Hot Interface temperature in the 
  foreseen range – 55 °C ÷ + 60 °C. 
 b) Local heating of the area simulating the unit thermal dissipation from 0 W to 10 W. 
 
The Cold Interface can be simulated using an aluminium plate mounted on a Cold Interface 
enabling to thermally regulate the temperature or to keep a constant temperature in the 
specified range using the liquid nitrogen and heating devices: 
 
 a) Regulate or keep a constant temperature within the range – 125 °C ÷ + 50 °C.  
 
The Cold Interface will be mechanically coupled by a thermal plate imitating the mechanical 
connection of the Miniaturized heat switch on the satellite panel, taking care to limit the direct 
conductivity from the hot interface and heat sink. 
 Separated power supplies shall be used to independently regulate the heaters with an 
accuracy of at least 0.1 W.  
 Thermocouples will be used to measure the temperature distribution on both interfaces 
and to control the heater circuit. Thermocouples will be mounted as well on a suitable surface 
of the Heat Switch to measure the thermal gradient between the Hot Interface and actuator 
and between the actuator and Cold Interface.  
 The set-up shall be able to provide a completely independent thermal environment to 
the Hot and to the Cold Interface and to control the Hot Interface temperature range by a 
combination of a radiating environment and the equipment power dissipation. [2] 
  

 
Figure 4.1: Test facility draft for BB and EQM testing initially designed by Aero Sekur. 
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4.2 Design evolution procedure 

The Heat switch test chamber evolution can be divided into several phases and fade into the 
test campaign with specimen development. The design evolution procedure is continuously 
upgraded based on the results of initial tests and general meeting reviews. The phases follow 
in chronological order and comprise short change explanations although more details about 
each chamber design version will be stated in Chapters 4.4 to 4.9. This overview will enable 
to have a look at the general project development. 
  
 
1. Phase: Project preparation before December 2014 
 The project basic requirements for MHS performance and design were determined by 
 ESA and Aero Sekur (information concerning initial test requirements were included) 
 in ESA SOW Heat Switch – Preliminary Functional Specification Report published in 
 2011 and in advanced Requirement Document TN02 310609 A published by Aero 
 Sekur in July 2012. [1][2] 
 
 
2. Phase: Bread Boards development – till December 2015 
 Two different Bread Boards of Miniaturized heat switch were designed and 
 manufactured by Italian company Aero Sekur to test the key technologies of 
 performance in a Heat switch test chamber.  
  Two Bread Boards were delivered together with additional copper plates to the 
 Institute of Aerospace Engineering, BUT at the beginning of December 2015. 
 
 
3. Phase: HST chamber initial development (2014 – December 2015) 
 Simultaneously with the specimens development the Heat switch test chamber was 
 designed at Institute of Aerospace Engineering, BUT. The evolution of the first design 
 version started at the end of 2014 and was followed later by next three version 
 upgrades. 
 
 Version 0: HST chamber initial design made by Ing. Petr Brožek based on the  
 particular requirements stated in ESA SOW document and TN02 Report and 
 manufacture. [1][2] The chamber was manufactured throughout the summer 2015. 
 Version 1: The new version improvements designed by Ing. Marek Horák, Ph.D. were 
 based on the latest Version 0. The body of the chamber was already manufactured 
 however the systems necessary to fulfil the requirements for testing had not been 
 designed yet, especially when consider the system for pressure control. In addition the 
 insulation was added to components intended for a heat transfer.  
 Copper plates – At the beginning of November 2015 Aero Sekur set down the demand 
 for additional copper plates to be mounted on both sides of the Miniaturized Heat 
 Switch and any other verification specimen. The copper plates will be 8 mm thick. In 
 order to house the enlarged test specimen, some changes of the HST chamber 
 components will be necessary. 
 
 
4. Phase: Meeting at the Institute of Aerospace Engineering, BUT on 9 December 2015  
 The representatives of participating institutions met at the Institute of Aerospace 
 Engineering, BUT on 9 December 2015 to inspect the new HST chamber facility and 
 to confirm the design acceptance. 
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  In addition the meeting program included Acceptance Review of the new 
 thermal testing facility, Inspection of Heat Switch Breadboards, Review of Blank Test 
 Results, Review of Heat Switch Test Plan and Review of Breadboard Heat Switch 
 Test Procedure. [4] 
  The participants were on behalf of ESA: Stephane Lapensée, Aero Sekur: 
 Giuseppe Bonzano and BUT: Ing. Robert Popela, Ph.D. 
  The elementary performance calibration tests of the chamber design were 
 successfully done during the meeting. The facility design was accepted with some 
 prescribed additional requirements published in the final Meeting report 15-GB-010. 
 [4] After all the upgrades will be implemented the test campaign can start 
 immediately. 
 
 
5. Phase: Final chamber development for BB testing (December 2015 – April 2016) 
 Based on the results of the initial tests new objectives and demands for chamber 
 design evolution were drawn in the final Meeting report 15-GB-010. [4] 
 
 Version 2 – initial: The most significant change to the Version 1 was the involvement 
 of the additional copper plates and hence some components of the chamber had to be 
 modified. The drawings can be seen in the Appendix A6 and A7. Upgrades based on 
 the Meeting report comprehended for example application of an Upilex foil to prevent 
 radiation leakages or graphite foils to improve the contact conditions between the 
 interfaces, copper plates and MHS specimen.  
 Version 2 – Advanced: Immediately after the Version 2 – Initial assembly, a wrong 
 temperature indication occurred. A new modification required a three-wire line 
 configuration of temperature probes instead of the previous two-wire line 
 configuration. Some components had to be remade again, the drawings can be seen in 
 the Appendix A8, A9, A10. This resulted in a limited number of probes which can be 
 used for BB testing. Later during the test campaign the pressure gauge was exchanged 
 with a vacuum valve for a better pressure indication. 
 
 
6. Phase: Final chamber development for EQM testing 
 The requirements for EQM Qualification tests have to be more rigorous then for BB 
 testing and hence some upgrades to the Version 2 – Advanced will be essential. 
 
 Version 3: Currently there is a need to have more thermocouples for EQM 
 Qualification tests so the third electric vacuum feed-through was manufactured. The 
 other demand comprehends lower CO2 pressure of 50 Pa inside the HST chamber 
 during Miniaturized heat switch EQM tests. 
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4. 3 Chamber design parameters 

Test facility for the BB and EQM tests is a baric chamber operating in vacuum and enabling 
to mimic Mars atmosphere. 

 
Most important requirements: 
Hot Interface:   Temperature    – 55 °C ÷ + 60 °C 
   Heat load    1 ÷ 10 W  
Cold Interface: Temperature    – 125 °C ÷ + 50 °C 
Inner environment:  Vacuum    100 Pa 
   Mimic Mars atmosphere  100 ÷ 1000 Pa CO2 
 
Materials used: Stainless steel, copper (Cu), Teflon (PTFE), other materials as rubber or glass 
for components with special application 
 
Chamber dimensions: Length: 530 mm (713 mm with systems) 
   Width: 344 mm 
   Height: 393 mm (509 mm with systems) 
 
Chamber inner volume: 5.5 dm3  
Mass weight: roughly 55 kg 
 
 
 

4.4 Version 0 

This HST chamber evolution Version 0 was originally designed by Ing. Petr Brožek. 
 

HST Chamber: 

The Heat switch test (HST) chamber design was designed as a modular facility with respect to 
all initial requirements and enabling future modifications. The body of the chamber was 
designed to be made of stainless steel, the thermally loaded parts enabling heat transfer were 
designed of copper with respect to its high conductivity and components which had to insulate 
the hot or cold part from the rest of the chamber were designed to be made of Teflon (PTFE). 
To reach such a low temperatures, the liquid nitrogen (LIN) was chosen as a coolant. 
 The basic body of the chamber was made of “T” shape part enabling to accommodate 
all the components and equipment for Heat switch testing. The central T part was enclosed 
with two large flanges (marked: Flange 200) which were designed to enable inner MHS 
interface cooling and to support the data signals and electricity exchange from outside to 
inside of the chamber (by vacuum electric feed-throughs) to measure and control the 
prescribed temperature cycles. The legs were added on both sides of the flanges. The top 
compartment covered by flange (Flange 125) was designed to house a Weight mass and to 
allow the access during specimen exchange. In addition the top flange has to accommodate 
the vacuum system and system for C02 supply. A window SAA 100 flange was designed in 
the front of the centre body to enable easier manipulation with specimens inside the chamber 
and to allow eye control of the inner composition, as can be seen in the Figure 4.2. 
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Figure 4.2: Version 0: Heat switch test chamber design. 

 
The specimen shall be placed in between two interfaces, the Hot Interface representing the 
equipment with heat dissipation and the Cold interface simulating the heat sink (radiator) 
outside the facility in the outer ambient Mars environment. Both interfaces are represented by 
Copper components (marked: Cold Interface and Hot Interface) which has to enable the 
temperature measurement, interface cooling and automatically controlled heating. 
 The CI heat transfer assembly is fastened together with the inner Cold interface and 
consists of a copper CI Rod and outer CI tank for liquid nitrogen to enable cooling down of 
the specimen contact surface. The HI heat transfer assembly is the same with the copper HI 
Rod and HI tank, but inside the chamber is connected by four copper Belts with the Hot 
Interface. This configuration has to allow the heat dilatation of the thermally loaded 
components. Since the required temperature cycle for HI is higher than for CI, the worst 
conductance of the Belts doesn´t play a significant role in prescribed tests performance. The 
Belts are fastened by eight copper screws. 
 On the top of the assembly there is a Weight mass increasing the pressure ensuring 
better contact conditions between the surfaces of Hot and Cold interfaces. The Weight stands 
on the PTFE Weight pad which insulates the Weight mass from thermally loaded 
components, especially from HI. 
 The tightness of the chamber is ensured by O-rings sealing in the grooves of the 
flanges and the requirement for thermal insulation of HST chamber walls is attained by PTFE 
discs and O-ring PTFE sealing between the components Flange joint steel and Flange 200, as 
can be observed in Figure 4.3. 
 The probe data signals and power exchange from outside to inside of the chamber is 
transmitted by two vacuum electric feed-throughs to measure and control the prescribed 
temperature cycles close to the MHS surfaces and to enable interface heating. 
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Figure 4.3: Version 0: Heat switch test chamber inner design (“T” body part is currently 

hidden to reveal the interface composition). 

 
Chamber supply systems: 

The presented essential sub-systems are designed to fulfil the basic requirements for 
Miniaturized heat switch test conditions. One can see the initial system scheme draft in the 
Figure 4.5. All the system components will be further described and the system scheme 
improved in next chapters concerning several HST chamber evolution versions.  
  
Cooling system:  CI and HI tanks for liquid nitrogen (LIN: - 196 °C) 
To cool down one of the interfaces, the liquid nitrogen has to be added to the outer chamber 
CI or HI tank and the interface will be cooled due to thermal exchange along the Heat transfer 
assembly. 
   

 
Figure 4.4: Version 0: Control panel with temperature Controllers Ht40P and two AC SSR 

relays. 
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Automatic controlled heating system: - AC solid state relay (SSR: RGC1A23D15KGU) 
         - Temperature Controller (Ht40P – TE-K0R-000) 
         - Resistors (R 8R TO220 35W 1% HITANO) 
 The automatic control of the heating requires two independent Temperature 
Controllers separately for Cold and Hot Interfaces. The governing controller signals are sent 
into the AC Solid State Relays (SSR) and thus control the amount of the electric power 
provided to resistors which transform most of the power into heat. The electric power for the 
relays is provided form House electricity network. The Controllers input parameter for heat 
regulation is a temperature close to the specimen interface to enable the precise temperature 
cycle performance as described in Chapter 3.5. 
 
Temperature measuring devices:  - Temperature probes (Pt 100: P0K1-202-3FW) 
     - Vacuum electric feed-throughs (D-sub 2x9pin/KF40) 
 The thermocouples will be placed as close as possible to the specimen interface 
surfaces glued in the small grooves in the surface of the copper Cold and Hot chamber 
Interface. The temperature probes will be added as well along the CI and HI Heat transfer 
assembly to measure the heat exchange and possibly to evaluate the heat load applied on the 
interfaces, especially on the HI. The signals from thermocouples and electric power for 
resistors are transmitted inside and outside of the vacuum chamber by the vacuum electric 
feed-throughs. Hence the number of pins in feed-throughs is limited the two-wire line 
configuration for temperature probes was used in order to maximize their number to 16. 
However this compact configuration proved to be faulty in later measurements. 
 
Pressure control system:  - Pressure gauge 
    - Vacuum pump 
    - CO2 tank 
    - Valves 
 The pressure control system was designed as a continuous flow manually controlled 
system regulated by valves based on the equal amount of CO2 added inside the chamber and 
the same amount of gas sucked out by a vacuum pump. The CO2 gas will be stored in a CO2 
tank and added inside the chamber through a special valve suitable for gas feeding into low 
pressures. The low pressure will be measured by a pressure gauge. 
 

Warning: Danger of high CO2 concentration in Ground level and the 1st floor of C3A 
building, where the HST chamber and all systems are placed. A window has to be opened in 
the closeness of the HST chamber and a hose mounted to the vacuum pump has to deliver 
CO2 gas outside the building. Otherwise within 12 hours there might appear too high CO2 
concentration 3%. In addition few centimetres above the floor the concentration can be much 
higher due to CO2 higher density compared to the air! Headache and sleepiness might occur 
for 3 - 5 % CO2 concentration, 8 – 10 % can cause unconsciousness and after few minutes 
without fresh air - death. 
 
Data acquisition system (DAS): - DAS unit + PC  
All the measured data signals will be sent to the central DAS system and displayed in a 
computer in order to easily control the test measurements. The measured data after each 
programme will be saved in PC for further processing. The number and types of the required 
data units will be given by the number of necessary data channels. 
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Figure 4.5: Version 0: System scheme (the large scale of the scheme can be seen 

in Appendix A2). 
 
 
 

4.5 Version 1 

Changes to HST chamber Version 0 were designed by Ing. Marek Horák, Ph.D. 
The body of the HST chamber was particularly designed in Version 0 which was the first 
progress in the chamber evolution and the manufacture works began. However the systems 
necessary to fulfil the requirements for testing were drafted mostly theoretically. Especially 
the system for pressure control had not been designed yet. 
 The further description of chamber design will be focused only on changes made to 
the previous version of the chamber design and related systems. 
 
Changes made to Version 0:  

  - Cold parts insulation  - CI and HI tanks 
      - PTFE tape 

  - Pressure control system  - Leak valve, CO2 tank, Reduction valve 
      - Active Pirani gauge, Active Digital Controller 
      - Vacuum pump, Vacuum tank, Ball valve 
  - DAS – ESAM Traveller 1CF 
HST Chamber:  
The cold parts outside the chamber as CI and HI tanks intended for liquid nitrogen storage 
and copper Rods enabling the heat transfer from inside to outside of the chamber have to be 
insulated by blocks of PU foam. This arrangement will prevent high thermal leakages and will 
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keep the LIN coolant in liquid form over longer time. The blocks of PU foam can be seen in 
the Figure 4.6. 
 In order to limit the thermal leakages inside of the HST chamber roll on the PTFE tape 
of at least 2 mm thickness (equal to min. 10 layers) around all the copper components 
designed to transfer the heat loads and some parts made of stainless steel influenced by low 
temperatures in the CI and HI heat transfer assembly.  
 

 
Figure 4.6: Version 1: Heat switch test chamber design with insulation and pressure control 

system upgrade. 
 
 
Chamber supply systems: 

Pressure measuring devices:  - Active Pirani gauge (APG 100 XM NW16) 
    - Active Digital Controller (ADC: MkII enhanced version) 
 Active Pirani gauge is a pressure measuring instrument using hot-wire element 
technology suitable for extremely low pressure measurements thanks to its high accuracy and 
voltage signal linear dependency on the logarithmic scale of pressure. The measured 
information coded in voltage signal is sent through a data channel to the Active Digital 
Controller which enables to display the measured pressure. The data are then transmitted to 
the DAS unit and storage in the computer for further processing. The disadvantage of the 
APG 100 XM is the nonlinear measurement behaviour which depends on the different gas 
medium and thus the data have to be corrected to exact values. 
 
Vacuum system: - Ball valve (IBV16MKS NW16) 
   - Vacuum pump 

   - Vacuum tank (50 dm3, 100 Pa) 
 The vacuum system was designed to consist of a Vacuum pump, Vacuum tank and a 
Ball valve as can be seen in the Figure 4.7. The vacuum environment was determined as 1.0 
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mbar inside the HST chamber for validation tests and BB tests hence the Vacuum pump was 
chosen in respect of this value. The Vacuum tank of 50 dm3 was integrated to limit the 
pressure fluctuations caused by Vacuum pump and enables soft pressure control if it is 
needed. The Ball valve isolates the environment inside the chamber from vacuum system and 
is attached to the Flange 200 bellow the vacuum feed-throughs. The Ball was designed to 
participate in regulation of CO2 gas flow during test procedure while the pump will work 
continuously.  
 
CO2 supply system: - CO2 tank (8.2 dm3, 200 bar) 
   - Leak valve (LV10K Fine Control Leak Valve) 
   - Reduction valve 
 One of the most challenging problem was to think out the method of CO2 gas supply 
into low pressure of 800 to 1000 Pa in the HST chamber considering enormous pressure 
difference roughly 20 000 times lower than the pressure of 200 bar inside the CO2 tank. The 
result to use a Leak valve which is in fact a controllable needle valve turned out to be suitable. 
The maximum Leak valve intake pressure is approximately 2 bars and has not to be 
overreached. The Reduction valve will be mounted onto CO2 tank with the capacity of 
8.2 dm3 and pressure 200 bars to reduce the supply rate gas pressure bellow the required 
2 bars. One can observe the system scheme in the Figure 4.7 with the basic definition of each 
component and a type of connections between. 
 

 
Figure 4.7: Version 1: Pressure control system scheme. 

 

 
Figure 4.8: HST Chamber Version 1 with designed pressure control system, Control panel 

and DAS unit. 
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4.6 Inspection of the new HST chamber facility at BUT (9 December 2015) 

The representatives of participating institutions met at the Institute of Aerospace Engineering, 
BUT on 9 December 2015 to inspect the new HST chamber facility and to confirm the design 
acceptance.  
 The facility design was accepted with some prescribed additional requirements 
published in the final Meeting report 15-GB-010 which are listed further. [4] Only the 
relevant information regarding chamber design, systems and test plans are stated: 
 

1) High vacuum pump could be available and could be used for the EQM testing in order 
to get a lower pressure inside the test chamber. Currently the requirement given by 
Aero Sekur was 50 Pa. This is a worse case for the off conductance measurement but 
an optimistic case for the maximum conductance of the switch. 

2) The requirement for the cold interface is -125 °C. However, it is very probable that 
during testing, CO2 will freeze and the pressure inside the chamber will decrease. The 
testing could be limited to -110 °C on the cold side of the interface. This was 
confirmed during initial test of the chamber. 

3) A thin graphite film will be used between interfaces heating element and the switch in 
order to increase the thermal contact conductance. The temperature of the heating 
plate and switch hot interface will be measured in order to determine the contact 
conductance. Currently 7 temperature measuring points are installed on the switch side 
and 2 on the upper heating plate.  

4) Insulation material will be used to insulate the switch from the chamber. Mylar VDA 
film will be used to reduce the radiation exchange from the braid to the chamber. Aero 
Sekur will provide UPILEX to VUT to be installed around the switch during testing in 
order to reduce the heat leakages. Upilex film should also be installed around the hot 
and cold chamber interfaces to limit also the heat leakages.  

5) Relays purchased for controlling the heaters on the cold and hot chamber interfaces 
are design AC and not DC. New relays will be ordered and installed.  

6) The facility will be calibrated using two dummy specimens, one with representative 
open conductivity and another with close conductivity. 

7) A first run of the chamber was performed. The cold interface was cold down to -138 
°C. The CO2 pressure was maintained to 500 Pa down to -115 °C where the CO2 
pressure started to drop due to solidification of the CO2. The hot interface was reduced 
to roughly -68 °C. Following the cool down, the interfaces were warm-up to 50 °C.  

8) Additional Thermocouples will be installed on the cold linking rod (Between CI tank 
and Switch support plate).  

9) The Facility acceptance Review is declared to be successful and testing of the 

breadboard can start once that the facility calibration runs are completed. 
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4.7 Version 2 – Initial (Elementary calibration tests) 

The most significant change to the Version 1 was the involvement of the additional copper 
plates and hence some components of the chamber had to be modified. The drawings can be 
seen in the Appendix A6 and A7. Upgrades based on the Meeting report comprehended for 
example application of an Upilex foil to prevent radiation leakages or graphite films to 
improve the contact conditions between the interfaces, copper plates and MHS specimen. 
 

Changes made to Version 1: 
  - Copper plates - position of temperature probes, adaptation of the Weight 
  - Upilex and Mylar foil 
  - Graphite plates 
  - DC solid state relay 
  - DC power supply 
  - No flow of CO2 gas – chamber as a closed system 
 
HST Chamber: 

The additional copper plates have to be mounted on both sides of the Miniaturized heat switch 
in order to provide enough strength during lift off phase and to enable its final implementation 
between the equipment and heat radiator of the landing payload. The temperature probes 
(two-wire line configuration) will be placed on the surfaces close to the MHS in the grooves 
of 8 mm thick copper plates, as can be seen in Figure 4.9, and will enable to monitor precisely 
the temperatures and to determine heat load. The drawing for copper plate manufacturing can 
be observed in Appendix A6. 
 

 
Figure 4.9: Miniaturized heat switch between the graphite foils and additional copper plates. 
 
However higher dimensions of the MHS assembly led to the modification of the Weigh 
placed above the Hot Interface which provides better heat transfer while increasing the 
pressure contact condition between the chamber components and specimen. Twelve 
millimetres had to be cut away. The drawing for Weight 2 manufacturing can be observed in 
Appendix A7. 
 In addition to increase the heat exchange (thermal contact conductance) between the 
surfaces, the graphite foils have to be used between all the copper contact surfaces. This 
requirement was stated in the final Meeting report 15-GB-010 together with use of Upilex and 
Mylar film as an insulation material. Both films will be placed around the specimen and heat 
transfer assembly components to reduce the radiation exchange (heat leakages) from the 
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Switch to the chamber. The inner composition with graphite foils can be observed in Figure 
4.11.   
 

 
Figure 4.10: Version 2 – Initial: HST chamber cross section. 

 

 
Figure 4.11: Version 2 - Initial: Heat switch test chamber inner design (“T” body part is 

currently hidden to reveal the interface composition with graphite foils and copper plates). 
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Chamber supply systems: 

Only a few changes have been made to the design of supply systems. The overall system 
scheme with all designed components can be seen in Figure 4.12. 
 
Temperature control system:   - DC solid state relay (CRYDOM D4D07) 
     - DC power supply 
 The use of AC solid state relays turned out to be unsuitable in cooperation with 
temperature Controllers and thus they were changed for DC SSR relays. The electric power 
for the relays is generated separately for both interfaces by DC power supplies with 
controllable output, the HI DC power supply with an accuracy of at least 0.1 W. 
 
Pressure control system: 
After the initial tests were performed during the meeting at BUT on 9 December 2015, the 
tightness of the chamber turned out to be exceptionally well and thus the CO2 pressure control 
will not be further considered as continuous flow. After each initial Mars atmosphere 
simulation at the beginning of the test procedure the chamber will be enclosed. Only in case 
of pressure increase over 1000 Par, the environment shall be regulated to set up the pressure 
again in the range of 800 to 1000 Pa of CO2 gas. 
 
  

 
Figure 4.12: Version 2 - Initial: System scheme (the large scale of the scheme can be seen in 

Appendix A3). 
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4.8 Version 2 – Advanced (Validation tests, BB tests) 

The HST chamber evolution Version 2 – Advanced is intended for Validation tests and BB 
test campaign. The design is approved nevertheless some changes can turn out to be 
necessary. 
 
Changes made to Version 2 - Initial: 
  - Three-wire line configuration of probes – only 10 thermocouples operational 
  - Dummy design 
  - Measuring without copper belts 
  - Pressure gauge and vacuum pump exchange 
   
 
HST Chamber: 

Immediately after the Version 2 – Initial assembly, a wrong temperature indication occurred. 
A new development required a three-wire line configuration of temperature probes instead of 
the previous two-wire line configuration. Copper plates, HI and CI components had to be 
removed again and modified to enlarge the holes for wires, the drawings can be seen in the 
Appendix A8, A9 and A10. This resulted in a smaller number of probes which can be used for 
Validation tests and BB testing because of a limited number of pins in the electric vacuum 
feed-throughs. One can see this limitation drafted in Figure 4.15.  
 

 
Figure 4.13: Dummy I generation design assembled with copper plates and graphite foils 

(Left: Dummy I imitating opened MHS position, Right: Dummy 2 imitating closed position). 
 

 

To perform the Validation tests, two Dummies have been designed and manufactured to serve 
as an equivalent specimen to Miniaturized heat switch. Two dummies have been required 
each simulating closed or opened position of the actuator (MHS changing conductance below 
15 °C and above 25 °C). The design of the first generation can be seen in Figure 4.13. 
 Within the Validation test procedure, the heat load control and evaluation turned out to 
be very complicated and too much heat escaped within the copper Belts conductive path. 
Therefore the copper belts were removed for tests which comprise the heat load application to 
the Hot Interface. This chamber modification can be visible in Figure 4.14. Slow cooling of 
the HI, more obvious in temperatures below 15 °C when the MHS has lower conductance, is 
the only disadvantage of this solution. 
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Figure 4.14: Version 2 - Advanced: Heat switch test chamber inner design without the copper 

Belts (“T” body part is currently hidden to reveal the interface composition). 
 
Chamber supply systems: 

Later during the test campaign the pressure gauge was exchanged with a vacuum Ball valve. 
The Pirani gauge was initially placed on the top of the chamber, but heated gas by resistors 
inside ballooned up and caused wrong pressure indication. Moreover the CO2 molecules 
concentration decrease due to the chamber leakage, the air comes inside and increase the 
pressure. However the air is lighter than carbon dioxide molecules and climbs up in the 
chamber, causing other wrong Pirani gauge pressure indication. The Pirani gauge exchanged 
position can be visible in Figure 4.15 scheme draft.  
 

 
Figure 4.15: Version 2 - Advanced: System scheme (the large scale of the scheme can be seen 

in Appendix A4). 
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Figure 4.16: Version 2 - Advanced: HST chamber layout with all the necessary supply 

systems (Vacuum pump, Vacuum tank,CO2 tank, Control panel, DC power supply, DAS unit). 
 
 
 

4.9 Version 3 (EQM tests) 

The HST chamber evolution Version 3 for BB Qualification tests is only a design with 
predicted changes on the Version 2 – Advance intended for BB test campaign. More 
requirements can occur during the Phase 5 as described in Chapter 4.2 Design evolution 
procedure. However the requirements for EQM Qualification tests have to be more rigorous 
then for BB testing and hence some upgrades to the Version 2 – Advanced will be essential. 
 
Changes made to Version 2 - Advanced: 
  - One addtional vacuum feed-through – up to 16 thermocouples installed 
  - 50 Pa vacuum environment  
 
HST Chamber: 

Currently there is a need to have more thermocouples for EQM Qualification tests. The third 
electric vacuum feed-through was manufactured and will be added to the chamber 
immediately after the BB campaign will be over. Three feed-throughs will enable to measure 
temperatures of up to 16 temperature sensors. The designed location of the additional 
component is evident from the Figure 4.17 and the constellation of 16 thermocouples can be 
observed in Figure 4.18. 
 
Chamber supply systems: 

The other demand comprehends lower CO2 pressure of 0.5 mbar inside the HST chamber 
during Miniaturized heat switch EQM tests to favour an optimistic case for maximum 
conductance of the heat switch. 
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Figure 4.17: Version 3: HST chamber design with the additional electric vacuum feed-

through location. 
 
 

 
Figure 4.18: Version 3: System scheme (the large scale of the scheme can be seen in 

Appendix A5). 
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4.10 Process on HST chamber components assembling 

Note: It would be convenient to work in utility gloves during all the process of assembling. 
All components have to be degreased before final assembling (mandatory!), for example by 
industrial alcohol - is efficient and vapours quickly. 
Copper parts: Operational surfaces of some copper parts were covered by corrosion. It was 
decided, that the corrosion layer does not have to be cleared off because it does not have a big 
impact on the material conductivity. What more, it would appear anyway during months in 
operation and later it will not be able to use the anticorrosion procedure due to glued thermal 
probes. The threads should be checked and cleared because of some material cuts which could 
remain after manufacturing. 

4.10.1 Chamber assembling procedure 

1. Glue two thermal sensors (2x2 P0.K1.202) on each Hot and Cold Interface component 

and screw down the resistors (4x2 R8/35W; M3x6) on the right positions. 

2. Glue 6 probes (6x2 P0.K1.202) on each additional copper plate, put them on both sides 

of the specimen, add graphite foils between and fix it by screws. 

3. Down cooling (CI): Join the Cold Interface part with CI Rod by copper screw M10. 

Add CI clamp and CI tank on CI Rod part. Be aware of clamp joint seizure, use silicon 

based oil as prevention, stretch the jaws of the clamp by M6x55 screws and then fix it by 

hollow screws). 

4. Roll on the PTFE tape around all the heat transfer parts of the Down cooling assembly of 

at least 2 mm thickness (min. 10 layers). 

5. Screw down the Down cooling (Flange joint steel C) on the Flange_200C part by screws 

M6x35, nuts M6 and cup springs Hennlich R0127; place O-ring PTFE sealing (Ø85x3.5) 

in the grooves of PTFE disc and Flange joint steel to access the tightness and thermal 

insulation. (Be aware of cup spring´s orientation; pull down within 0.35÷0.4 mm). 

6. Upper cooling (HI): Join the HI Rod by 4 copper screws M8 with 4 copper Belts 

covered by at least 2 mm thick PTFE tape (min. 10 layers). Screw down these Belts with 

Cold Interface component by next 4xM8 Cu screws. Add HI clamp and HI tank on HI 

Rod part. Be aware of clamp joint seizure, use silicon based oil as prevention, stretch the 

jaws of the clamp by M6x55 screws and then fix it by hollow screws. 

7. Roll on the PTFE tape around all the heat transfer parts of the Upper cooling assembly 

of at least 2 mm thickness (min. 10 layers).  

8. Screw down the Upper cooling (Flange joint steel H) on the Flange_200H part by screws 

M6x35, nuts M6 and cup springs Hennlich R0127; place O-ring PTFE sealing (Ø85x3.5) 

in the grooves of PTFE disc and Flange joint steel to access the tightness and thermal 

insulation. (Be aware of cup spring´s orientation; pull down within 0.35÷0.4 mm). 

9. Place both vacuum feed-throughs on the flanges below the HI Heat transfer assembly, 

fix them by clamps ISO KF 40 and insert the connectors. 

10. T-part body assembling: Place both Flange_200C and Flange_200H on the T-part of 

the test chamber and screw it by M12x60, washer M12 and nuts M12. Place two silicon 

O-rings sealing (Ø212x3.5) in the grooves of Flange_200, add the legs on the chamber. 

After this procedure, place the specimen between the Hot and Cold interface. Cover both 
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interfaces, Heat transfer assemblies and specimen by the Upilex and Mylar VDA foil to 

protect it against radiation leakages and heat losses. 

11. Through the upper opening Flange_125 place the Weight pad (PTFE) and Weight 

component inside the chamber on the top of Hot Interface. Then close the Flange_125 

with O-ring silicon sealing (Ø136x3.5) by screws M10x45, washer and nuts M10. 

12. Close the window SAA 100 flange. 

13. Connect the Heat switch test chamber with the data acquisition system unit (DAS), with 

vacuum system and CO2 supply system by clamps ISO KF 16 and ISO KF 10. 

14. Isolate the outer cold parts with blocks of PU foam. 

15. Insert the Leak valve, the Pirani gauge and the Ball valve on the appropriate place by the 

centering rings and KF clamps. 

16. Interconnect the electric vacuum feed-throughs with Control panel and DAS unit. 

17. Final assembly of the HST chamber is ready to use. 

 

4.10.2 Change of specimen 

1. Open the upper Flange_125 and put out the Weight a Weight pad components. 

2. Open the front window SAA 100 flange and uncover the Upilex foil.  

3. Extrude the inner connectors from vacuum feed-throughs and pull out the specimen with 

the copper plates. Demount the specimen and place the new sample again in between the 

additional copper plates and graphite foils. 

4. With the use of upper and front flange holes place the specimen assembly inside the 

chamber between CI and HI, cover it with the Upilex and Mylar foil, insert the 

connectors, put the Weight and Weight pad inside and close both flanges again. 

 

4.11 Dummy design 

Dummy is a specimen - substitution of the Miniaturized heat switch to be used in the HST 
chamber during Elementary chamber validation and Validation test campaign.  
 Two different types of Dummies had to be designed due to the conductivity change in 
the transition temperature range between 15 °C and 25 °C. The first Dummy 1 intended for 
use in temperatures below 15 °C, its conductance is around 0.012 W.K-1 and the second 
Dummy 2 suitable for temperatures above 25 °C to overlap the change in MHS conductance 
up to 1.0 W.K-1.  
 Two generations of Dummy pairs have been designed. The second generation was 
designed from one piece of material since the first approach turned out to be faulty due to its 
folded design. The steel was chosen as an accessible and affordable material with good 
thermal conductivity of 50 W.m-1.K-1. According to material the available design limitations 
the final dummy conductance can be seen in the Table 4.1. 
 

Table 4.1: MHS, Dummy I and II generation closed/opened conductance 

Specimen conductance [W.K
-1

] 

Position MHS Dummy I Dummy II 

Opened (1) 0.012 0.066 0.082 

Closed (2) 0.937 0.937 0.941 
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Dummy I generation 

The first generation of Dummies was drafted as a joined design involving two triangular 
plates 2 mm thick imitating interface shape of MHS and a centre component different for the 
Dummy 1 simulating opened position and Dummy 2 simulating closed position of the MHS 
actuator. These three components were screwed and welded together however the parallelism 
and planarity of both side plates became poor after joining process. Moreover the contact 
thermal resistance between all the components turned out to be too high that the final 
conductance of both Dummies differed from predictions. Therefore they could not be used 
anymore for Validation test procedure. 

 
Figure 4.19: Dummy I generation design. 
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Dummy II generation 

The second generation of Dummies was designed from one piece of material to limit the 
contact thermal resistance. The base of both Dummies was drafted as circular with the same 
surface area as the area of MHS interfaces. The design of Dummy 1 and Dummy 2 was 
chosen as similar as possible and differed only in the central outer diameter. The conductance 
of Dummy 1 simulating the MHS actuator opened position was 6.8 times higher than the 
conductance of MHS, but for Validation tests was determined as convenient. 

 
Figure 4.20: Dummy II generation design. 
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5. TEST CHAMBER SYSTEMS AND SET-UP 

5.1 List of equipment 

Vacuum system:  Ball valve (IBV16MKS NW16) 
    Vacuum pump  
    Vacuum tank (50 dm3, max. 1.5 x 105 Pa – 1.5 bar) 
System of CO2 supply: CO2 tank (8.2 dm3, 2 x 107 Pa - 200 bar) 
    Leak valve (LV10K Fine Control Leak Valve) 
    Reduction valve (300 bar / 2 bar) 
Pressure measuring devices:  Active Pirani gauge (APG 100 XM NW16) 
    Active Digital Controller (ADC: MkII enhanced version) 
Cooling system:   Liquid nitrogen (LIN: - 196 °C) 
       Tank for liquid nitrogen storage 
Automatically controlled heating system: AC relay (SSR: RGC1A23D15KGU; version 0,1) 
         DC relay (version 2, 3) (CRYDOM D4D07)
        Temperature Controllers (Ht40P – TE-K0R-000) 
         Resistors (R 8R TO220 35W 1% HITANO) 
      DC power supply 
      Amperemeter and Voltmeter 
Temperature measuring devices:  Temperature probes (Pt 100: P0K1-202-3FW) 
     Feed-throughs (D-sub 2 x 9 pin / KF40) 
     Glue (X60: 2-component fast curing adhesive) 
Data acquisition system: ESAM Traveller 1CF (32 Channels) version 2.5 
    PC  
 
 

5.2 Vacuum system 

 - Ball valve (IBV16MKS NW16) 
 - Vacuum pump  
 - Vacuum tank (50 dm3, max. 1.5 x 105 Pa – 1.5 bar) 
 
The vacuum system consists of three main components. The low pressure inside the Vaccum 
tank and HST chamber is created by the vacuum pump. The lowest possible pressure reached 
inside the chamber during validation tests was 100 Pa. 
 The Vacuum tank enables to decrease an effect of pressure fluctuations caused by the 
pump and the Ball valve separates the inner environment of the chamber from ambient 
pressure. An air filter was added to the pressure tank in order to protect the vacuum system 
against dust intake during refilling by air to reach atmospheric pressure. 
 
A. Vacuum tank 
Specification: 

Model:    Aquapress AFC50SB 
Volume:    50 litres 
Pre-charge Press:   1.5 x 105 Pa (1.5 bar) 
Max. Work Press:   1 x 106 Pa (10 bar) 
Max. Work Temp:   99 °C 
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B. Ball valve (IBV16MKS NW16 size)  
Specification: [5] 

Construction materials: 
 Body:     316L stainless steel 
 Ball:     316L stainless steel 
 Cups:     PTFE  
Leak rate:     1 x 10-4 Pa.ls-1 
Wide operating range:   10-4 Pa  
Ambient operating temp. range:  5 to 65 °C 
Reliability MTTF:    30000 cycles 
Weight :    1200 g 

 

 

 

5.3 System of CO2 supply 

 - CO2 tank (8.2 dm3, 2 x 107 Pa - 200 bar) 
 - Leak valve (LV10K Fine Control Leak Valve) 
 - Reduction valve (300 bar / 2 bar) 
 
CO2 gas is stored in a conventional CO2 tank and is supplied through the Reduction valve, 
which decreases the pressure from 200 bar inside of the full CO2 tank to maximal 2 bar 
pressure output, to the Leak valve. The leak valve then feed the gas into the HST chamber low 
pressure environment to create the required simulation of Martian atmosphere. The maximum 
input pressure of the Leak valve is exactly 2 bar. The final composition scheme of the 
pressure control system can be seen in Figure 5.1. 
 After initial calibration tests of the chamber design and its systems, the pressure 
control was changed from continuous flow to non-continuous flow of CO2. This was achieved 
by extremely well chamber tightness.  
 

 
Figure 5.1: Version 2 - Advanced: Pressure control system scheme. 

 
 
C. Leak valve (LV10K Fine Control Leak Valve) 
LV10K is a needle valve which provides fine control of gas bleed into a vacuum chamber. 
The flow rate is regulated by turns of the adjuster as shown in the Figure 5.3.  
Specification: [6] 
 Max flow rate:    0.1 ls-1 
 Max inlet pressure:    2 105 Pa  
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 Max leak rate, across seat:   10-5 Pa.ls-1  
 Max leak rate, across body:   10-5 Pa.ls-1 
 Materials of construction: 
  Body:    Aluminium HE30 
  Seat Brass:    BS2784 C2112 
  Needle:    Martensitic stainless steel EN56AM 
 Filter:      Brass BS249 
 Vacuum connection:    NW10 
 Weight:     138 g   
 

 
Figure 5.2: Fine Control Leak Valve LV 10 K. [6] 

 

 
Figure 5.3: Typical flow curve: Number of turns of adjuster (N) against flow rate (l.s

-1
). [6] 

 
 
D. Reduction valve (300 bar / 2 bar) 

Reduction valve intended for use with classical CO2 tanks can be seen in Figure 5.4. 
Specification: [7] 
 Max. input pressure:   3 x 107 Pa (300 bar) 
 Max. output pressure:   2 x 105 Pa (2 bar) 
 Intake connection:    G3/4,  
 Output connection:    7/16 for quick coupling F7/16x8,  
 Manometer 2 x (indication of operating pressure and pressure inside the CO2 tank) 
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Figure 5.4: Reduction valve intended for use with classical CO2 tanks. [7] 

 
 
 

5.4 Pressure measuring devices 

 - Active Pirani gauge (APG 100 XM NW16) 
 - Active Digital Controller (ADC: MkII enhanced version) 
 
The low pressure environment inside of the test chamber is measured by a Pirani gauge. The 
electrical signal is transferred to the ADC Controller and the value of pressure is displayed. 
This device enables as well to send the data to DAS unit and to the PC to be stored and 
evaluated.  
 The pressure reading of CO2 gas environment is unfortunately false since the pressure 
gauge is calibrated with air or nitrogen gas and thus the measured data have to be recalculated 
to the real pressure values. The calibration curve is displayed in the Figure 5.5. 
 

 
Figure 5.5: Gas dependency of APG100-XM between the true and indicated pressure. [8] 

 
 For pressure below 100 Pa (1 mbar) a simple calibration factor can be used to correct 
the gas types. Gas Calibration Factors (GFC) for common gases are shown in Table 5.1.  
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True pressure = GFC x indicated pressure. 
 

Table 5.1: Gas Calibration Factor for different gases below the pressure 100 Pa. [8] 

Gas He Ne N2 Ar CO2 Kr 

GFC 1.1 1.5 1.0 1.7 1.0 2.6 

 
 

Pirani gauge calibration: 

 Pirani gauge has to be calibrated once a time to ensure the high accuracy pressure 
reading. The calibration was made on: 9.12.2015, 5.4.2016, 22.4.2016 
  
 

Location of the Pirani gauge: 
 The Pirani gauge was, based on the test results, exchanged with the Ball valve and 
placed into the low horizontal position ensuring more precise pressure reading hence in the 
upper vertical position a false pressure reading was caused by CO2-air gas mixture and by a 
heated gas, which ballooned up to the gauge distorted the pressure indication. 
 
 
E. Active Pirani gauge (APG 100-XM linear Pirani gauge NW16) 

Pirani gauge has to be calibrated once a time because of the changing ambient conditions in 
time and a contamination builds up on the filament. The calibration frequency with which it 
should be repeated will vary depending on the level of the contamination. The process can be 
made by adjusting the atmosphere or vacuum settings and is described below: 

- Atmosphere adjustment – at least 10 minutes operation at atmospheric pressure  
- Vacuum adjustment – reduce the pressure to 1 x 10-4 Pa or below, allow the gauge to 

operate for at least 10 minutes and press the CAL button. 
- Remote calibration – Some controllers enable the atmosphere and vacuum readings to 

be automatically adjusted from the front panel of the controller 
 
Features: [8] 
 - Thermal conductivity principle; the rate of heat loss from a heated filament is  
  dependent on the pressure of gas surrounding the filament 
 - Linear output - 1 Volt per decade for easy interface with vacuum control systems 
  (calibrated for N2 and air) 
 - Compatible with ADC digital controllers - remote calibration possible 
 - Atmosphere or vacuum calibration (remote or direct) 
 - Replaceable sensor tube 
 - Can be mounted in any orientation; position recalibration required at atmospheric 
  pressure (however it is recommended to mount the gauge tube vertical in order 
  to minimise condensable vapours within the gauge) 
 - Conversion of measured data is required for different gases except dry air, nitrogen 
  and carbon monoxide 
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Figure 5.6: APG 100-XM linear Pirani gauge NW16. [9] 

 
Specifications: [9] 
Technical data: 
 Measurement range:    10-1 to 105 Pa (10-3 to 1000 mbar) 
 Accuracy:     typically ± 15 % at < 104 Pa (100 mbar) 
 Maximum internal pressure:   106 Pa (10 bar) absolute (9 x 105 Pa gauge) 
 Filament temperature:   100 °C above ambient 
 Ambient temperature: 
  Operating:    5 to 60 °C 
  Storage:    - 30 to + 70 °C 
 Humidity:     80 % relative humidity up to 31 °C 
 Internal volume of tube:   5 cm3 
 Dimensions:     83 x 41 x 30 mm 
 Mass:      85g 
Electrical data: 
 Electrical supply voltage:   15 to 30 VDC nominal (13.5 V min., 32 V max.) 
 Maximum power consumption:  1 W 
 Pressure output signal: 
  Range:    1.9 to 9.1 V 
  Error range:    output <1.8 V or output > 9.2 V 
  Max. output current:   1 mA 
 Gauge identification resistance:  36 kΩ 
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Figure 5.7: APG 100-XM pressure range and linear voltage output - 1 Volt per decade. [8] 

 
 
 
F. Active Digital Controller (ADC: MkII enhanced version) 

Active Digital Controller automatically recognises the connected gauge. Simply plug in the 
mains supply, connect the gauge and the ADC displays the measured pressure. ADC generally 
supports gauges with a total measuring range of 2 x 105 Pa to 1 x 10-7 Pa (2000 to 1 x 10-9 
mbar). 
 
Specification: [10] 
 Active gauge compatibility:   APG100, APG-L, APG-MP, APG-M, APGX-H, 
      APGX-L, AIM-S, AIM-X & ASG. 
 Units:      mbar/Torr/Pa/Volts 
 Operating temperature:   + 0 °C to + 40 °C 
 Storage temperature:   - 30 °C to + 70 °C 
 Max ambient operating humidity:  90% relative humidity, non condensing at 40 °C 
 Electrical supply:    100 to 240V AC; 47 to 63 Hz 
 Serial interface:    RS232 serial interface allows the ADC to be 
      linked to a PC or other system controller. 
 Analog output:    0-10 VDC output signal per gauge channel 
 Display:     High brightness green LED display (12mm) 
 Dimensions:     159 x 90 x 43 mm 
 Weight:     330 g 
  

 
 

Figure 5.8: ADC: MkII enhanced version. [10] 



 
 
 

75 
 

Qualification test of heat switch for Martian conditions 

5.5 Cooling system 

 - Liquid nitrogen (LIN: - 196 °C) 
  - Tank for liquid nitrogen storage 
 
Liquid nitrogen is used to cool down the Interfaces inside of the HST chamber to the required 
lowest temperature of – 110 °C. The liquid nitrogen has temperature – 196 °C and is stored in 
a specially isolated tank with automatic overpressure control. The coolant is then added to CI 
or HI tank attached to the chamber assembly and cool down the copper Heat transfer path. 
The cooling of the Interfaces is therefore performed indirectly throughout the heat exchange. 
 Even stored in a special tank, after few days without use the liquid nitrogen will 
unfortunately run out of. 
 
 
 

5.6 Automatically controlled heating system 

 - AC relay (SSR: RGC1A23D15KGU; version 0, 1) 
 - DC relay (CRYDOM D4D07; version 2, 3)       
 - Temperature Controllers (Ht40P – TE-K0R-000) 
 - Resistors (R 8R TO220 35W 1% HITANO) 
 - DC power supply  
 - Amperemeter and Voltmeter 
 

 
Figure 5.9: Resistor circuit. 

 
Table 5.2: Values of theoretical power for set-up and real power applied to resistors. 

Qteor. U Iteor. Ireal. Qreal. 

[W] [V] [A] [A] [W] 

1 2,83 0,35 0,335 0,95 

2 4,00 0,50 0,475 1,90 

4 5,66 0,71 0,67 3,79 

7 7,48 0,94 0,89 6,66 

10 8,94 1,12 1,07 9,52 

 
Automatically controlled heating system consists of four main components. The power is 
added by two DC power supplies with adjustable output to DC relays (AC relays were 
initially used in Version 0 and 1 of the chamber evolution, but turned out to be unsuitable for 
this application). The temperature Controllers with respect to the required temperature turns 
on and off the power running through the relays with variable frequency which depends on 
the temperature gradient. The heat inside the chamber is produced by four resistors placed on 
each Hot and Cold Interface. 
 The required power has to be adjusted on the DC power supply device connected to 
the Hot Interface. In the Table 5.2 one can observe the values of current and voltage for set up 
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which were calculated for the resistor circuit displayed in Figure 5.9. But the real values of 
current will differ and has to be considered in further post-processing. Therefore the 
Amperemeter and Voltmeter will be used to measure the required parameters. 
 
 
G. AC relay (SSR: RGC1A23D15KGU) 

The AC solid state relays were used only in first two versions of the chamber evolution and 
no measurements were performed with them. 
 
Specification: [11] 
 Type:     AC Solid state relay 
 Series:    RGC1 
 Number of circuits:   1  
 Switching type:   Zero voltage  
 Output current :   20 A 
 Input signal:    3~32 VDC  
 Output voltage:   230 VAC  
 Integral heat sink:   Yes  
 Status indication:   Yes  
 Dimensions:    27 x 150 x 186 mm (H x W x D) 
 Weight:    264 g 

Figure 5.10: AC SSR relay.[11] 

 
 
H. DC relay (CRYDOM D4D07) 

DC solid state relays were used since the Version 2 – Initial of the HST chamber evolution for 
all relevant measurement performed up to date. 
 
Specification: [12] 
Load:  
 Load current:     7A  
 Operating voltage:   min. 0 VDC; max. 400 VDC  
 Control voltage:    min. 3.5 VDC; max. 32 VDC  
 Switching Mode:    DC Switch 
Input: 
 Control Voltage Range:   3.5-32 VDC 
 Maximum Reverse Voltage:   32 VDC 
 Minimum Turn-On Voltage:   3.5 VDC 
 Must Turn-Off Voltage:   1 VDC 
 Minimum Input Current:   10 mA 
 Maximum Input Current:   15 mA 
General: 
 Ambient Operating Temperatures:  - 40 °C to 100 °C 
 Ambient Storage Temperatures:  - 40 °C to 125 °C 
 Weight:     75.5 g 

Figure 5.11: DC SSR relay.[12] 
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I. Temperature Controllers (Ht40P – TE-K0R-000) 

 Type specification: [13] 
  Input (T) = thermal input 
  Output (E) = retransmit output 
  Output 1 (K) = ssr driver 
  Alarm output (R) = electromechanical relay 
  Version of software (000) 
 
The Controllers regulates temperature on CI and HI inside the 
thermal chamber. Regulation can be manual to the required 
temperature or automatic following user prescribed program. 
The Ht40P measures the temperature of one probe on each CI 
and HI side and according to required temperature switch 
on/off periodically the relays, which supply the power to 
thermal resistors.  
 Overview of the controllers Ht40P set up can be seen 
in Table 5.3 and Table 5.4. These parameters were selected 
according to actual type of controllers and functions required 
for temperature and heat control due to prescribed tests. 
 Explanation of each shortcut can be e.g. found at: 
http://www.lac.cz/doc/Manual_HT40P_EN.pdf.  
 Values for HI and CI out1 parameters in Operation 
level were generated automatically during calibration, when 
Controllers sent an input signal to the system and on the basis 
of response they set up the integration and derivation component of regulation parameters. 
Presented values in Table 5.4 are set up for heating gradients in the range of - 15 °C to 30 °C 
for Dummy 1 and can be changed due to new automatic regulation when another specimen 
will be measured. 
 

Table 5.3: Overview of the controllers Ht40P parameters set up in Configuration level. 

CONFIGURATION LEVEL: table of parameters  

InP1:   CoMM:   retransmit: 

Sen 1 rtd   CoMM OFF   Aout PrC 

dEC1 0.0   ot2:   ProC 0 - 20 mA 

CAL1 0   ot2 OFF   rtrL -135 

rL 1 -499   ot3:   rtrh 70 

rh 1 2499   out3 OFF       

ot1:   SYS:   uSEr: 

ot1 ht   PoW -   StP1 run 

Pr1 0-10   SLEP SP1   StP2 Aut 

Ct1 1   SP1L -135   StP3 AoFF 

ALGo PId   SP1h 70   StP4 ALLo 

SPId -   rAMP both   StP5 ALhI 

PLLo 100   GSD OFF   StP6 CLK 

S PL 100   GSdE 2   StP7 - 

PLhI 100   dErt 2.0   StP8 - 

 

Figure 5.12: Temperature 

Controller Ht40P. [13] 

http://www.lac.cz/doc/Manual_HT40P_EN.pdf
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Table 5.4: Overview of the Controllers Ht40P parameters set up in Operation level. 

OPERATION LEVEL: table of parameters 

General:   HI out1: PID param.*   out2: 

PCn1 0   Pb1A 8   Pb2A OFF 

PPrG 0   It1A 7.5   It2A OFF 

Ptot 0   dE1A 0.18   dE2A OFF 

Aut OFF   CI out1: PID param.*   CLK: 

dPEr 10   Pb1A 15   YEAr 2015 

dSto OFF   It1A 1.7   Mon DEC 

AoFF YES   dE1A 0.06   dAtE 8 

* Current values of PID parameters can differ due to the st-up. 
 
 
J. Resistors (R 8R TO220 35W 1% HITANO) 

Resistors were chosen because of the electrically isolated case protection and easy to mount 
compact design. 
 
Specification: [14] 
 Resistance R:     8 Ohm 
 Input:      35 W 
 Tolerance:     ± 1 % 
 Operating voltage:    350 V max. 
 Dielectric strength:    1800 VAC 
 Insulation resistance:    10 GΩmin. 
 Working temperature range:   - 65 °C to + 150 °C 

Figure 5.13: Resistor HITANO. [14] 
 
 
K. DC power supply 

Two DC power supply devices are used to provide required energy for heating. 
 

HI: DC Power supply (1542022, McVoice) 
 Controllable output power:    0 – 72 W 
 Input:      220 / 240 VAC; 50 Hz 
 Output:     24 VDC; 3 A 
  

CI: DC Regulated power supply (ProfiLine 3524, McVoice) 
 Input:      220 / 240 VAC; 50 Hz 
 Output:     24VDC; 3 A/5 A (continuous operation/short run) 
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5.7 Temperature measuring devices 

 - Temperature probes (Pt 100: P0K1-202-3FW) 
 - Electric vacuum feed-throughs (D-sub 2 x 9 pin / KF40) 
 - Glue (X60: 2-component fast curing adhesive) 
 
Temperature sensors Pt 100 were chosen to measure precisely temperatures on different 
surfaces of the specimen assembly inside of the test chamber. The electric data signals are 
transferred through the electric vacuum feed-throughs, specially designed for vacuum tight 
application, to temperature Controllers and DAS unit to be stored and evaluated later. The 
probes and a piece of electric wires are glued inside small holes and grooves by the glue X60. 
 The preliminary design had two-wire line configuration of the thermocouples that 
unfortunately turned out to be unsuitable due to unknown resistance of wires causing wrong 
temperature reading. Therefore the system was redesigned with three-wire line configuration 
of the probes. 
 More wires needed to transfer the temperature signal through the electric vacuum 
feed-through caused lower number of sensors to be measured. It was determined, that for 
Validation tests and BB test campaign 10 probes are enough to be measure since for EQM 
Qualification tests is not sufficient. Therefore third vacuum feed-through was manufactured. 
 
 
Correction of temperature reading: 

The temperatures displayed by the DAS unit ESAM Traveller slightly differ in values of the 
steady state ambient temperature. Therefore many measurements were made to evaluate the 
average error of each temperature reading, the errors are shown in the Table 5.5. The 
thermocouples are highly accurate sensors however the DAS unit can cause inaccuracy in 
signal reading.  
  

Table 5.5: Average temperature reading errors. 

ΔTH2-7 ΔTH1,8 ΔTC2-7 ΔTC1,8 

[°C] [°C] [°C] [°C] 
-0,05 0,04 0,03 -0,03 

 
 

 
Figure 5.15: Definition of wire connection layout in vacuum feed-throughs different for BB 

and EQM testing.   
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Figure 5.14: Position and definition of temperature sensors in CI, HI and additional copper 

plates. 

 
 
Set-up for measurements: 

The heat switch test chamber was completed with the additional copper plates which enabled 
to house more thermocouples to measure the heat transfer precisely. Two probes are glued in 
each Cold and Hot copper base, 6 thermocouples in each copper plate. According to 
temperature measurement performance, one of those 6 probes was determined for regulation 
intentions.  
 

 
Table 5.6: Temperature sensor and wire number, label and colour identification 

Feed - 

through 
Label 

Probe 

number 

Wire 

colour 

Feed - 

through pin 

Wire 

identification 

HR 
TH1,8 

T1 Pink 4,5,6 +,-,c 

T8 Orange 7,8,9 +,-,c 

H+, H- Heaters Black 1,2 +,- 

CR 
TC1,8 

T1 Purple 4,5,6 +,-,c 

T8 Orange 7,8,9 +,-,c 

H+, H- Heaters Black 1,2 +,- 

H1 TH2_7 

T3 Yellow 1,2,3 +,-,c 

T4 Orange 4,5,6 +,-,c 

T6 Braun 7,8,9 +,-,c 
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H2 

T2 White 1,2,3 +,-,c 

T5 Red 4,5,6 +,-,c 

T7 Black 7,8,9 +,-,c 

C1 

TC2_7 

T3 Yellow 1,2,3 +,-,c 

T4 Orange 4,5,6 +,-,c 

T6 Braun 7,8,9 +,-,c 

C2 

T2 White 1,2,3 +,-,c 

T5 Blue 4,5,6 +,-,c 

T7 Black 7,8,9 +,-,c 

HR TH1 replaced T9 Yellow 4,5,6 +,-,c 

CR TC1 replaced T9 White 4,5,6 +,-,c 

 
 
 
L. Temperature probes (Pt 100: P0K1-202-3FW) 

Platinum thermal resistors PT100 are used as temperature sensors. The numeric value 100 
means 100 Ω resistance at temperature 0 °C. The principle of temperature reading is based on 
a thermal dependency of electrical conductivity of platinum metal. 
 Pt 100 were chosen because of their high measuring accuracy and other advantages as: 
fast response time, small dimensions, excellent long-term stability and low self-heating. 
 
Specification: [15] 
 Temperature Sensing Range:  - 200 °C to + 300 °C 
 Nominal resistance:    100 Ohm at 0 °C 
 Long term stability:    less than 0.04 % error per 1000 hours of max. 
      temperature application 
 Self heating:     3.2 mW.K-1 (air, v = 0 m.s-1) 
 Dimensions:     2 x 2 x 1.3 mm (L x W x H) 
 Tolerance:     DIN EN 60751 F 0,15 (class A) 
 Contacts:     Nickel flat wire gold coated, 0.2 x 0.4 x 7 mm  
 Recommended applied current:  1 mA (100 Ohm) 
 

 
 

Figure 5.16: Temperature probes Pt 100. [15] 
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M. Electric vacuum feed-throughs (D-sub 2 x 9 pin / KF40) 

 - Two are used for Validation tests 
 - Three are prescribed to be used for EQM testing 

 
Figure 5.17: Electric vacuum feed-throughs (D-sub 2 x 9 pin / KF40). 

 
 
N. Glue (X60: 2-component fast curing adhesive) 

X60 is a 2-component fast curing adhesive, consisting of a powder (component A) and a 
liquid component (B). 
 
Specification: [16][17] 
 Thermal expansion coefficient α:    40 x 10-6 K-1 
 Modulus of elasticity after hardening:   4000 N.mm2 
 Temperature limits: 
  For zero-point related measurements:  - 200 °C to + 60 °C 
  For non zero-point related measurements:  - 200 °C to + 80 °C 
 
Temperatures up to 150 °C cause no damage to the adhesive; measurements are however not 
possible as long as the high temperature is present. 
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5.8 Data acquisition system  

 - ESAM Traveller 1CF (32 Channels) version 2.5 
 - PC 
 
ESAM Traveller is used as a Data acquisition system unit to read and record all the measured 
data signals. Through the USB port is connected with a computer, where the measured 
parameters are displayed and further evaluated. 
 
 
O. ESAM Traveller 1CF (32 Channels) version 2.5 

ESAM Traveller represents DAS unit low power, low voltage, fully digitalized system with 
selectable and changeable channel identification. It enables a continuous real-time data 
transfer with up to 8 MB/sec via USB 2.0 port 
 
Specification: [18][19] 
 Housing:   32 channels systems with LCD-display and front plate keyboard 
 Data Acquisition:  Simultaneous data acquisition sampling process of all channels 
 A/D-Converter:  16 bit A/D-converter for each analogue channel 
 Filter:    Digital hardware filter for each channel (noise reduction) 
 Interface:   USB 2.0 interface for data transfer and setup commands to or 
    from PC  
 Additional Interface:  RS232 interface for connection of Remote Control Unit 
 Power Supply:  10 to 36 VDC 
 Size:    121 x 302 x 206 mm 
 Weight:   3,5 kg (32 channels system cabinet) 
 
Resistance Temperature Detector Input Adapter: 
 Precise module for temperature measurement – especially for Pt100 sensors 
 Measurement Ranges:   - 100 °C to + 500 °C 
 Resolution:     min. 0.02 °C 
 Input impedance:    5 MΩ 
 Overall accuracy:    better than ± 1 °C 
 Supply Voltage:    5 ÷ 10 V 
 Supply current:    2 mA max. 
 

 
Figure 5.18: ESAM Traveller 1CF (32 Channels) version 2.5. [18] 
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6. HEAT SWITCH TEST CAMPAIGN 

The test campaign shall be performed on two Bread Boards of Miniaturized heat switch to 
certify the key technologies and based on the results Aero Sekur will manufacture the 
Engineering Qualification Model to proceed the final Qualification tests. All the tests 
concerning heat transfer through the MHS assembly will be performed at the Institute of 
Aerospace Engineering, BUT. 
 

 

1. Phase: Initial tests of Miniaturized heat switch performed by Aero Sekur 
 Tests of the actuator have been done to determine the basic performance behavior 
 within the conductance transition range. 
 Bread Board MHS out-gassing test was initially performed in an evacuated vacuum 
 chamber for 24 hours. 
 
 
2. Phase: The elementary calibration tests of the chamber design (December 2015) 
  Chamber Version 1  
  Specimen: Dummy I generation 
 The elementary tests have been done during the Meeting on 9 December 2015. As 
 predicted, the CO2 icing occurred below – 110 °C and thus all further tests will be 
 limited by this extreme temperature. The chamber tightness turned out to be 
 exceptionally well and thus the CO2 supply system was further considered as non-
 continuous flow.  
 
 
3. Phase: MHS tests validation (from April till May 2016 and still ongoing) 
 System parameters setting for data evaluation process: 
  Chamber Version 2 – Advanced 
  Specimen: Dummy I generation & copper plate 
 Many tests have been performed to determine the influence of the most important 
 parameters and to find out their proper settings in order to enable further measured 
 data processing which will lead to the MHS heat flow determination. For example the 
 pressure gauge and vacuum ball valve were exchanged to improve the pressure 
 indication (heated gas and air mixture had significant effect on the sensing accuracy). 
  The first generation of Dummies turned out to be unacceptable for heat flow 
 determination hence the assembly design made of three parts has unpredictable 
 conductivity much higher than the one predicted. The copper plate was used as a 
 specimen for further conductivity contact resistance which plays a significant role in 
 data evaluation process. 
 Data evaluation process verification: 
  Chamber Version 2 – Advanced 
  Specimen: Dummy II generation 
 The proposed procedure of the post-processing has to be confirmed with an improved 
 second Dummy generation specimen designed newly from one piece of material.  
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4. Phase: Inspection meeting at the Institute of Aerospace Engineering, BUT (planned for 
June 2016) 

 The meeting is planned on the beginning of June to accept the results of the MHS tests 
 validation phase and to inspect the post-processing procedure. In addition to review 
 the Breadboard MHS test procedure. 
 
5. Phase: BB tests  
  Chamber Version 2 – Advanced 
  Specimen: Two MHS Bread Boards  
 The draft plan of test procedure will be performed on two BB MHS models after the 
 successful validation of MHS tests on the Dummy II generation specimen. 
 
6. Phase: EQM Qualification tests 
  Chamber Version 3 
  Specimen: MHS Engineering Qualification Model 
 At the end of the Bead Board test campaign the measured data will be processed and 
 based on the results Aero Sekur will manufacture the Engineering Qualification Model 
 of Miniaturized heat switch to undergo the final Qualification tests. 
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7. TEST CHAMBER VALIDATION EXPERIMENTS 

In order to gain knowledge about the behaviour of the HST chamber design and to find out 
the system setups for Controllers and measuring devices, several validation tests should be 
performed. Moreover to verify the predictions about Heat switch measurement conditions and 
to design an evaluation procedure of the measured parameters to determine the required MHS 
conductance after BB and EQM test campaign.   
 
 

7.1 Elementary calibration tests of the chamber design 
The test facility has been designed with a respect to the requirements for MHS testing, 
defined by ESA and Aero Sekur. [1][2] In order to gain knowledge about the performance and 
limits of the Heat switch test chamber, several load tests should be performed. 
 Due to unknown behavior of the chamber design in extreme conditions, the test 
facility was loaded slowly step by step. The estimated failures of the chamber design and test 
conditions, which could occur during the calibration tests follows. 
 
Estimated failures: 

- CO2 icing (condensation) in low temperatures (the lowest temperature on CI: -125 °C) 
- Chamber untightness in low temperatures 
- Crack of the brazed joints in low temperatures 
- Inefficient cooling of the Cold Interface 

 

Chamber and systems general configuration: 

The heat switch test chamber was completed for calibration tests without the copper plates 
since they were delivered from Italy at the beginning of December 2015. However the 
required grooves and holes for probes were manufactured at the end of January 2016. This 
fact meant that the calibration tests were unfortunately performed with just 2 probes in each 
Cold and Hot Interface. The configuration excluded the Weight above the HI to decrease the 
pressure load applied to the braze joint, as part of the Cold heat transfer assembly, while the 
behaviour was unknown in such a low temperatures. Furthermore the Upilex and Mylar foils 
were not included.  
 The Elementary calibration tests of the chamber design were performed with the 
Dummy 2 – I generation specimen (representing closed switch position). The sample with 
higher conductance was chosen to protect the unverified chamber design against temperature 
shocks. Only the pressure inside the chamber and one temperature on each Cold and Hot 
Interfaces were recorded. 
 
Chamber design: Version 1 
 Weight:   No 
 Additional copper plates: No 
 Graphite foils:   No 
 Copper Belts:   Yes 
Supply systems: 
 Pirani gauge:    Top vertical position 
 Number of probes recorded:  2 
 Regulators: HI:  OFF 
   CI:  OFF 
 Position of temperature probes:  
 (filled ~ recorded; crossed ~ input for Controllers) 
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7.1.1 Reach the vacuum environment 

Test specification: 

Simulate the vacuum environment inside the HST chamber. Pump out the air from the 
measuring compartment to roughly 120 Pa and test the chamber tightness in ambient 
conditions.  
 

Aim of the test: 

The aim was to approve the HST chamber design tightness. The silicon sealing or PTFE O-
rings were used (depending on the predicted influence of heat load in prescribed tests) to 
tighten the flanges of the chamber. The next aim was to validate the vacuum system and find 
out the lowest possible pressure created by the vacuum pump. 
 
Test description: 

This first test has to verify, that the chamber is vacuum-tight and the sealing works in 
appropriate conditions. Follow the test procedure: 
A) Create the vacuum (120 Pa) in the chamber: 

A. Turn on the vacuum pump 
B. Create a vacuum environment in the test chamber (p = 120 Pa) 

B) Sealing tightness: 
C. Close the Ball valve 
D. Turn off the vacuum pump 
E. Measure the pressure change in time for at least 15 hours 

 
Date: 9. 12. 2015 and 5. 4. 2016 
Measurement number: 05 
 
Configuration of the test facility: 
Specimen: Dummy 2 – I. generation 
 
Setups: 

Pressure required = 120 Pa  
Indicated pressure and displayed on ADC controller = 113 Pa 

 
Evaluation:  

Recalculation of temperatures: the average mistake of the temperature readings was involved 
as defined in Chapter 5.7. 
 

Results: 

The vacuum system worked preciously and the lowest possible pressure reached inside the 
HST chamber was 120 Pa. The chamber tightness in ambient conditions turned out to be 
exceptionally well, much better than predicted. The pressure change was only 900 Pa within 
22 hours (average gradient 41 Pa/hour) as can be observed in Figure 7.1. 
 
Comparison with predictions / new predeterminations: 
The chamber pressure control will be considered further as non-continuous flow thank to the 
extraordinary chamber tightness although in the first approach the system was designed for 
continuous CO2 flow during all test campaigns. The vacuum pump will not have to work 
continuously, after reaching 120 Pa the Ball valve will be closed and the pump shall be turned 
off. The increase of pressure would be low. 
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Figure 7.1: HST chamber test of tightness in ambient conditions. 

 
 

7.1.2 Create Mars atmosphere 

Test specification: 

Simulate the Mars atmosphere conditions inside the HST chamber. Fill the CO2 gas into 
vacuum environment and pump out the gas again. Re-run the cycle three times and set up the 
equivalent Mars conditions.  
 

Aim of the test: 

The aim was to approve the performance of the CO2 supply system, especially of the Leak 
valve and Reduction valve and to verify the recalculation between CO2 indicated and true 
pressure while the dependency is non-linear. The pressure control system was newly 
considered as non-continuous flow, the chamber will be enclosed after the last CO2 filling. 
Warning of a possible high concentration of CO2 gas is invalid further. 
 
Test description: 

If the chamber and all systems are in the right and expected conditions after the previous 
vacuum test, open the Leak valve and fill the CO2 gas into the HST chamber to reach the 
atmospheric pressure. Pump out the gas again, re-run the cycle three times and at the end 
create a CO2 pressure of 1000 Pa to mimic the Martian atmosphere.  

F. Turn on the vacuum pump 
G. Create a vacuum environment in the test chamber (p = 120 Pa) 
H. Fill in the CO2 (stop at pressure 100 000 Pa). 
I. Create a vacuum environment in the test chamber (p = 120 Pa). 
J. Fill in the CO2 (stop at pressure 100 000 Pa). 
K. Create a vacuum environment in the test chamber (p = 120 Pa). 
L. Create a required CO2 pressure environment (p = 1000 Pa). 
M. Turn off the vacuum pump. 
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The vacuum pump does not have to work continuously. The filling of an accurate CO2 gas 
amount into the vacuum environment is enabled by Leak valve. If the Leak valve is opened, 
the Ball valve is always closed and vice-versa. 
 
Date: 22. 12. 2015 
Measurement number: 03 
 
Configuration of the test facility: 
Specimen: Dummy 2 – I. generation 
Pressure environment in the chamber: 1000 Pa CO2 (mimic Mars atmosphere) 
 
Setups: 

Pressure required = 120 Pa; 1000 Pa, 100 000 Pa 
Indicated pressure and displayed on ADC controller = 113 Pa; 530 Pa; 1230 Pa 

 
Measurement incident:  

Wrong indication of temperatures: two-wire line configuration was used for thermocouples 
that caused a false temperature reading. Therefore the temperatures were not displayed in 
results. 
 
Evaluation:  

Recalculation of pressure indicated: defined in Chapter 5.4 
 

Results: 

 
Figure 7.2: Process of Martian atmosphere simulation. 

 
As can be seen in Figure 7.2, three pressure cycles were performed and the equivalent 
conditions to Martian atmosphere were simulated by roughly 950 Pa of CO2. The lowest 
possible pressure reached by the vacuum pump was two times 120 Pa. Only the low pressures 
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were shown in the Figure 7.2 while the range up to 100 000 Pa was too high to be displayed, 
the results would not be clear. 
 
Comparison with predictions / new predeterminations: 

The CO2 supply system worked as predicted without any problems to feed in the CO2 gas. 
Moreover the recalculation process of the pressure reading turned out to be well designed. 
 
 
 

7.1.3 Interface cooling without the Weight 

Test specification: 

Cool down the Hot and Cold Interface with liquid nitrogen to the extreme temperatures 
prescribed in the test specifications. Simultaneously pump out the CO2 gas to reach the lowest 
possible pressure and enclose the test chamber. Measure the pressure change over time in 
dependency of a cold chamber environment.   
 

Aim of the test: 

The aim was to approve the tightness of the chamber in low temperatures due to predicted 
sealing leakage at – 20 °C or below. The second aim was to verify the ability to reach 
extremely low temperatures close to the HI and CI by a heat transfer in both Heat transfer 
assemblies (especially the HI cooling throughout the copper Belts has to be tested). Moreover 
to approve the workability of braze joints in such a low temperatures (if they will crack or 
not) and to find out the temperature, when the CO2 gas will start to condensate (so called CO2 
icing). 
 
Test description: 

If the chamber and all systems are in the right and expected conditions after previous Mars 
atmosphere simulation test, pump out the CO2 gas again and keep the lowest possible 
pressure. Close the Ball valve to isolate the HST chamber.  Fill in the liquid nitrogen (LIN) 
into the HI and CI tanks and cool down both interfaces simultaneously to the prescribed 
extreme temperatures (at least HI: - 65 °C, CI: - 135 °C). Refill the tanks during cooling 
process if needed. Control the conditions inside the chamber under temperatures of - 110 °C 
in regard to predicted CO2 condensation. 
 

N. Fill the liquid nitrogen into CI and HI tanks. 

O. Cool down both interfaces (at least CI to - 135 °C, HI to - 65 °C). 
P. Pump out the gas and keep the lowest possible pressure. 

Q. Close the Ball valve and tighten the chamber. 

R. Turn off the vacuum pump. 
S. Measure the pressure change in time for at least 15 hours. 

 
Date: 21. 12. 2015 
Measurement number: 02 
 
Configuration of the test facility: 
Specimen: Dummy 2 – I. generation 
Pressure environment in the chamber: 120 Pa CO2 at the beginning 
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Setups: 

Pressure required = 120 Pa 
Indicated pressure and displayed on ADC controller = 113 Pa 

 
Measurement incident:  

Wrong indication of temperatures: two-wire line configuration was used for thermocouples 
that caused a false temperature reading. 
 
Evaluation:  

- Recalculation of pressure indicated: as defined in Chapter 5.4. 
- Recalculation of measured temperatures into true values based on the resistance of 

wires that connected the DAS unit and thermocouples inside the chamber. 
 

Results: 
The Figure 7.3 shows that the temperatures of both interfaces were cooled below – 130 °C 
within one hour and then were slowly heated up by the ambient temperature and within 15 
hours the temperature was approximately 13 °C. The effect of cooling was more interesting 
considering the Hot Interface assembly, the heat transfer performance of the copper Belts had 
to be tested and turned out to be sufficient enough to cool down the HI to extremely low 
temperatures. The pressure drop of CO2 gas in such a low temperatures was only 50 Pa (from 
150 Pa to 100 Pa), much less than predicted. The pressure then ran to 470 Pa within 15 hours 
(the average gradient 24.7 Pa/hour, the half of the pressure gradient measured during the 
chamber tightness test in Chapter 7.1.1). 
 

 
Figure 7.3: Interface cooling to extreme temperatures and HST chamber tightness in low 

temperatures. 
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Comparison with predictions / new predeterminations: 

Due to the wrong temperature indication, the need for three-wire line configuration for 
thermocouples turned out to be necessary for next measurements. It was not confirmed 
evidently enough during this test of chamber tightness in low temperatures, but due to the 
measurements made on 9 December 2015 CO2 starts to condensate bellow -110 °C and the 
significant pressure drop occurs. The decision was made and confirmed by ESA and Aero 
Sekur representatives to limit the lowest possible temperatures to – 110 °C for all the 
following tests. 
 The HST chamber tightness in low temperatures turned out to be well and followed 
good tightness test results made in ambient conditions. The chamber wall temperatures did 
not drop below 5 °C and the worries about the sealing tightness in temperatures far below 
0 °C turned out to be irrelevant; the thermal and pressure insulation of the test chamber was 
designed efficiently. Even the pressure growth in low temperatures was two times smaller and 
thus the effect of the inner gas atmosphere and influence of the pressure gauge reading will 
have to be determined in the later tests. 
 No troubles were detected with the workability of braze joints in such a low 
temperatures. 
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7.2 Validation of the test facility configuration 

Validation of the test chamber configuration was initially considered as MHS Validation tests 
(Chapter 8) to approve the predictions and set-ups for all supply systems. MHS Validation 
tests were divided into three blocks tracing the required test blocks for final Qualification 
tests. However some incidents and unexpected contingencies appeared (e.g. unpredictable 
behaviour of the inner pressure environment during different test conditions) and thus the tests 
further focus on unveiling of the possible troubles in facility and measurement behaviour and 
its mutual influence. 
 Purpose of the test facility configuration verification is to find out the test conditions 
and potential problems in order to improve proposed BB and EQM test blocks. Moreover to 
identify the required set-ups and measurement influences to enable reliable and highly 
accurate data evaluation. In addition, these tests are essential for appropriate set-up of the 
temperature Controllers. 
 
 

7.2.1 MHS Validation tests - Block 3 

Test specification: 

Each block of MHS Validation tests describes the procedure of the specific experiment. The 
Block 3 is supposed to determine properties of the whole HST chamber assembly simulating 
the dial cycle on Mars. Different temperature cycles will be performed on the Hot and Cold 
Interfaces. This validation test is shorter than the test required for EQM Qualification testing. 
The Dummy specimen will have to be exchanged during the cycle. The Block 3 may be 
performed after all parts of the chamber will have the state of thermal equilibrium with the 
ambient lab temperature. 
Note: The planned CI temperature cycle will be lowermost -110 °C. 
 

Aim of the test: 

Its purpose is to confirm predictions about the test facility set-ups and properties with respect 
to the test Block 3 arrangement. In addition to verify the possibility of a temperature control 
and procedure of data post-processing while simulating the dial cycle on Mars. 
 Moreover to investigate temperature gradients on the Heat transfer assemblies close to 
tanks with liquid nitrogen where the CO2 solidification could appear because of lower 
temperatures than – 110 °C. 
 

Test description: 

Perform the test cycles on both Interfaces simultaneously as shown in Figure 7.4 and 
described below in proposed test sequence. The specimen – Dummy 1 will have to be 
exchanged during the prescribed test for the Dummy 2 with higher conductance (with respect 
of the MHS conductance change at HI temperature 20 °C). The lowermost temperature for CI 
cycle will be -110 °C. 
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Figure 7.4: Graphic interpretation of MHS Validation test - Block 3: application of different 

temperature cycles on CI (– 110 °C to + 50 °C) and HI (– 55 °C to + 60 °C) within 8 hours. 
 
Proposed test sequence: 

- Creating CO2 environment: as described in Chapter 7.1.2, stop at pressure 800 Pa 
- Measurement: 

A. Start the Controller programs for both Interfaces (HI: Program 1, CI: Program 1). 
B. Fill in the LIN into both tanks and cool the HI down to - 55 °C and the CI to - 110 °C 

within 2 hours (HI gradient: - 37.5 °C/h, CI gradient: - 65 °C/h) 
C. Hold 1 hour at the bottom temperature.  
D. Perform the Hot and the Cold Interface temperature cycles simultaneously up to 20 °C 

for both Interfaces within 4 hours (HI gradient: 18.75 °C/h, CI gradient: 32.5 °C/h). 
- Dummy exchange: 

E. After reaching 20 °C: stop the DAS measurement and Controller programs. 
F. Open the Ball valve carefully to fill the air inside the chamber to reach the 

atmospheric pressure. 
G. Open the HST chamber and replace the Dummy 1 by Dummy 2 (as described in 

Chapter 4.10.2). 
- Creating CO2 environment: as described in Chapter 7.1.2, stop at pressure 800 Pa 
- Measurement: 

H. Start the DAS temperature measurement for both Interfaces. 
I. Start the Controller programs for both Interfaces (HI: Program 2, CI: Program 2). 
J. Perform the Hot and the Cold Interface temperature cycles simultaneously, HI up to 

60 °C and CI up to 50 °C within 2 hours (HI gradient: 20 °C/h, CI gradient: 15 °C/h). 
K. Keep the extreme temperature 1 hour and cool down the both Interfaces to + 20 °C (HI 

gradient: - 40 °C/h, CI gradient: - 30 °C/h). 
- The end of measurement (ambient environment): 

L. After reaching final temperatures: stop the DAS measurement and Controller 
programs. 

M. Open the Ball valve carefully to fill in the atmospheric pressure. 
N. Evaluate the measured data. 

 
 
Date: 11. 4. and 12. 4. 2016 
Measurement number: 09 & 10 
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Configuration of the test facility: 
Specimen: Dummy 1 (0.066 W.K-1) and Dummy 2 (0.937 W.K-1) – I. generation 
Pressure environment in the chamber: 800 ÷ 1000 Pa CO2 (mimic Mars atmosphere)  
Chamber design: Version 2 – Advanced 

- Weight     Yes 
- Additional copper plates:  Yes 
- Graphite foils:    No 
- Copper Belts:    Yes 

 
Supply systems: 

- Pirani gauge:     Top vertical position 
- Number of probes recorded:   8 
- Regulators: HI:   ON 

   CI:   ON 
- Position of temperature probes: 

 (filled ~ recorded; crossed ~ input for Controllers) 
 Note 2: On request of ESA two additional thermocouples 
 were installed on the cold linking Rod (between liquid 
 nitrogen tank and switch support plate). However two 
 other installed probes in copper plates have to be 
 disconnected because of limited amount of signals going 
 out of the chamber through the vacuum-feed throughs. 
 
 
Setups: 

Pressure required = 100 Pa, 800 Pa, 1000 Pa, 100 000 Pa  
Indicated pressure and displayed on ADC controller = 113 Pa, 460 Pa, 530 Pa, 1230 Pa 

Set-up of DC power supplies: 72 W (24 VDC, 3 A) 
Regulation programmes:  
 

CI: HI: 

Program 1: Program 1: 

StEP tYPE EnSP tIME rAtE Ent StEP tYPE EnSP tIME rAtE Ent 

1 rAtE - 110 - 65 OFF 1 rAtE - 55 - 37.5 OFF 

2 SoAK - 1 - OFF 2 SoAK - 1 - OFF 

3 rAtE 20 - 32.5 OFF 3 rAtE 20 - 18.75 OFF 

4 End - - - OFF 4 End - - - OFF 

Program 2: Program 2: 

StEP tYPE EnSP tIME rAtE Ent StEP tYPE EnSP tIME rAtE Ent 

1 rAtE 50 - 15 OFF 1 rAtE 60 - 20 OFF 

2 SoAK - 1 - OFF 2 SoAK - 1 - OFF 

3 rAtE 20 - 30 OFF 3 rAtE 20 - 40 OFF 

4 End - - - OFF 4 End - - - OFF 
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Measurement incident:  

- Automatic set-up of PID regulation parameters on 7. 4. 2016 (with set-up of 72 W 
power supply on both Interfaces) 

- Unpredictable pressure behaviour during the low-temperature cycle while heating both 
Interfaces. The pressure started to rise up very quickly. During the high-temperature 
cycle it was not possible to keep the constant pressure from unknown reasons. 

 
Evaluation:  

- Recalculation of pressure indicated: defined in Chapter 5.4. 

- Recalculation of temperatures: the average mistakes of the temperature readings were 
involved - defined in Chapter 5.7. Only the average values from one line of 
thermocouples were used for post-processing and displayed in charts.  

 

Results: 

 
Figure 7.5: MHS Validation test - Block 3. 

 

The Cold and Hot Interfaces were cooled down as prescribed and then heated up again. After 
the Dummy exchange the cycle was performed successfully further without any troubles with 
temperature control or measurement. 
 The Mars atmosphere was simulated by reaching the CO2 pressure of 800 Pa and after 
the primary pressure drop caused by CO2 solidification close to the areas with extremely low 
temperatures, the pressure started to rise very quickly up to 1450 Pa within 1.5 hours. The 
next day during the second part of the cycle it was not almost possible to keep the constant 
pressure which grew very quickly, while both Interfaces were simultaneously heated. 
However after cooling down of both Interfaces to ambient temperature the pressure stabilized 
and started to keep constant value of roughly 800 Pa.  
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Comparison with predictions / new predeterminations: 
The unpredictable behaviour of the pressure during the test cycle and its stabilization at the 
end after cooling meant, that the pressure change could not be caused by the HST chamber 
untightness or wrong position of the Leak valve or Ball valve. It had to be caused by a wrong 
indication of the Pirani gauge. Therefore next measurements had to be designed to determine 
the influence of the pressure gauge location and the influence of the pressure environment 
heat exchange in general (the heat exchange convection and conduction between chamber 
walls and specimen, respectively Heat transfer assemblies as well). 
 
 
 

7.2.2 Influence of graphite foils and location of Pirani gauge 

Test specification: 

Perform one measurement in two different configurations. The first temperature cycle will be 
measured without graphite foils on the contact surfaces of additional copper plates and with 
Pirani gauge in top vertical position. The second cycle will include the graphite foils and 
Pirani gauge in lower horizontal position. Between these two measurements, the test of the 
chamber tightness will be performed again with the Pirani gauge in lower position to measure 
the pressure change in time. At the end it would be possible to compare the results with 
previous measurements of the chamber tightness. 
 
Aim of the test: 

The two different measurements of one temperature cycle will be performed. Comparing of 
the results should answer the question if the graphite foils will enable better heat transfer 
between contact surfaces or not. The graphite has extraordinary thermal conductivity and an 
appropriate property to fill in the gaps between the copper surfaces intended for heat transfer. 
Although it could possibly cause a thermal contact resistance because of one more layer (two 
contact surfaces) will be theoretically added. 
 As was described in results of previous chamber measurements (Chapter 7.1.3 
Interface cooling without the Weight and Chapter 7.2.1 MHS Validation tests - Block 3) the 
Pirani gauge pressure indication is sometimes wrong, or at least has unpredictable behaviour. 
Two different reasons are considered: 

- While heating the Interfaces, the heated gas ballooned up directly to the Pirani gauge 
placed in top vertical position. The pressure indication is based on the hot-wire element 
technology and determine the level of heat leakage that is direct dependent on the 
surrounding gas conductivity and thus its pressure. This could cause a wrong indication 
if the gas was previously heated and have a different conductivity. 

- The other aspect of the wrong indication could be caused by the difference between the 
nitrogen (air) and CO2 pressure reading. The measured data after each test are 
recalculated to true pressure values, while the indicated and displayed pressures differ. 
During long lasting tests, the environment inside the chamber is enclosed and the inner 
pressure rises only due to an air coming inside through the chamber walls and leaks. 
The effect of the gas mixture could be much more important when consider the density 
of different gases, CO2 is heavier than the air and settle down inside the chamber and 
vice-versa the air balloon up. Then the Pirani gauge would indicate the air pressure 
(true pressure without the need for data recalculation) or pressure of the mixture which 
could have the CO2 to air ration 1:9 within 20 hours. 

The aim of this test is to find out the answer to these statements while placing the Pirani 
gauge in low horizontal position on the chamber and thus both influences should be limited. 
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Test description: 

Perform the temperature cycle as shown in Figure 7.6 two times, with and without the 
graphite foils. Heat up the Hot Interface by application of 72 W to 60 °C within 10 minutes 
and hold the constant temperature 3 hours. Let the CI warm up freely by the heat transfer 
through the specimen and after that Cool down both Interfaces. Based on the temperature 
difference determine the influence of the graphite foils. 
 

 
Figure 7.6: HI temperature cycle for the heat transfer and pressure verification.  

 
After the chamber modification (Pirani gauge replaced downwards under the vacuum feed-
throughs, Ball valve replaced up to the Flange 125 next to the Leak valve) pump out the air 
from the chamber and perform the HST chamber test of tightness for at least 15 hours. 
Compare the results with the similar from previous measurements and indentify the influence 
of the Pirani gauge location. 
 
 
Date: 13. 4. and 14. 4. 2016 
Measurement number: 12 & 13 & 14 
 

 

Configuration of the test facility: 
Specimen: Dummy 2 – I. generation 
Pressure environment in the chamber: 800 ÷ 1000 Pa CO2 (mimic Mars atmosphere)  
Chamber design: Version 2 – Advanced 

- Weight     Yes 
- Additional copper plates:  Yes 
- Graphite foils:    

  Measurement 12  No 
  Measurement 13&14  Yes 

- Copper Belts:    Yes 
Supply systems: 

- Pirani gauge:     
  Measurement 12  Top vertical position 
  Measurement 13&14  Low horizontal position 

- Number of probes recorded:   8 
- Regulators: HI:   ON 

   CI:   OFF 
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- Position of temperature probes: 
 (filled ~ recorded; crossed ~ input for Controllers) 
 Note 2: On request of ESA two additional thermocouples 
 were installed on the cold linking Rod (between liquid 
 nitrogen tank and switch support plate). However two 
 other installed probes in copper plates have to be 
 disconnected because of limited amount of signals going 
 out of the chamber through the vacuum-feed throughs. 
 
 
Setups: 

Pressure required = 100 Pa, 800 Pa, 1000 Pa, 100 000 Pa  
Indicated pressure and displayed on ADC controller = 113 Pa, 460 Pa, 530 Pa, 1230 Pa 

Set-up of DC power supplies: 72 W (24 VDC, 3 A)  
Regulation programmes:  

HI: 

Program 3: 

StEP tYPE EnSP tIME rAtE Ent 

1 rAtE 60 - 240 OFF 

2 SoAK - 3 - OFF 

3 rAtE 20 - 120 OFF 

4 End - - - OFF 

 
 
Evaluation:  

- Recalculation of pressure indicated: defined in Chapter 5.4. 

- Recalculation of temperatures: the average mistakes of the temperature readings were 
involved – as defined in Chapter 5.7. Only the average values from one line of 
thermocouples were used for post-processing and displayed in charts. 

 

 

Results: 
The comparison of the temperature cycle in two different chamber configurations can be 
observed in Figure 7.7. As can be seen, the measured pressure difference with Pirani gauge in 
two locations was almost the same in both tests and thus no conclusion might be defined. But 
the measured temperatures differed.  
 The power of 72 W was applied on the Hot Interface and thus the heat could spread 
into two heat transfer paths, to the copper Belts and downwards through the Dummy assembly 
(consisting of the specimen and copper plates). The temperature differences were generally 
low (approx. 0.5 °C) except the TH9 temperature measured on the HI Rod behind the copper 
Belts on the heat path. After 3 hours of constant temperature at HI, the TH9 temperature 
difference was roughly 2 °C. This value was significant enough to approve the advantage of 
the graphite foils to create better contact conditions for heat transfer through the copper plates 
and specimen. In the other case the heat was transferred mainly throughout the copper Belts 
and thus the temperature TH9 was higher. The temperatures TC2-7, TC1,8 and TC9 were 
very similar in both tests although always higher in the measurement with the graphite foils 
indicating better heat transfer throughout the specimen. Nevertheless the temperature contrast 
might not be higher due to the predicted heat dissipation.  
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Figure 7.7: Graphite foils heat transfer influence verification (Measurement12: configuration 

without graphite foils, Measurement14: chamber configuration with graphite foils). 
 

 
Figure 7.8: The pressure reading comparison due to the different inner conditions and Pirani 

gauge location (p05 – Pirani in top position, ambient temperature; p02 - Pirani in top 

position, cold inner environment; p13 - Pirani in low position, ambient temperature). 
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After the change of Pirani gauge location, the chamber tightness was measured again. One 
can see in the Figure 7.8, that the gauge had the best pressure indication in low horizontal 
position of the measurement 13. It is predicted, that the tightness of the chamber was always 
the same and thus the difference between the pressure readings in measurement p05 and p13 
was caused only by the false pressure indication in the case of p05 measurement with Pirani 
gauge in top vertical position.  
 The pressure change in time was now extremely low, roughly 280 Pa within 
16.5 hours. The average pressure gradient was 17 Pa/hour, compared to the gradient of 
average 41 Pa/hour in measurement 05. The pressure change in measurement 02 was in 
between however the influence of the CO2 solidification in extremely low temperatures and 
thermal changes played a significant role in the pressure indication. 
 
Comparison with predictions / new predeterminations: 
The graphite foils turned out to be useful for better heat transfer as predicted however no 
exact value of this performance could be measured or determined. 
 The position of the Pirani gauge was determined as the most suitable in low horizontal 
position, since the influences causing false pressure reading are limited. This location will be 
essential for all further tests. 
 The power heat load applied to the HI had two different heat transfer paths. This could 
be a problem for Block 1 and 2 of the MHS Validation tests since the heat transferred through 
the specimen has to be determined to enable later the evaluation of the MHS conductance. 
Copper Belts might be excluded for this type of tests. This has to be considered and tested 
further. 
 Several tests with the heat load application were performed, no exact values were 
calculated yet, but the measured temperature differences on sides of the specimen look to be 
too high. The modular design of the Dummy I. generation might have a high thermal contact 
resistance between the components and thus the calculated and designed conductance of the 
specimen intended for Validation tests would be wrong. This aspect has to be further 
considered carefully.  
 
 
 

7.2.3 Validation of heat leakage pressure effect  

Test specification: 

Perform two similar tests only with the pressure difference of inner CO2 environment to 
determine the effect of the surrounding gas on the heat exchange with ambient conditions 
outside of the HST chamber. Apply the maximum heat of 10 W (as prescribed for Block 1 
and 2 of MHS Validation tests) to the Hot Interface and let the Cold Interface warm up freely 
by the heat transfer through the specimen assembly. The copper Belts were excluded and thus 
the heat leakage can be only throughout the surrounding gas. 
 

Aim of the test: 

How significant is the effect of the CO2 environment inside of the test chamber on the heat 
leakages caused by the conduction and convection in such a low pressures of only 1000 Pa 
and below? It was initially predicted, that the heat transfer shall be low, will be? The factors 
having an effect on the heat transferred through the specimen assembly were important to be 
determined for later specimen conductivity evaluation. 
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Test description: 

In two different measurements, create the pressure of 100 Pa CO2 and simulated Martian 
conditions of 800 ÷ 1000 Pa CO2. Apply the power of 10 W on the HI and let the Cold 
Interface war up by the heat transfer through the specimen assembly. The temperature of the 
HI cannot exceed + 60 °C because of a temperature limit of the glue used for thermocouples 
fastening. After that, let the system cool down freely without any intervention. Evaluate and 
compare the results of different CO2 pressure effects.  
 
Date: 15. 4. 2016 and 18. 4. 2016 
Measurement number: 15 & 16 
 

 

Configuration of the test facility: 
Specimen: Dummy 2 – I. generation 
Pressure environment in the chamber:  
  Measurement 15  800 ÷ 1000 Pa CO2 (mimic Mars atmosphere) 
  Measurement 16  100 Pa CO2 
Chamber design: Version 2 - Advanced 

- Weight     Yes 

- Additional copper plates:  Yes 

- Graphite foils:    Yes 

- Copper Belts:    No 

Supply systems: 
- Pirani gauge:     Low horizontal position 

- Number of probes recorded:   8 

- Regulators: HI:   ON 

   CI:   OFF 
- Position of temperature probes:  

 (filled ~ recorded; crossed ~ input for Controllers) 
 
 
Setups: 

Pressure required = 100 Pa, 800 Pa, 1000 Pa, 100 000 Pa  
Indicated pressure and displayed on ADC controller = 113 Pa, 460 Pa, 530 Pa, 1230 Pa 

Set-up of DC power supplies: HI: 10 W (8.94 VDC, 1.12 A)  
 
 
Measurement incident:  

- Automatic set-up of PID regulation parameters on 15. 4. 2016 (with set point of 10 W 
power supply on Hot Interface) 

- The temperature differences are much higher than predicted for measurements with the 
Dummy 2 of 0.937 W.K-1 conductance. 

 
 
Evaluation:  

- Recalculation of pressure indicated: defined in Chapter 5.4. 

- Recalculation of temperatures: the average mistakes of the temperature readings were 
involved - defined in Chapter 5.7. Only the average values from one line of 
thermocouples were used for post-processing and displayed in charts. 
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Results: 
The temperature curves are displayed in the Figure 7.9. The heating of the Hot Interface was 
faster in the Measurement 16 with the pressure only 100 Pa of CO2. This meant that the heat 
leakages caused by the surrounding gas were lower than in the Measurement 15 with the 
pressure varying within the range of 800 to 1100 Pa. The significant temperature differences 
can be observed only close to the heating source - resistors i.e. the average temperatures 
TH1,8 and TH2-7. The heat transfer throughout the Dummy specimen was low and thus the 
heat dissipation played a major role on CI temperatures.  
 

 
Figure 7.9: Graphic comparison of the CO2 pressure effect on the heat transfer and leakages 

(Measurement 15 – 1000 Pa, simulating Mars conditions; Measurement 16 – 100 Pa of CO2). 

 
Comparison with predictions / new predeterminations: 
The value of pressure turned out to have a significant influence on the heat leakages and could 
cause problems with future data evaluation while applying different heat loads as prescribed 
in Block 1 and 2 of the defined MHS Validation tests. However the level of effect on the heat 
leakages depending on the exact pressure inside the test chamber cannot be calculated as a 
value or parameter, it will be better to perform the defined tests with prescribed heat loads 
within the lowest possible pressure. As stated in Meeting report 15-GB-010 [4]: this will be a 
worse case for the off conductance measurement but an optimistic case for the maximum 
conductance of the switch. 
 The temperature differences between both Interfaces were extremely high. The 
Dummy 2 simulating the closed position of MHS actuator with designed conductance of 
0.937 W.K-1 should create a temperature difference on both Interfaces of roughly 11 °C when 
consider the heat load of 10 W. But the measured range was around 30 °C in both 
measurements independently on the pressure value. The problem could be the thermal contact 
resistances between the components of the Dummy I. generation modular design. This will 
have to be determined and tested again in the next measurement. 
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7.2.4 Verification of conductance evaluation 

Test specification: 

The copper Belts were excluded, the Pirani gauge was placed in low horizontal position and 
the simulated CO2 atmosphere has to have the lowest possible pressure. These influences 
were determined in the previous measurements to enable the appropriate conductance 
evaluation within the highest possible accuracy. Apply a different heat loads on the Hot 
Interface of 1 W and 4 W and keep the CI temperature constant at + 30 °C. The HI 
temperature will reach a constant temperature as well. Evaluate the thermal conductance of 
the specimen. 
 

 

Aim of the test: 

The aim of the test is to verify the process of heat load measurement and data post-processing. 
The possible problems of this important type of measurements have to be found out and 
determined, since the previous measurement showed that some troubles could occur with 
unsuitable data and too high temperature differences. 
 
 
Test description: 

Heat up both Interfaces to + 30 °C and apply a heat of 1 W on the Hot Interface. Let the HI 
temperature fix at the constant value for at least 30 minutes while simultaneously hold the 
constant temperature of 30 °C on the CI. 
 After that apply a power of 4 W on the HI and let the temperature fix at the constant 
value again for at least 30 minutes. Keep continuously the constant temperature on the CI. 
 Evaluate the specimen thermal conductance K [W.K-1]. 
 
 
Date: 20. 4. 2016 
Measurement number: 18 
 

 

Configuration of the test facility: 
Specimen: Dummy 2 – I. generation 
Pressure environment in the chamber: 100 Pa CO2 (or lowest possible pressure) 
Chamber design: Version 2 - Advanced 

- Weight     Yes 

- Additional copper plates:  Yes 

- Graphite foils:    Yes 

- Copper Belts:    No 

Supply systems: 
- Pirani gauge:     Low horizontal position 

- Number of probes recorded:   8 

- Regulators: HI:   ON 

   CI:   ON 
- Position of temperature probes:  

 (filled ~ recorded; crossed ~ input for Controllers) 
 
 
 



 
 
 

105 
 

Qualification test of heat switch for Martian conditions 

Setups: 

Pressure required = 100 Pa, 100 000 Pa  
Indicated pressure and displayed on ADC controller = 113 Pa, 1230 Pa 

Set-up of DC power supplies:  HI: 1 W (2.83 VDC, 0.35 A) 
      HI: 4 W (5.66 VDC, 0.71 A) 
 
Evaluation:  

- Recalculation of pressure indicated (as defined in Chapter 5.4) 

- Recalculation of temperatures (the average mistakes of the temperature readings were 
involved - defined in Chapter 5.7). Only the average values from one line of 
thermocouples were used for post-processing and displayed in charts. 

Evaluation of the thermal conductance: 
Specimen conductance K [W.K-1] will be calculated from temperature difference on Hot 
Interface and Cold Interface  

K = Q/ΔT, 
 

where ΔT [K] is measured, and Q [W] is the heat applied on HI and will be determined from 
current I [A] and voltage U [V] values. 

Q = I*U 
 

Results: 

Following the designed evaluation process, the temperature differences were determined from 
the Figure 7.10 and thus the conductance of the specimen was calculated, as can be seen in the 
Table 7.1. 
 

Table 7.1: Evaluated and predicted specimen conductance (CI: 30 °C; HI: 1 W and 4 W). 
30 °C on CI 

Qteor. Qreal. ΔT Kpredicted Kcalculated 

[W] [W] [K] [W.K
-1

] [W.K
-1

] 

1 0,948 2,1 0,937 0,451 

4 3,792 13,8 0,937 0,275 

 
The calculated conductance was even 3.4 times lower than the predicted when applied 4 W on 
the Hot Interface (the predicted conductance was specially designed for the Dummy – I. 
generation specimen). The Dummy – I. generation specimens therefore had to have a different 
lower conductance possibly caused by the modular design. And thus they are unsuitable for 
all next conductance measurements. 
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Figure 7.10: Graphic interpretation of measured temperatures; left side - application of 1 W, 

right side - application of 4 W. 
 
Comparison with predictions / new predeterminations: 
In several previous verification tests the problem with too high temperature differences on 
both sides of the specimen appeared and was recently definitely confirmed. The Dummy – I. 
generation design turned out to be unsuitable for measurements with application of prescribed 
heat loads and specimen conductivity evaluation. The thermal contact resistance between the 
surfaces could cause the problem even with the use of graphite foils and the Weight above the 
HI for higher contact pressure conditions. 
 For next operations, one more additional copper plate will be used as a specimen for 
the heat transfer verification tests to design the data evaluation procedure. This material was 
chosen while the pure copper has predictable high conductivity which varies slightly in the 
defined temperature range of – 15 ° to + 30 °C (λ = 400 ± 2.5 W.m-1.K-1, T = 283 K). 
 However the new Dummy specimens had to be designed and manufactured further.  
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7.3 Thermal contact resistance identification 

After successful validation of the test facility configuration, the initial test blocks as defined in 
Chapters 3.5.1 and 3.5.2 come into interest to design a measuring procedure and post-
processing.  
 In order to validate the application of heat loads and process of the conductance K 
[W.K-1] evaluation, the additional copper plate will be used as a specimen due to its well 
known conductivity. The Dummy I. generation specimens unfortunately turned out to be 
unsuitable for next measurements. 
 
Test specification: 

The simulation of initially prescribed Block 1 will be performed with an application of Hot 
Interface heat loads (4 W, 7 W and 10 W) and predefined constant temperatures on the Cold 
Interface. The test block may be performed after all parts of the chamber will have the state of 
thermal equilibrium with the ambient lab temperature. 
 

Aim of the test: 

This test is a first approach to determine the way to evaluate the specimen conductance 
K [W.K-1] with a sufficient accuracy. This test cycle is therefore not the MHS Validation test, 
but will serve as the initial proof to find out some relating problems, if any, until the new 
Dummy specimens will be manufactured.  
 
Test description: 

Perform the test plan displayed in the Figure 7.11. In each sub-group keep the constant 
temperatures of – 15 °C, 0 °C, + 15 °C and + 30 °C on the Cold Interface and apply step by 
step a heat load of 4 W, 7 W and 10 W on the Hot  Interface. Measure the steady state 
temperatures for at least 1.5 hours due to a quality of the regulation and then change the 
power supply again. 

 

 
Figure 7.11: Simulation of the MHS Validation test Block 1 with application of 4 W, 7 W and 

10 W on the Hot Interface. 

 
 
Date: 22. 4. 2016 – 28. 4. 2016 
Measurement number: 20 - 24 
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Configuration of the test facility: 
Specimen: Copper plate 
Pressure environment in the chamber: 100 Pa CO2 (or lowest possible pressure  
Chamber design: Version 2 - Advanced 

- Weight     Yes 

- Additional copper plates:  Yes 

- Graphite foils:    Yes 

- Copper Belts:    No 

Supply systems: 
- Pirani gauge:     Low horizontal position 

- Number of probes recorded:   8 

- Regulators: HI:   ON 

   CI:   ON 
- Position of temperature probes: 

 (filled ~ recorded; crossed ~ input for Controllers) 
 
 
Setups: 

Pressure required = 100 Pa, 100 000 Pa  
Indicated pressure and displayed on ADC controller = 113 Pa, 1230 Pa 

Set-up of DC power supplies: HI power application 
 
Table 7.2: Set-up of the HI power supply – U and Iteor. (the real power added to the resistors 

slightly differed from the theoretically calculated power) 

Qteor. U Iteor. Ireal. Qreal. 

[W] [VDC] [A] [A] [W] 

4 5.66 0.71 0.67 3.79 

7 7.48 0.94 0.89 6.66 

10 8.94 1.12 1.07 9.52 

 
 

Measurement identification: 

Measurement 20:  CI: + 30 °C  HI: 4, 7, 10 W 
Measurement 21 + 22: CI: + 15 °C HI: 4, 7, 10 W 
Measurement 24:   CI:  0°C HI: 4, 7, 10 W 
Measurement 23:  CI: – 15 °C  HI: 4, 7, 10 W 
 
 
Measurement incident:  

- The temperature differences are still too high with respect to the copper conductance. 

 
 
Evaluation:  

The evaluation of measured data and whole post-processing procedure is described in the 
following Chapter 7.4. The process turned out to be more complicated and thus is stated 
separately. Only a basic initially predicted approach of evaluation is stated further:  

- Recalculation of pressure indicated: defined in Chapter 5.4. 
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- Recalculation of temperatures: the average mistakes of the temperature readings were 
involved - defined in Chapter 5.7. Only the average values from one line of 
thermocouples were used for post-processing and displayed in charts. 

 
Evaluation of the thermal conductance: 
Specimen conductance K [W.K-1] will be calculated from temperature difference on Hot 
Interface and Cold Interface  

K = Q/ΔT, 
 

where ΔT [K] is measured, and Q [W] is the heat applied on HI and will be determined  from 
current I [A] and voltage U [V] values. 

Q = I*U 
 
The temperature differences are: 

ΔT1 = TH1,8 – TH2-7 
ΔT2 = TH2-7 – TC2-7 
ΔT3 = TC2-7 – TC1,8 

 

 

Results: 

The steady state temperatures were recorded in all the measurements and displayed in charts 
to enable the calculation of the temperature differences. The presentation of measured data 
can be seen in Figure 7.12, showing the example of recorded temperatures during 
Measurement 24 (0 °C on CI). The temperature differences of this measurement were then 
displayed in the Figure 7.13. Similar charts were displays also from the other test blocks, the 
presented figures serve as an example of post-processing.   
 The average values of temperature differences were used to calculate the specimen 
conductance K as can be observed in the Table 7.3. The influence of theoretical and real 
power supply was included. All the additional copper plates (i.e. three copper plates above 
each other, the middle as the specimen) should have the same calculated conductance since 
they had the same dimensions and the heat applied was also the same.  
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Figure 7.12: Measurement 24: Steady state temperatures with application of 4 W, 7 W and 

10 W on the Hot Interface, the CI temperature constant at 0 °C. 
 
 

 
Figure 7.13: Measurement 24: Steady state temperature differences in the specimen assembly 

with application of 4 W, 7 W and 10 W on the HI, the CI temperature constant at 0 °C. 
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Table 7.3: Evaluation of specimen conductance from measured temperature differences and 

heat applied to the HI. 

Measur. 

Measurement conditions Measured and evaluated parameters 

T4 Qteor. U Ireal. Qin-real. ΔT1 ΔT2 ΔT3 K1 K2 K3 

[°C] [W] [V] [A] [W] [°C] [°C] [°C] [W.K
-1

] [W.K
-1

] [W.K
-1

] 

20 

30 4 5,66 0,67 3,79 1,84 1,54 1,30 2,06 1,19 1,18 

30 7 7,48 0,89 6,66 3,18 2,81 2,34 2,09 1,13 1,20 

30 10 8,94 1,07 9,52 4,60 4,14 3,39 2,07 1,11 1,22 

21+22 

15 4 5,66 0,67 3,79 1,99 1,63 1,38 1,91 1,22 1,18 

15 7 7,48 0,89 6,66 3,54 2,95 2,52 1,88 1,20 1,17 

15 10 9,00 1,10 9,90 5,06 4,42 3,75 1,96 1,14 1,18 

24 

0 4 5,80 0,69 4,00 2,36 1,96 1,75 1,70 1,20 1,12 

0 7 7,60 0,92 6,99 3,89 3,28 2,88 1,80 1,18 1,14 

0 10 1,10 9,00 9,90 5,29 4,54 4,06 1,87 1,16 1,12 

23 

-15 4 5,80 0,69 4,00 2,74 2,31 2,11 1,46 1,19 1,09 

-15 7 7,40 0,91 6,73 4,36 3,63 3,30 1,54 1,20 1,10 

-15 10 9,00 1,10 9,90 6,07 5,01 4,49 1,63 1,21 1,12 

 
Comparison with predictions / new predeterminations: 
Copper plates had the theoretical conductance of 123.5 W.K-1 however the measured and 
calculated values were roughly 1.2 W.K-1. The only feasible reason of this fact could be the 
effect of the thermal contact resistances between the contact surfaces of all copper 
components and graphite foils placed in between.  
 Results from all the previous measurements confirmed the Dummy I. generation 
thermal contact resistance, but it took part only partially in the whole effect. Therefore the 
thermal resistances have to be determined further to enable the post-processing in later tests to 
calculate the correct specimen conductance. The thermal contact resistances will be defined in 
the next Chapter 7.4.  
 Moreover all three additional copper plates should have the same calculated 
conductance independently on the thermal resistances, since they had the same dimensions 
and the heat applied was also the same. But they differed significantly. The heat leakages to 
the surrounding atmosphere of CO2 gas could cause this calculated conductance differences. 
The influence of heat exchange between the inner gas environment and the heat loaded copper 
parts have to be determined as well in the Chapter 7.4. 
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7.4  Procedure of thermal resistance evaluation 

The evaluation of thermal contact resistance is described in this chapter. This phenomenon 
appeared in results of several calibration tests and was finally identified in the conductance 
evaluation procedure of the latest measurements. The tests were performed with the copper 
plate as the specimen, application of different heat loads on HI and four prescribed constant 
temperatures on CI. 
 
 
A. Recalculation of temperatures:  
The temperatures displayed by the DAS unit ESAM Traveller slightly differ in the steady 
state ambient temperature. Therefore many measurements were made to evaluate the average 
error of each temperature reading. The thermocouples are highly accurate sensors however the 
DAS unit can cause inaccuracy in signal reading.  
 The average errors from one line of thermocouples were only involved in temperature 
post-processing and displayed in charts. An example of the recalculated temperatures can be 
observed in Figure 7.14 showing the test results with the Cold Interface temperature constant 
at – 15 °C. 

Table 7.4: Average temperature reading errors. 

ΔTH2-7 ΔTH1,8 ΔTC2-7 ΔTC1,8 

[°C] [°C] [°C] [°C] 
-0,05 0,04 0,03 -0,03 

 

 
Figure 7.14: Measurement 23: Steady state temperatures with application of 4 W, 7 W and 

10 W on the Hot Interface, the CI temperature constant at - 15 °C. 
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B. The temperature differences: 
The temperature differences (as shown in Figure 7.16) between the average temperatures 
determined in each line of thermocouples were calculated and displayed in charts. An 
example of temperature differences visualization can be seen in Figure 7.14 showing the 
worth temperature differences results of all measurements caused by intensive Cold Interface 
cooling down to a constant temperature of – 15 °C.  
 The temperature differences are: 

ΔT1 = TH1,8 – TH2-7 
ΔT2 = TH2-7 – TC2-7 
ΔT3 = TC2-7 – TC1,8 

 
The average values of temperature differences ΔT1, ΔT2 and ΔT3 were determined for each 
constant CI temperature and heat power from charts similar to the Figure 7.15. All the values 
of temperature differences can be seen in the Table 7.7. 
 

 
Figure 7.15: Measurement 23: Steady state temperature differences in the specimen assembly 

with application of 4 W, 7 W and 10 W on the HI, the CI temperature constant at 0 °C. 
 
 
 
C. Exact value of power Qin-real: 
Theoretically calculated power Qteor. [W] intended for set-up of the DC power supply and a 
real power Qin-real [W] fed to resistors differ. The real value of power necessary for specimen 
conductance evaluation will be determined from a measured current Ireal. [A] and voltage U 
[V]. 

Qin-real = Ireal.*U 
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D. Heat dissipation in the test assembly and calculated thermal conductance:  
The temperature differences between surfaces of all three copper plates shall have the same 
value since the additional copper plates have the same dimensions and thus the same thermal 
conductance (Kteor. = 123.5 W.K-1).  However the temperature ΔT1, ΔT2 and ΔT3 differ and 
decrease from the top copper plate to the bottom, as can be observed in Table 7.7. That was 
caused by the thermal losses in the heat transfer path throughout the plates. The input power 
for each copper plate was therefore calculated from real measured temperature difference.  
 The ΔT1 and ΔT3 temperatures should be in all measurements the same, since 
conductance of the copper plates is always the same. The power Q3 has to be therefore 
recalculated to give the same conductance of the layer (the value decreases due to predicted 
thermal losses). The heat Q2 transferred through the specimen then will be an average value 
of Q1 and Q3 (Q2 cannot be calculated from copper conductance since the specimen will be 
MHS in future tests).  

Q3 = Q1*(ΔT3/ ΔT1) 
Q2 = (Q1+Q3)/2 

 
Power Q1 will be determined in the next paragraph. 
 With the recalculated power inputs Q1, Q2 and Q3 the three copper plates have the 
same calculated conductance Kcal [W.K-1] in each measurement: 
 

Kcal = Qi  / ΔTi 

 

 
Figure 7.16: Heat dissipation and temperatures layout in the measuring section comprising 

the specimen (additional copper plate), two copper plates with thermocouples, four graphite 

foils on contact surfaces, CI and HI. 
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E. Heat exchange with inner gas environment: 
It is evident that the thermal exchange with the CO2 gas environment has to cause a 
significant heat losses or additional power input. The specimen assembly and Interfaces are 
generally heated or cooled to reach the prescribed temperatures. If the average temperature of 
the measuring equipment is lower than the ambient, the power is added to the system and 
vice-versa the higher temperature causes heat losses.  
Note: Consider the heat exchange of the whole assembly, not only of some components. Do 
not consider the changing temperature gradient along the heat transfer path and thus a 
variation of the heat exchange. This was considered and evaluated in previous paragraph D. 
 
To compensate the effect of the thermal exchange, a heat exchange coefficient “n” was 
considered to balance the calculated copper conductance in dependency on the CI constant 
temperature T4. Initial values of the heat exchange coefficient were estimated in the Table 
7.5. The improvement of the input power Q1 will affect also the Q2 and Q3 and is calculated 
as: 

Q1 = Qin-real. + n 
 

Table 7.5: Heat exchange coefficient “n” - the first approach to involve the heat exchange 

inside of the chamber 

T4 [°C] 30 15 0 - 15 

n [-] -0,2 0,1 0,6 1,4 

 
 
The heat exchange coefficient was designed with a respect to the physics. First of all, the 
behaviour of the thermal exchange is non-linear depending on the temperature. With a higher 
temperature differences (from ambient temperature 20 °C), the heat transfer speed increases 
faster and the heat exchange is mediated by the conduction as well as the convection. The 
second fact is that if the average temperature of the measuring system is higher than the 
ambient temperature, there are thermal losses, when is lower, the surrounding gas adds the 
power to the system. Therefore the coefficient is negative in temperatures above 20 °C to 
eliminate the power input. 
 The estimated values were of the heat exchange coefficient were displayed in Figure 
7.17. The regression equation was determined as:  
 

n = - 5*10-6 * T43 + 0.0007 * T42 – 0.0422 * T4 + 0.6 
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Figure 7.17: Heat exchange coefficient “n” in dependency of the CI constant temperature 

(T4). 
 
The heat exchange coefficient was then recalculated and added into evaluation procedure, as 
can be observed in the Table 7.6. 
 

Table 7.6: Heat exchange coefficient “n” 

T4 [°C] 30 20 15 0 -15 

n [-] -0,171 -0,004 0,108 0,600 1,407 

 
 
F. Evaluation of the thermal contact resistance conductance: 
The result of the prior procedure is the value of the conductance Kcal corrected due to the 
thermal losses and heat exchange. This calculated conductance consists of two parts: the 
copper plate conductance and thermal contact resistance conductance (i.e. conductance 
signifying the heat transfer from one contact surface to the other). The thermal contact 
resistance conductance Kres. [W.K-1] is calculated as:   
 

Kres. = 1 / (1/Kcal. – 1/Kteor.) 
 
The results of the evaluation procedure are shown in the Table 7.7. The average value from all 
results is then: Kres. = 2 W.K

-1
 ± 5 % error 
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Table 7.7: Thermal contact resistance conductance evaluation procedure 

 
 
 
Table 7.8: Process of specimen conductance evaluation 

Measurement conditions Measured and evaluated parameters 

T4 Qteor. U Ireal. Qin-real. ΔT1 ΔT2 ΔT3 n Q1 Q2 Q3 Kcal2 Kspecimen 

[°C] [W] [V] [A] [W] [°C] [°C] [°C] [-] [W] [W] [W] [W.K
-1

] [W.K
-1

] 

CI constant 
temperature  

HI heat 
load 

Measured 
parameters 

U*Ireal 
Determined from measured 

temperatures 
Calculation based 

on T4 
Qin + n (Q1+Q3)/2 Q1*(ΔT3/ΔT1) Q2/ΔT2 1/(1/Kcal2-1/Kres) 

    ± 1 % error   ± 0,5 % error (due to heat amount) Kres = 2 W.K-1 ± 5 % error 
 
 

Measur. 

Measurement conditions Measured and evaluated parameters 

T4 Qteor. U Ireal. Qin-real. ΔT1 ΔT2 ΔT3 n Q1 Q2 Q3 Kcal1 Kcal2 Kcal3 Kres1 Kres2 Kres3 

[°C] [W] [V] [A] [W] [°C] [°C] [°C] [-] [W] [W] [W] [W.K
-1

] [W.K
-1

] [W.K
-1

] [W.K
-1

] [W.K
-1

] [W.K
-1

] 

20 

30 4 5,66 0,67 3,79 1,84 1,54 1,30 

-0,171 

3,62 3,1 2,6 1,97 2,01 1,97 2,00 2,04 2,00 

30 7 7,48 0,89 6,66 3,18 2,81 2,34 6,49 5,6 4,8 2,04 2,00 2,04 2,07 2,04 2,07 

30 10 8,94 1,07 9,52 4,60 4,14 3,39 9,35 8,1 6,9 2,03 1,96 2,03 2,07 1,99 2,07 

21+22 

15 4 5,66 0,67 3,79 1,99 1,63 1,38 

0,107 

3,90 3,3 2,7 1,96 2,03 1,96 1,99 2,07 1,99 

15 7 7,48 0,89 6,66 3,54 2,95 2,52 6,76 5,8 4,8 1,91 1,96 1,91 1,94 1,99 1,94 

15 10 9,00 1,10 9,90 5,06 4,42 3,75 10,01 8,7 7,4 1,98 1,97 1,98 2,01 2,00 2,01 

24 

0 4 5,80 0,69 4,00 2,36 1,96 1,75 

0,6 

4,60 4,0 3,4 1,95 2,04 1,95 1,98 2,08 1,98 

0 7 7,60 0,92 6,99 3,89 3,28 2,88 7,59 6,6 5,6 1,95 2,01 1,95 1,99 2,05 1,99 

0 10 1,10 9,00 9,90 5,29 4,54 4,06 10,50 9,3 8,1 1,99 2,04 1,99 2,02 2,08 2,02 

23 

-15 4 5,80 0,69 4,00 2,74 2,31 2,11 

1,407 

5,41 4,8 4,2 1,97 2,07 1,97 2,00 2,11 2,00 

-15 7 7,40 0,91 6,73 4,36 3,63 3,30 8,14 7,1 6,1 1,87 1,97 1,87 1,89 2,00 1,89 

-15 10 9,00 1,10 9,90 6,07 5,01 4,49 11,31 9,8 8,4 1,86 1,96 1,86 1,89 1,99 1,89 
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7.5 Process of specimen conductance evaluation 

After the evaluation of thermal contact resistance effect on the overall conductance and 
assessment of limitations or aspects of the heat transfer path behaviour, a procedure to 
evaluate the real thermal conductance of the specimen was designed, as can be seen in the 
Table 7.8. 
 The further evaluation process was described as short as possible to enable easy to 
survey reading. The references to related chapters were therefore included to enable more 
deep study of all the principles and limitations.  
 

1. T4 – CI constant temperature; 

2. Qteor.. – set-up of the HI power supply; 

3. U, Ireal. – real measured parameters of the power added to resistors; 

4. Qin-real. – real power applied on the HI; 

Qin-real = Ireal*U 
 

5. TH1,8; TH2-7; TC2-7; TC1,8 - recalculation of temperatures, the average mistakes of 

the temperature readings involved - defined in Chapter 5.7. 

6. ΔT1, ΔT2, ΔT3 – average temperature differences determined from measured data 

visualization in charts, highest possible error: ± 1 % due to a evaluation method used 

ΔT1 = TH1,8 – TH2-7 
ΔT2 = TH2-7 – TC2-7 
ΔT3 = TC2-7 – TC1,8 

 

7. n - heat exchange coefficient, calculation based on T4 temperature. More details can 

be found in Chapter 7.4, paragraph E. 

n = - 5*10-6 * T43 + 0.0007 * T42 – 0.0422 * T4 + 0.6 
 

8. Q1, Q2, Q3 – heat loads applied to different parts of the heat transfer path. Due to the 

heat amount, the correction of heat Q1 can cause ± 0.5 % error. More details can be 

found in Chapter 7.4, paragraph D and E. 

Q1 = Qin + n 
Q2 = (Q1+Q3)/2 

Q3 = Q1*(ΔT3/ΔT1) 
 

9. Kcal2 – calculated conductance of the specimen (based on the measured temperature 

deference). More details can be found in Chapter 7.4, paragraph D. 

Kcal2 = Q2/ΔT2 
 

10. Kspecimen – recalculation of Kcal2, influence of the thermal contact resistance included 

(evaluation procedure defined in Chapter 7.4; Kres = 2 W.K-1 ± 5 % error). More 
details can be found in Chapter 7.4, paragraph F. 

 

Kspecimen = 1/(1/Kcal2-1/Kres) 
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7.6 Review of Heat switch project modifications 

Several modifications of the HST chamber have been made during the assembly process and 
initial chamber validation tests, as for example the CO2 icing below – 110 °C. New 
requirements also resulted from the meeting held on 9 December at BUT and some 
specifications appeared during the long validation testing phase. Some of them were also 
caused by unsuitability of the design or false behaviour, as for example the Dummy design or 
wire configuration of thermocouples. The full list of the modifications and improvements can 
be seen in Table 7.9. 
 
Table 7.9: List of modification and improvements to the first initial design of the HST 

chamber, specimens and test campaign in general. 

  Before After 

Specimen 
BB suitable for - 60 °C ÷ + 50 °C BB suitable for - 15 °C ÷ + 30 °C 

Dummy I. generation Dummy II. generation 

HST chamber 

Without additional copper plates With additional copper plates 

Without graphite film With graphite film 

Without Upilex and Mylar foil With Upilex and Mylar foil 

Two-wire line configuration Three-wire line configuration 

With copper Belts With or without copper Belts 

Supply systems 

AC SSR relay DC SSR relay 

Continuous flow of CO2 Non-continuous flow of CO2 

Pirani gauge up/ Ball valve bellow Ball valve up/ Pirani gauge bellow 

Measurement 
EQM lowest temperature - 125 °C EQM lowest temperature - 110 °C 

Heat load test with 8 ÷ 10 mbar CO2 Heat load test with 1 mbar CO2 

Post-processing 
Power heat load determined from 
temperature difference 

Power heat load determined from 
current and voltage 
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8. MHS VALIDATION TESTS PLAN 

The MHS Validation test plan was divided into three blocks tracing the initially prescribed 
test blocks for final BB and EQM testing (Chapter 3.5). All three Validation test blocks are 
shorter and easier than those intended for BB and EQM testing.  Their purpose is to verify the 
predicted test conditions, to confirm and possibly improve the value of thermal contact 
resistances and to approve the drafted process scheme of data evaluation (Chapter 7.5) in 
order to improve proposed BB and EQM test campaign.  
 The Block 3 was already performed (Chapter 7.2.1) with the Dummy – I. generation 
specimen. The lower specimen conductance did not play a significant role in the test chamber 
performance while simulating the dial cycle on Mars. Moreover this test had to approve only 
the general facility and specimen behaviour in extremely low temperatures and thus the higher 
thermal resistances of the specimen assembly could be ignored.  
 The last test to verify the general behaviour of the test facility and supply systems is 
the Low heat loads measurement verification (Chapter 8.1).  
 
 

8.1 Low heat loads measurement verification  

Test specification: 

This test is the last part of the post-processing procedure validation. Apply the predefined 
constant temperatures on the Cold Interface and a low heat loads (in the range of 1 W to 4 W) 
on the Hot Interface. Approve the drafted data evaluation process and calculated thermal 
contact resistances. The test block may be performed after all parts of the chamber will have 
the state of thermal equilibrium with the ambient lab temperature. 
 

Aim of the test: 

The data evaluation procedure was initially measured and designed only for the heat loads 
from 4 W to 10 W. The question now is, if the process is applicable also for measurements 
with low heat loads in the range of 1 W to 4 W or if some unpredictable problems will turn up 
and thus will disable accurate post-processing. 
 
 

 
Figure 8.1: Graphic interpretation of additional measurement to the thermal contact 

resistance identification test with low heat loads applied on the HI. 
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Test description: 

Create the lowest possible pressure of CO2 gas inside the chamber. Apply the predefined 
constant temperatures - 15 °C, 0 °C, + 15 °C and + 30 °C on the Cold Interface and a low heat 
load of 2 W on the Hot Interface, as displayed in Figure 8.1. Evaluate the thermal contact 
resistance and compare it with the results already determined.  
 
 
Configuration of the test facility: 
Specimen: Copper plate 
Pressure environment in the chamber: 100 Pa CO2 (or lowest possible pressure)  
Chamber design: Version 2 - Advanced 

- Weight     Yes 
- Additional copper plates:  Yes 
- Graphite foils:    Yes 
- Copper Belts:    No 

Supply systems: 
- Pirani gauge:     Low horizontal position 
- Number of probes recorded:   8 
- Regulators: HI:   ON 

   CI:   ON 
- Position of temperature probes:  

 (filled ~ recorded; crossed ~ input for Controllers) 
 
 

Setups: 

Pressure required = 100 Pa, 100 000 Pa  
Indicated pressure and displayed on ADC controller = 113 Pa, 1230 Pa 

Set-up of DC power supplies: HI: 2 W (4 VDC, 0.5 A) 
 
 
Evaluation:  
- Recalculation of pressure indicated: defined in Chapter 5.4. 
- Recalculation of temperatures: the average mistakes of the temperature readings were 

involved - defined in Chapter 5.7. Only the average values from one line of 
thermocouples were used for post-processing and displayed in charts. 

- Evaluation of the thermal contact resistance: based on the definition in Chapter 7.4 and 
later improvements. 

- Evaluation of the specimen conductance: based on the definition in Chapter 7.5 and later 
improvements. 
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8.2 Block 1 

Test specification: 

The Block 1 will be performed with a Hot Interface heat loads and predefined constant 
temperatures on the Cold Interface. It will be necessary to replace the Dummy 1 for the 
Dummy 2 with higher conductance at the temperature of 20 °C. The Block 1 may be 
performed after all parts of the chamber will have the state of thermal equilibrium with the 
ambient lab temperature. 
 

Aim of the test: 
The purpose of the MHS Validation test – Block 1 is to approve the principles of temperature 
and heat regulation, set up of power supplies (the current and voltage) and temperature 
Controllers  as well as timing of the liquid nitrogen (LIN) feeding. Above all verify the 
designed process of specimen thermal conductance calculation - improve if needed. 
 
Test description: 

Create the lowest possible pressure of CO2 gas. Cool down the Cold Interface to – 15 °C and 
perform the cycle as shown in the Figure 8.2 with prescribed thermal loads: 2, 4, 7 and 10 W. 
The specimen - Dummy 1 will have to be changed after two prescribed test cycles to respect 
the switch conductance change. More detailed description of the test Block 1 procedure can 
be observed further.  
 
 

 
Figure 8.2: Graphic interpretation of Block 1 verifying test: changing heat flow on  HI and 

constant temperatures on CI. 

 
Proposed test sequence: 
- Creating CO2 environment: as described in Chapter 7.1.2, stop at the lowest possible 
 pressure (approximately 100 Pa). 
- Measurement: 

A. Fill in the LIN into CI tank and cool the CI down to - 15 °C (use manual regulation 
setting in – 15 °C, hold 30 min.). 

B. Perform the Hot Interface heat flow and keep – 15 °C at CI by adding the liquid 
nitrogen when needed (heat flow: 2, 4, 7, 10 W, hold 1.5 hours at each steady state). 

C. Heat up the Cold Interface to 0 °C, hold 30 min. and perform the Hot Interface heat 
flow, keep 0 °C at CI (heat flow: 2, 4, 7, 10 W, hold 1.5 hours at each steady state). 

- Dummy exchange: 
D. After the last cycle: stop the DAS measurement and Controller programs. 
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E. Open the Ball valve carefully to fill the air inside the chamber to reach the 
atmospheric pressure. 

F. Open the HST chamber and replace the Dummy 1 by Dummy 2 (as described in 
Chapter 4.10.2).  

- Creating CO2 environment: as described in Chapter 7.1.2, stop at the lowest possible 
 pressure (approximately 100 Pa). 
- Measurement: 

G. Start the DAS temperature measurement for both Interfaces. 
H. Perform the Hot Interface heat flow and keep 15 °C at CI for 30 min. by adding the 

liquid nitrogen when needed (heat flow: 2, 4, 7, 10 W, hold 1.5 hours at each steady 
state). 

I. Heat up the Cold Interface to 30 °C, hold 30 min. and perform the Hot Interface heat 
flow, keep 30 °C at CI (heat flow: 2, 4, 7, 10 W, hold 1.5 hours at each steady state). 

- The end of measurement (ambient environment): 
J. After the last cycle: stop the DAS measurement and Controller programs. 
K. Open the Ball valve carefully to fill in the atmospheric pressure. 
L. Evaluate the measured data. 

 
 
Configuration of the test facility: 
Specimen: Dummy II. generation 
Pressure environment in the chamber: 100 Pa CO2 (or lowest possible pressure)  
Chamber design: Version 2 - Advanced 

- Weight     Yes 
- Additional copper plates:  Yes 
- Graphite foils:    Yes 
- Copper Belts:    No 

Supply systems: 
- Pirani gauge:     Low horizontal position 
- Number of probes recorded:   8 
- Regulators: HI:   ON 

   CI:   ON 
- Position of temperature probes:  

 (filled ~ recorded; crossed ~ input for Controllers) 
 
Setups: 

Pressure required = 100 Pa, 100 000 Pa  
Indicated pressure and displayed on ADC controller = 113 Pa, 1230 
Pa 

Set-up of DC power supplies: HI: 2 W (4 VDC, 0.5 A) 
 
Evaluation:  
- Recalculation of pressure indicated: defined in Chapter 5.4. 
- Recalculation of temperatures: the average mistakes of the temperature readings were 

involved - defined in Chapter 5.7. Only the average values from one line of 
thermocouples were used for post-processing and displayed in charts. 

- Evaluation of the thermal contact resistance: based on the definition in Chapter 7.4 and 
later improvements. 

- Evaluation of the specimen conductance: based on the definition in Chapter 7.5 and later 
improvements. 
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8.3 Block 2 

Test specification: 

The Block 2 will be performed with a Hot Interface highest heat load of 10 W and a 
temperature cycle on the Cold Interface. It will be necessary to replace the Dummy 1 for the 
Dummy 2 with higher conductance at the temperature of 20 °C. The block may be performed 
after all parts of the chamber will have the state of thermal equilibrium with the ambient lab 
temperature. 
 

Aim of the test: 
The purpose of the MHS Validation test – Block 2 is to approve the principles of temperature 
regulation while simultaneously loading the highest prescribed power. More over define the 
set up of temperature Controllers as well as a timing of the liquid nitrogen (LIN) feeding. 
Above all verify the designed process of specimen thermal conductance calculation and 
improve it further if needed. 
 
Test description: 

Create the lowest possible pressure of CO2 gas in the HST chamber. Cool down the Cold 
Interface and apply the heat of 10 W to the HI. Perform the cycle as shown in the Figure 8.3 
with the prescribed temperature gradients. At 20 °C, change the specimen – Dummy 1 will 
have to be replaced by Dummy 2 to respect the real MHS conductance change. More detailed 
description of the test Block 2 procedure can be observed further. 
 
 

 
Figure 8.3: Graphic interpretation of Block 2 verifying test: thermal load of 10 W on HI and 

temperature cycles on CI from – 15 °C to + 30 °C within 3 hours. 
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Proposed test sequence: 

- Creating CO2 environment: as described in Chapter 7.1.2, stop at the lowest possible 
 pressure (approximately 100 Pa). 
- Measurement: 

I. Start the Controller program for Cold Interface (CI: Program 3). 
J. Fill in the LIN into CI tank and cool the CI down to - 15 °C (use automatic regulation 

with gradient of – 35 °C/h). 
K. Perform the Hot Interface heat flow of 10 W and keep – 15 °C at CI for 1 hour. 
L. Apply a temperature cycle on CI, heats it up to 20 °C within 2 hrs. 20 min. (CI 

gradient: 15 °C/h). 
- Dummy exchange: 

M. After reaching 20 °C: stop the DAS measurement and Controller programs. 
N. Open the Ball valve carefully to fill the air inside the chamber to reach the 

atmospheric pressure. 
O. Open the HST chamber and replace the Dummy 1 by Dummy 2 (as described in 

Chapter 4.10.2).  
- Creating CO2 environment: as described in Chapter 7.1.2, stop at the lowest possible 
 pressure (approximately 100 Pa). 
- Measurement: 

P. Start the DAS temperature measurement for both Interfaces. 
Q. Perform the Hot Interface heat flow of 10 W and start the Controller program for Cold 

Interface (CI: Program 4). 
R. Apply a temperature cycle on CI, heats it up to 30 °C within 40 min. (CI gradient: 15 

°C/h) and after that hold 1 hour at 30 °C. 
- The end of measurement (ambient environment): 

S. After the last cycle: stop the DAS measurement and Controller programs. 
T. Open the Ball valve carefully to fill in the atmospheric pressure. 
U. Evaluate the measured data. 

 
 
Configuration of the test facility: 
Specimen: Dummy II. generation 
Pressure environment in the chamber: 100 Pa CO2 (or lowest possible pressure)  
Chamber design: Version 2 - Advanced 

- Weight     Yes 
- Additional copper plates:  Yes 
- Graphite foils:    Yes 
- Copper Belts:    No 

Supply systems: 
- Pirani gauge:     Low horizontal position 
- Number of probes recorded:   8 
- Regulators: HI:   ON 

   CI:   ON 
- Position of temperature probes:  

 (filled ~ recorded; crossed ~ input for Controllers) 
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Setups: 

Pressure required = 100 Pa, 100 000 Pa  
Indicated pressure and displayed on ADC controller = 113 Pa, 1230 Pa 

Set-up of DC power supplies: HI: 10 W (8.94 VDC, 1.12 A) 
Regulation programmes: 
 

CI: 

Program 3: Program 4:         

StEP tYPE EnSP tIME rAtE Ent StEP tYPE EnSP tIME rAtE Ent 

1 rAtE -15 - 35 OFF 1 rAtE 30 - 15 OFF 

2 SoAK - 1 - OFF 2 SoAK - 1 - OFF 

3 rAtE 20 - 15 OFF 3 End - - - OFF 

4 End - - - OFF 

 
Evaluation:  
- Recalculation of pressure indicated: defined in Chapter 5.4. 
- Recalculation of temperatures: the average mistakes of the temperature readings were 

involved - defined in Chapter 5.7. Only the average values from one line of 
thermocouples were used for post-processing and displayed in charts. 

- Evaluation of the thermal contact resistance: based on the definition in Chapter 7.4 and 
later improvements. 

- Evaluation of the specimen conductance: based on the definition in Chapter 7.5 and later 
improvements. 
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9. BB TEST PROCEDURE PLAN 

The tests scheduled for Breadboards follows the first two block tests described in Chapter 3.5. 
Two different Breadboards will be exposed to application of different temperatures on Cold 
Interface and to different thermal loads on Hot Interface in order to investigate, measure and 
evaluate the behaviour of the Miniaturized heat switch in the range of its conductance change 
(opened/closed reversion designed between temperatures + 15 °C to + 25 °C; measured on the 
Hot Interface). 
 Each block describes the procedure of the specific experiment. The test Block 1 
prescribes different Hot Interface heat flows and constant temperatures on the Cold Interface. 
The Block 2 is prescribed with specific Hot Interface heat transfer and a temperature cycle on 
the Cold Interface instead of constant temperatures. The Test block 3 is not required since the 
results gained from BB testing will be used for designing and manufacturing of the EQM 
specimen (Engineering Qualification Model). 
 

Note: The temperature during BB tests must not overrun + 40 °C in any case. (limit for BB 
confirmed by Aero Sekur). 
 
Configuration of the chamber and systems set-up: 

Specimen:      Two MHS Bread Boards 
Pressure environment in the chamber:  100 Pa CO2 (or lowest possible pressure) 
Chamber design:     Version 2 – Advanced 

- Additional copper plates:  Yes 
- Graphite foils:    Yes 
- Copper Belts:    No 

Supply systems: 
- Pirani gauge:     Low horizontal position 
- Number of probes for recording:  8 

 
Evaluation: 

According to designed process in Chapter 7.5 and further improvements. 
 
 
The draft plan of test procedure will be performed on two BB MHS models immediately after 
the successful approval of MHS Validation test results performed on the Dummy II. 
generation specimen.  
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9.1 BB test block 1 

Aim of the test:  
To determine the thermal conductivity K [W.K-1] of the switch for different thermal loads and 
constant temperatures covering the range of predicted MHS conductivity change (- 15 °C to 
+ 25 °C on HI). 
 

Description:  
The application of changing thermal load from 1 to 10 Watts on the Hot Interface and the 
application of sustained predefined constant temperatures on the Cold Interface (- 15 °C, 0 °C, 
15 °C and 30 °C). Make three cycles, one of them can be seen in Figure 9.1.  
 Cool down both interfaces down to - 15 °C with the gradient of 35 °C/h (from ambient 
temperature 20 °C). In each step, hold one hour at the temperature and then start to apply 
thermal loads of 2, 4, 6 and 10 Watts (exact values will be specified later) and heat up the 
Cold Interface to the pre-described temperatures (0 °C, + 15 °C, + 30 °C). After 10 W heat 
load increase the temperature of the Cold Interface, hold one hour and then apply heat loads 
again as shown in Figure 9.1. 
 
 

 
Figure 9.1: Graphic interpretation of Block 1 for BB tests: changing heat flow on HI and 

constant temperatures on CI. 

 
Note: Exact values of heat loads will be specified later. Initially were prescribed 2, 4, 6 and 
10 Watts. 
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9.2 BB test block 2 

Aim of the test:  
To determine the thermal conductivity K [W.K-1] of the switch for specific thermal load and 
temperature cycle covering the range of predicted MHS conductivity change (- 15 °C to 
+ 25 °C on HI). 
 

Description:  
Application of a specific thermal load (10 W) on the Hot Interface and the application of 
temperature cycle on the Cold Interface from – 15 °C to + 30 °C (confirmed by Aero Sekur). 
Make three cycles, one of them can be seen in Figure 9.2.  
 Cool down both Interfaces down to - 15 °C with the gradient of 35 °C/h (from ambient 
temperature 20 °C). In each step, hold one hour at the temperature extreme and then start to 
apply 10 Watts and heat up the Cold Interface with pre-described gradient (7.5 °C/h). Hold 
one hour at the temperature extreme and then perform another cycle as shown in Figure 9.2.  
 Results should be presented in charts (to be simply obvious, where the MHS 
conductivity rises and change occurs, in dependency on HI temperature). 
 
 

 
Figure 9.2: Graphic interpretation of Block 2 for BB tests: thermal load on HI and 

temperature cycles on CI.  

 

Note: The total temperature range for BB is only 45 °C, therefore the test cycle can be 
performed in shorter time of 6 hours (confirmed by Aero Sekur). 
 
CI Program: 

CI: 

Program 1: 

StEP tYPE EnSP tIME rAtE Ent 

1 rAtE -15 - 35 OFF 

2 SoAK - 1 - OFF 

3 rAtE 30 - 7.5 OFF 

4 SoAK - 1 - OFF 

5 End - - - OFF 
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10. EQM TEST PROCEDURE PLAN 

At the end of the Bead Board test campaign the measured data will be processed and based on 
the results Aero Sekur will manufacture the Engineering Qualification Model of Miniaturized 
heat switch to undergo the final Qualification tests. The test set ups and procedures will as 
similar as possible to those validated with the Dummy specimens and approved on BB MHS 
models.  
 
New requirements made up to date: [4] 
 The lowest possible pressure: 50 Pa  
 Third vacuum feed-through:  14 probes for recording 
 Temperature limit:   -110 °C (test Block 3) 
 
Configuration of the chamber and systems set-up: 

Specimen:      MHS Engineering Qualification Model 
Pressure environment in the chamber:  50 Pa CO2 (or lowest possible pressure) 
Chamber design:     Version 3 

- Additional copper plates:  Yes 
- Graphite foils:    Yes 
- Copper Belts:     

  EQM test block 1&2  No 
  EQM test block 3  Yes 

Supply systems: 
- Pirani gauge:     Low horizontal position 
- Number of probes for recording:  14 

 
Evaluation: 
According to designed process in Chapter 7.5 and further improvements. 
 
 
The draft plan of test procedure will be performed on EQM MHS model immediately after the 
successful approval of BB test results performed on two Bread Boards specimens. 
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10.1 EQM test block 1 

Aim of the test:  
To determine the thermal conductivity K [W.K-1] of the EQM Heat switch for different 
thermal loads and constant temperatures covering the range of predicted MHS conductivity 
change (- 15 °C to + 25 °C on HI). Exact values of heat loads will be specified later. Initially 
were prescribed 2, 4, 6 and 10 Watts. 
 
 
 

 
Figure 10.1: Graphic interpretation of Block 1 for EQM test: changing heat flow on HI and 

constant temperatures on CI. 
 

10.2 EQM test block 2 

Aim of the test:  
To determine the thermal conductivity K [W.K-1] of the EQM Heat switch for specific 
thermal load and temperature cycle covering the range of predicted MHS conductivity change 
(+ 15 °C to + 25 °C on HI). Due to a higher temperature range, the second EQM test cycle is 
prescribed to be performed within 14 hours.  
 

 
Figure 10.2: Graphic interpretation of Block 2 for EQM tests: thermal load on HI and 

temperature cycles on CI. 
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10.3 EQM test block 3 

Aim of the test 3: To confirm, that the MHS EQM works as predicted in all conditions and 
during different temperature cycles both on Hot and Cold Interfaces, simulating real dial 
conditions on Mars. Moreover to approve the range of the MHS conductivity alternation, 
depending on Hot Interface temperature and to compare it with predicted and initially 
measured values. Final results should be presented in charts. 
 
 

 Figure 10.3: Graphic interpretation of Block 3 for EQM tests: different temperature cycles 

on CI (– 110 °C to + 50 °C) and HI (– 55 °C to + 60 °C) within 24 hours for each cycle. 
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11. CONCLUSION 

 The preparation works of the Miniaturized heat switch project started at the Institute of 
Aerospace Engineering at the end of 2014. At the beginning it was believed that designing 
process of the experimental test facility for complex test campaign simulating the conditions 
of planet Mars will take approximately one year together with the test chamber validation 
phase and the final Heat switch test campaign as well.  
 According to the assigned documentation with initial specification definition of the 
test facility and description of the Miniaturized heat switch performance, the first version in 
the HST chamber evolution was designed. This prototype laid very strong foundations for 
future project development. The first completed and approved test chamber assembly was 
successfully finalized at the beginning of December 2015 although the new requirements 
defined a few days later after the facility inspection meeting disabled to continue with 
proposed calibration tests. 
 Nevertheless during first simulations the initial chamber design endured severe 
conditions and was therefore proved to follow the estimated chamber configuration 
verification procedure. The primary limitation appeared due to the CO2 solidification below 
the temperatures of roughly – 110 °C. On the other hand an extraordinary result was achieved 
during the chamber design validation phase. The chamber tightness was so well, that the 
preliminary design of the pressure control system was changed from continuous flow status to 
non-continuous flow. 
 The HST chamber modular design then enabled to make several remarkable 
modifications throughout its active operation. In order to meet the new demands, changes 
were successively made to the inner as well as outer configuration of the chamber. One of the 
most significant changes was the implementation of the additional copper plates. They had to 
be placed on both sides of the specimen to simulate the layout in future rover application. 
Some components had to be therefore adapted. New requirements also resulted from the 
meeting held on 9 December at BUT and some specifications appeared during the long 
validation testing phase. Some of them were also caused by unsuitability of the design or false 
behaviour, as for example the Dummy design. Also the false indication of thermocouples 
caused by two-wire configuration instead of the three-wire configuration originated several 
troubles and delayed the overall project schedule. The other successful improvement was the 
relocation of the Pirani gauge into low horizontal position that turned out to be a vantage for 
pressure reading accuracy.  
 All in all the chamber performance turned out to be really well, not only because of the 
high pressure tightness or outstanding thermal insulation in extremely low temperatures, but 
above all the modular design and its ability to be modified regarding to a wide range of 
different requirements within its long evolution process, promoted most of the chamber 
design success. 
 Test campaign was divided into four parts: the test chamber design validation, MHS 
Validation test, BB test campaign and Qualification test of the EQM specimen. The original 
endeavour was to validate the chamber as fast as possible with substitutive specimen, so 
called the Dummy. However the first generation design turned out to be unsuitable for heat 
transfer tests because of too high thermal contact resistance between all its components. The 
Dummy I. generation served therefore as a predecessor for a new improved specimen Dummy 
II. generation.  
 The Heat switch project extemporary evolved step by step into large scale of tests. 
Probably the most important explorations were made to unveil the mysteries about the heat 
transfer throughout the copper conductive path and secrets of thermal exchange in the low 
pressure conditions of about 1000 Pa CO2 or less. To prevent the heat and radiation leakages 
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the Upilex foil and Mylar film were used and even later the specimen surrounding 
environment was limited to be only 100 Pa of CO2 gas within the heat load tests. For this kind 
of tests the copper Belts were excluded and advantage of graphite foils between specimen 
assembly contact surfaces approved. The contact resistances, without any doubt a ubiquitous 
phenomenon, appeared in most of the validation tests however it´s effect was determined and 
evaluated even within the latest tests. 
 Recently, one and half years after project endorsement at BUT, the MHS Validation 
test campaign had not been finished yet. Evaluation process of the specimen conductance was 
designed according to the feasible measured data and is now in process of validation. 
Generally, even if the results are not known yet, the outstanding achievements have been 
made within the chamber configuration validation tests. 
 To reach the highly accurate scientific data would not be possible without meticulous 
effort of several people. The MHS Validation tests continue recently with the Dummy II. 
generation specimens to confirm or disapprove the specimen conductance evaluation scheme. 
Once the results will be approved, the test chamber and test procedure schemes will be ready 
for BB and EQM testing. 
 The objective of this document was to bring together all the related information and 
knowledge in coherent form and to elaborate all the results from chamber evolution 
development, chamber initial validation tests, MHS Validation tests and data evaluation 
procedure scheme. Moreover the aim was also to design requested test plan for BB and EQM 
MHS specimens testing even the requirements can be slightly modified in the future. 
Nevertheless all the initially defined requirements of the thesis were fulfilled. 
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13. LIST OF SHORT CUTS AND SYMBOLS 

AC  Alternating Current 
ADC  Active Digital Controller 
APG  Active Pirani Gauge 
ATV  Automated Transfer Vehicle 
BB  Bred Board 
BUT  Brno University of Technology 
CI  Cold Interface 
CO  Carbon Monoxide 
CO2  Carbon Dioxide 
DAS  Data Acquisition System 
DC  Direct Current 
EAC  European Astronauts Centre 
EC  European Commission 
EGNOS European Geostationary Navigation Overlay Service 
ELDO  European Launch Development Organisation 
EQM  Engineering Qualification Model 
ESA  European Space Agency 
ESOC  European Space Operations Centre 
ESRO  European Space Research Organisation 
ESTEC European Space Research and Technology Centre 
EU  European Union 
FA  Framework Agreement 
FOC  Fully Operational Capability 
GEOSS Global Earth Observation System of Systems 
GDP  Gross Domestic Product 
GMES  Global Monitoring for Environment and Security programme 
GPS  Global Positioning System 
GTO  Geostationary Transfer Orbit 
HI  Hot Interface 
HST  Heat Switch Test 
IOV  In-Orbit Validation 
ISS  International Space Station 
IT  Information Technology 
LIN  Liquid Nitrogen 
LV  Leak Valve 
MEO  Medium-Earth orbit 
MHS  Miniaturized Heat Switch 
MTTF  Mean Time To Failure 
NASA  National Aeronautics and Space Administration 
PCM   Power Control Module 
PTFE  Polytetrafluoroethylene, Teflon 
PU  Polyurethane 
SSO  Sun-Synchronous Orbit 
SSR  Solid State Relay 
TGO  Trace Gas Orbiter 
UK  the United Kingdom 
US  United States 
USA  United States of America 

http://www.esa.int/About_Us/EAC
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