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Abstract 

 

The current orbital suits, the American EMU (Extravehicular Mobility Unit), the Russian Orlan M 
and the planetary Apollo suits do not comply with the future planetary exploration requirements and 
they are not appropriate for remote operation or incompatible environments.  

In vision of new exploration missions a suitable planetary Extra Vehicular Activity system needs to 
be designed. According to the international nature of this future endeavour, ESA is starting to think 
about developing a European system, which could be considered as one of the European 
contributions to the mission. 

The nature of the internship was the development of an initial document, which contains a System 
Requirement Document for a planetary suit, a state of the art of present technologies, and a first 
draft of a new concept design and a Technology Readiness Level assessment of the present 
European technology. 

The project was tackled with a literature review of the past and current EVA systems and a research 
on alternative technologies that are applied to the field, giving a deep insight on the matter and 
therefore realising the benefits and limitations of existing spacesuits, setting the basis for further 
exploitation of existing and future technologies. 
The main part is the identification of the requirements for specific task definitions and operational 
scenarios for a Moon planetary mission. Planetary missions are very different from orbital EVA 
(gravity, mobility issues, dust, vast operation areas, etc) and given the high cost and associated risks 
of sending humans to destinations so far away will require adequate protection and a high mission 
success rate. A variety of systems were analysed in order to evaluate the most suitable solution for 
the proposed scenarios, leading to the formulation of a concept design that was then presented for a 
feasibility study. This includes new solutions and technologies that are being developed for the 
various subsystems. The Final part is a Technology Readiness Assessment [TRA] of the current 
European industry for the development of an EVA system, and a correspondent roadmap that gives 
an indication of the duration and efforts that will characterise the developing process.
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1 Scope 

 

This document intends to provide the results of an EVA System state of the art analysis, a list of 
requirement for an exploration class EVA suit system and a trade off between present and possible 
future concepts.  

This project work was undertaken as the final part of my Master Course studies and was conducted 
during a stage period at the European Space Research and Technology Centre (ESTEC) in the 
Netherlands. The works was performed within the Future Programmes Division – Future Human 
Exploration Section of the Human Spaceflight Directorate (HSF-EFH) over a four month period 
between March and July 2009. The section is involved in future programmes, researching new 
technologies to allow future human exploration. 
 
 
Given the new ambitious space exploration programmes, planetary surface suits will be a necessary 
development that needs to be undertaken. The document is composed by a requirement analysis for 
a lunar EVA system, a system level study of a new concept, whose feasibility needs to be analysed 
in much more detail and a TRL assessment of the European industry technology necessary to 
develop such as system. 
 
All the material presented in this document, the report, the assessment of the various TRL levels 
and the Lunar EVA System Requirement Document found in Appendix A has been produced by the 
author during the stage period. 
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MCP Mechanical Counter Pressure 

EMU Extravehicular Mobility Unit 

TMG Thermal Micrometeoroid Garment 

HUT Hard Upper Torso 

RUT Rigid Upper Torso 

PLSS Portable Life Support Systems 
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3 Introduction 

 

The space environment presents extremely adverse conditions, such as vacuum, intense heat and 
radiation due to direct sun exposure, low temperatures due to the influence of deep space, possible 
micro-meteoroids impacts, and interaction with chemical agents from the spacecraft propulsion 
system. In order to perform a successful Extra Vehicular Activity (EVA) a suitable spacecraft is 
required to provide the astronaut with such an artificial environment to guarantee living conditions. 

 

In many cases operations to be conducted outside the vehicle, Extra Vehicular Activities (EVA), 
have been very important for the successful conclusion of the mission such as repairing satellites, 
constructing Space Stations and during the Apollo missions, they played a fundamental role 
allowing the exploration of the Moon’s surface. Forty years after the first Moon landing, missions 
dedicated to the manned exploration of the lunar surface are again taken into consideration. In 
preparation of future planetary mission, such as the Moon and Mars, a specific operational suit must 
take in consideration all the planetary conditions, the expedition’s mission scenario and 
requirements, the effects of partial gravity and mass limitation and the ease of movement by the 
astronaut.  



EVA Systems For Planetary Exploration 

Simon Silvio Conticello 
Page 14 of 90  

 

3.1 Future Exploration Programme 

Exploration has always characterised human society and today the ultimate frontier of exploration is 
Space and the closest planets. The first steps were taken during the cold war, and now the ISS 
represents an outpost in this territory. The main leading Space Agencies have agreed on a Global 
Exploration Strategy and under the banner of the International Space Exploration Coordination 
Group (ISECG) and have agreed on studying three scenarios for conducting internationally 
coordinated robotic and human exploration activities on the Moon. 

The three scenarios include both short duration and extended stay missions to any lunar location, 
and longer duration missions for up to six months at a polar location on the Moon. The scenarios 
cover the development and placement of infrastructure systems in space and on the surface of the 
Moon. [RD 30] 

Considering the retirement of the Space Shuttle scheduled for the early 2010, the European 
Advanced Re-entry Vehicle (ARV) scheduled for 2016, the US Ares I for 2014, the only human 
access to space for the next years will only be guaranteed by the Soyuz flights. 

 

3.2 The Moon Environment 

The Moon’s environment is a very hostile one, characterized by very intense radiation, very intense 
sun light, intense temperature variations between the sunlit zones and the shadowed ones, vacuum 
and a very abrasive dust. These characteristics need to be considered carefully since the requirement 
of a Moon exploration mission will highly depend on them. 

Situated at a mean distance of 384.400 km from Earth, The Moon is the closest celestial body and 
the only one that it has been subject to in-situ resources investigation by a sample return mission 
and a series of manned expeditions. The findings of the Apollo missions were extremely important 
for the study of this body: lunar chemistry, complex regolith, oxidation state, mineralogy and 
petrologic diversity were in general unpredicted. [RD 6] 

 

On the Moon there are two direct radiation sources of radiation: the Sun with an output of 1368 
W/m2, the Earth Albedo, and the Earth IR emissions. The duration of the lunar day night alternation 
is of 29.53 days, slightly longer that the sidereal day (27.32 days). This means that daylight and 
night time will alternate each other every 14.8day. This brings a complication in the thermal and 
energy systems of a vehicle-base set in locations where day-night will alternate, given the 
temperature excursion between 400 K during midday and almost the deep space temperatures of the 
lunar midnight. In the Polar Regions there are zones where the latitude allows a quasi continuous 
exposure to Sun light, as for the polar regions on Earth. In these perpetual light zones the Sunrays 
arrive with a good inclination, being in this way less dangerous and making sure the temperature do 
no reach the mid-day one. This can cause saturation of some cameras if looking in the sun direction 
and can affect the astronauts’ performance as well. In the deepest craters where there is constant 
darkness the temperature reach levels of 40 K. Those regions have a high scientific interest, hence 
systems designed to explore the surface need to be prepared for. 

Apart form the harsh temperature environment, radiation is a critical matter that needs to be 
considered. The MOON is outside the magnetic field of the Earth and it is not provided with its own 
one (38nT, << compared to the Earth one), and there is no atmosphere. This allows radiation to 
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reach the surface in a non-attenuated manner. The radiation level varies according to what particle 
is considered, and in case of Solar Particle Events (SPE) an appositively designed shelter is 
necessary to allow a crew stranded on the surface to survive. 

One other factor that characterises this environment is the surface itself. Being rough and non-
smooth down by the environmental agents, the rocks and the soil itself represent an additional 
critical factor that needs to be considered for any system on the planet. 

 

3.3 The Martian Environment 

The Martian atmosphere is composed by 95% of CO2 and it has a dynamic atmospheric pressure at 
the surface of about 0,6 kPa that still requires the use of an EVA suit. The climatic temperature 
range goes from Sub- Artic to temperate (133° and 293 K) and they experience variation within the 
day. The surface is also exposed to winds that contribute to the thermal flux, seasonal temperature 
variation, and thermal and cosmic radiation hazards.  

The EVA system might be affected by the winds (thermal regulator might be used) and convection 
and conduction need to be considered. Given the dry environment, dust is an insidious problem. 
Given the low gravity, movements of the surface will cause a great deal of dust to be lifted from the 
surface 

The magnetic field of the planet is quite weak. The presence of the atmosphere however will limit 
the radiation dose to a similar value of what is experienced in low Earth orbit. GCR however is 
about ½ of the one of free space and in long duration missions (> 6 months) will limit the number of 
EVAs that can be performed on the surface.  

There are some facts unknown in the Martin surface: the chemical composition of the soil could be 
chemically reactive, that then can be suspended and transported by the frequent dust storms that 
cross the planet.   

3.4 Space Suit History Overview 

 

For the past 50 years Humans have being leaving the surface of the earth towards their mission 
environments that have being placed from LEO up until the lunar environment. In these 
environments the Human interaction has been of a critical importance, for a wide range of tasks. In 
order to perform these tasks outside the safe haven that the spacecraft provided, space suits were 
used. Despite 50 years of continuous development the systems that have been used are practically 
the same: an all over body inflatable structure that maintains the minimal required pressure around 
the crewmember’s body in a pneumatic manner.  

Since the first two EVA the soviet one in (Leonov March 1965) and the US one (White June 1965) 
these kinds of suits have shown their limits, not performing in an optimal manner, resulting in two 
close calls. The pressurised system will tend to go back to the neutral axis for what concerns limbs 
and torso, and movements will result in the necessity of conserving the same internal volume, 
resulting in increasing the effort by the astronaut performing the movement. 

A Step forward in EVA system technology was the introduction of the Hard Upper Torso, a rigid 
component that controlled ballooning and provided a stable attachment to the backpack, the helmet 
and the Life Supporting equipment. 

In the last years new solutions are being researched to increase the astronaut’s performance in 
vision of the new exploration goals that are being analysed. 



EVA Systems For Planetary Exploration 

Simon Silvio Conticello 
Page 16 of 90  

 

4 EVA Suit pressure  

 

 

One of the main differences between the Earth and the space/lunar environment is the absence of an 
atmosphere and therefore the presence of vacuum. One of the main requirements for the human 
body to survive in such conditions is to be surrounded by pressure, to provide the necessary 
conditions for the body fluids and to supply oxygen to the blood vessels. 
 
There are two methods of providing the body with this suitable environment: one is applying 
mechanical counter pressure to the body with the aid of a tight-fitting elastic garment. Experiments 
have been carried out since the ’70s and studies are still ongoing to enhance the performance. The 
other option, the chosen solution by space agencies, is a full-pressurized gas enclosure providing 
breathable air and controlling the atmosphere conditions. A wide range of these types of suits has 
been developed for various applications. 
 
 
 
 

4.1 Operational Pressure (Operational requirement)  

 
One of the challenges in designing a space suit is the choice of the nominal operational internal 
pressure. On Earth the average sea level pressure is 101.3 kPa; the problem with current suits is that 
they inflate (Ballooning) and using such a pressure will limit the mobility of the system; to avoid 
this, the suits operate using a lower internal pressure. A trade-off between optimal working pressure 
and mobility must be done.  
 
Some of the problems related to the use of a lower pressure are Decompression sickness or bends. 
Air contains about 78% of Nitrogen that is very soluble in certain body’s tissues, which are poorly 
vascularised. When rapidly exposed to a lower pressure it tends to expand in volume and tries to 
leave the tissues surrounding certain joints. If it is not eliminated from the body, N2 bubble will 
start accumulating and can create a range of disabilities that can degenerate overwhelming the lungs 
ability to degas the blood. 
 
Therefore pre-breathing operations are necessary before entering the lower pressurized environment 
of the suit. Breathing pure O2 eliminates a great part of the N2 contained in the human body and 
consequently reducing the risk of bends. This operation requires a variable amount of time 
depending on the final operational pressure. 
 
The EVA pre-breathing time is dependant on the initial cabin one and the cabin atmosphere 
composition and final pressure inside the suit; the required time for the O2 pre-breathing is a ratio 
between the partial N2 pressure in the cabin and the final total pressure in the Space suit. This 
parameter, usually referred to “R”, is used as a safety measure to prevent bends and decompression.  
The following graph [fig 4-1] shows the cabin N2/Eva pressure Ratio: 
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Figure 4.1 Possible Space Module Pressures Versus EVA Enclosure Pressure, 
http://msis.jsc.NASA.gov/sections/section14.htm#_14.2_EVA_PHYSIOLOGY 

 
Another important parameter that drives the design consideration is the EVA suit atmosphere 
composition. There is a limit in the O2 partial pressure [fig  4-2] that should be maintained in order 
to ensure the crew members’ normal living conditions (21kPa). In the current space suit 
technologies (Russia, U.S.) a pure oxygen environment is used.   
 
The US Shuttle Extravehicular Mobility Suit (EMU) has an operating pressure of 30 kPa. The pre-
EVA operations on the STS require the lowering of the cabin pressure to 70 kPa 24 hours prior 
EVA, and then 45 minutes pure oxygen pre-breathing in the airlock prior final EVA decompression. 
The Russian operational suit pressure is 40 kPa that using an R safety factor of 1.4 requires only 30 
minutes of pre-breathing time, which is about the duration of a suit checkout before an EVA sortie. 
 
There are various advantages depending on the EVA pressure level: 
 

- A high EVA suit pressure [≥420 kPa] will reduce the time needed to denitrogenate and 
has a wide margin between the operational pressure and the emergency one. An increase 
in total pressure will lower the partial O2 pressure necessary to maintain living 
conditions. On the other side the mobility is reduced, leakage is increased as the 
structural requirements. 

 
- A lower EVA suit pressure will increase the pre-EVA denitrogenation phase. Some 

advantages are increased mobility, with less structural bulk.  
 

 

 

http://msis.jsc.NASA.gov/sections/section14.htm#_14.2_EVA_PHYSIOLOGY
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Figure 4-1 O2 partial pressure / total EVA pressure, NASA standard 3000 

 

 

4.2 Mobility  

One of the drawbacks of pressurized gas enclosures is the need for maintaining the constant volume 
in order to avoid eventual compression of the interior atmosphere that would consequently require 
an increase in effort to move the limb. The next generation planetary suit, considering the longer 
mission duration compared to the Apollo ones, will require a wide range of tasks to be carried out 
by the astronauts, and therefore mobility becomes one of the mayor functional requirements.  
 
 
 

4.3 EVA Life support  

 
An EVA system shall guarantee the crew members living conditions. This implies the 
interoperation of many other subsystems as the pressure system, the O2 feeding system, the thermal 
control, the CO2 removal, and the atmosphere circulation system. An interesting system would be a 
closed loop one, where all the consumables and energy are reused and regenerated. Current 
technology unfortunately does not allow providing such a regenerative system on such a small 
scale. 
 
The pressure system, being composed of an atmosphere of mainly O2 with physiologic inert gases 
(He, Ne, Ar, Kr, Xe) to prevent Atelactasis, shall provide and maintain a constant pressure on the 
entire body volume in order to keep the normal body fluids disposition; the O2 feeding system shall 
provide the normal O2 supply rate in order to keep at least the minimum alveoli partial O2 pressure 
(13.7 kPa) and monitor of the O2 supplies rate that varies according to the metabolic rate. The 
metabolic rate also depends on the Thermal control and the CO2 removal system that should 
maintain a certain temperature and CO2 level. 
 
All these elements shall be considered to be operating in a clearly unfriendly environment (vacuum, 
high radiation, abrasive dust) that implies a temperature and pressure tight enclosure and an 
adequate normal radiation level protection. All these systems shall interoperate in order to ensure 
the mission’s success.  
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Another element that will have an important influence on the overall system requirement is the 
number of EVA sorties and therefore the EVA system’s operating life. In a prolonged sojourn on 
the Moon for a period of 30 – 90 days the number of EVAs to be carried out will equal the number 
of EVAs carried out in the past 5-10 years. This requires a system that has specific long life and that 
can be refurbished and kept to functional levels with in situ maintenance, and therefore to be quite 
simple per se.  
 
Some future EVA systems developments should be in favour of modular systems (enhanced 
maintenance and logistical requirements), multipurpose systems (lower number of systems used) 
and passive systems (increase reliability and maintenance).  
 

5 Suit enclosure Trade-off 

 
In vision of long exploration missions on the Moon and on Mars, it is essential to recognise the 
importance that EVAs are going to play for the success of the mission itself. Crewmembers are 
going to spend a significant amount of time inside their EVA suits, and these should allow first of 
all the astronauts to perform their tasks but keeping in mind that the EVA duration of about 8 hours 
will be quite demanding and therefore the comfort of the astronauts must be ensured. An essential 
feature is reliability: as on Earth, it will be quite probable to encounter an unexpected event to 
occur. The system shall be equipped in a way to address normal and expected events, leaving a 
margin for contingency situations. Another important element is the trade-off between bulkiness-
inflexibility against dexterity-mobility. Based on the requirements it must be evaluated to what 
constraints it is necessary to have high mobility, for which it will be necessary to develop and apply 
new technologies, or to be in a bulkier suit, that will allow the present technology to be used.  
 
 

5.1 Concepts analysed 

 
The suit enclosure is essentially a mechanical module composed of hard and soft parts and it 
includes a pressure retention envelope formed by: 
 

- Torso 
- Helmet and Visor 
- Limbs 
- Boots and gloves  
- Backpack door and Sealing 
- An external Thermal Micrometeoroids Garment (TMG) 
-  Extra vehicular visor assembly 

 
The Suit enclosure main functions are: 
 

- Protection against the space environment 
- Pressure retention 
- Ventilating ducting  
- Mobility/dexterity/tactility 
- Interfacing with all other system present on site (habitat, rovers, tools) 
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In this section only the various Suit enclosures options will be identified. For the complete EVA 
system the Principal Life Support System, Electrical and communication subsystem and the 
consumables need to be considered. 
 

 
The following table shows a list of all the criteria that have been individuated according to which 
the trade-off will be based on. 
 

Table 5-1 Trade off Criteria 

 

Criteria impacting selection of 

EVA system 

Priority for the 

lunar env. 

Weighting 

factor 

Reliability High 15% 
Safety High 13% 
Robustness High 10% 
Maintainability High 10% 
Glove/arm mobility High 8% 
Leg/torso mobility High 8% 
Radiation protection High 5% 
Gaseous leakage High 5% 
Dust contamination/control High 5% 
Weight distribution High 5% 
Comfort/ Muscular fatigue High 5% 
Donning Medium 4% 
Pre-breath ops Medium 4% 
Anthropomorphic sizing Low 3% 

 
 
The trading parameters are described as follows: 
 

- Reliability: is the ability of the system to perform its function under nominal and 
unexpected circumstances; for developing technologies, i.e. MCP, a slightly lower mark 
will be assigned. 

- Safety is the ability of the system to protect the crewmember against the nominal and the 
unexpected condition he will be exposed to; for developing technologies, the expected 
performance will be marked, considering the available tests results. 

- Robustness: is the ability of the system to perform in the nominal environment with 
minimal loss, alteration or loss of functionality. 

- Maintainability: is the ease and speed with which any maintenance activity can be 
carried out on the system to restore to a full operational level. 

- Mobility: is the freedom of movement that the system provides to the crewmember. 
- Radiation: is the level of protection that is ensured by the system to the crewmember. 
- Gaseous leakage: is the volumetric loss of the system given by inability of the system to 

be a perfectly sealed volume. 
- Dust contamination/control: is the characteristic of the system to be influenced and 

affected by the lunar dust and the level of contingency procedures that the system will 
provide to limit the damage. The greatest part of the dust protection will be given by the 
TMG garment, therefore this parameter will assess the impact on the pressure enclosure 
itself. 
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- Weight distribution: given that the lunar atmosphere presents a gravity field, the 
distribution of weight will be important for the crewmembers mobility and stability 
during operations. Comfort/muscular fatigue is a criterion that will assess the comfort of 
the astronaut and the ease with which he will get tired using the suit. This parameter is 
dependent on the mobility and bulkiness of the system. 

- Donning will assess the ease of donning/doffing the suit and the time required to do this. 
- Pre breath Ops: This criterion is dependent on the operational pressure of the suit. 

According to the requirements the best solution will be a fast donning in case of 
emergency operations. 

- Anthropometric sizing: this will consider the different physiognomies that the suit will 
be able to match and the ease to adapt to a different one. 

 
•  The criteria have been ordered according to the importance and impact that they will have 

on the system. Concerning the initial mass calculation, for the TMG (current EMU 
technology was assumed) the following layers are assumed: 

 
- 2 layers of TMG external cover in orthofabric, Teflon- Nomex- Kevlar (one is used in 

the µ gravity environment; a second layer is added for abrasion protection) 
- 5 layers of reinforced aluminised Mylar for thermal insulation 
- TMG liner of Neoprene coated nylon Ripstop 

 
 
• The considered options for the EVA system are the following: 
 

- Mechanical counter pressure suit 
- Pressurised Soft Suit 
- Pressurised Hybrid Suit HUT- soft limbs 
- Pressurised Hybrid Suit HUT- soft limbs – MCP gloves 
- Hybrid Suit Pressurised Rigid upper torso- MCP limbs 
- Hard Suit 
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5.1.1 Chameleon suit 

This Chameleon thermal control method can be applied to the following EVA suit concepts.  
A recent concept that was developed by NASA is the chameleon suit. This concept is based on an 
interaction between the thermal insulating layer and the outside environment for thermal regulation. 
The conductive, convective and radiative properties of the suit change according to the 
crewmember’s metabolic activity and the garment’s thermal conditions in order to guarantee an 
optimal internal temperature. 
 
The first impact on the EVA system will be the reduction in weight, consumables and re-supply 
equipment. On the Apollo EMU 14 kg of the PLSS were dedicated to the thermal control system. 
The impact on the life support system is about 8 kg [RD 28]. The thermal garment, on the contrary, 
will increase in mass because of the active Chameleon elements. This will represent an advantage 
considering the position of the centre of gravity, since the load will be distributed around the body 
and not placed in the backpack. The chameleon suit would provide the EVA system with a further 
increase in radiation and micrometeorites protection elements.  
 
 

5.2 Option review 

 

5.2.1 Mechanical Counter pressure suit (MCP) 

 
The first actual concept for a Mechanical Counter Pressure (MCP) suit was proposed in the early 
‘70s [Annis and Webb, 1971] and research still continues in many of the main Space Organizations.  
NASA and JAXA are currently carrying out studies on advanced concepts for MCP suits and 
elements of the EVA system. 
 
The concept of MCP consists in providing pressure on the body with compressive garments rather 
than with gas working in tandem with the skin. The skin does not require being in a gaseous 
atmosphere giving that oxygen is supplied by the vascular system. This compression can be ensured 
by some elastomeric and weaved materials that stretch in two directions, having a greater tension in 
the circumferential one and having a lower tension in the other sense not to restrict motion. 
 
The EVA system shall consist in a MCP garment that wraps the body with a TMG (Thermal 
Micrometeorites protection Garment) that covers the MCP layer. To ensure a breathing atmosphere 
the head and the upper part of the neck are enclosed in a pressurized helmet with an equal pressure 
to the one exerted by the MCP. On a backpack the various elements for the life support system are 
installed. Additional research shall be done on the cooling system. An additional Liquid cooling 
Garment between the MCP and the TMG might be needed. 
 
Some MCP characteristics are listed below: 
 
Mobility 

The original Annis and Webb study and a recent Honeywell research on a prototype of MCP glove 
concluded that this type of pressurizing system offers an improved flexibility, mobility, dexterity, 
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tactility and a low level of fatigue. The MCP garments 
resulted to be comfortable when used at the design 
pressure during tests despite the initial donning 
problems at room pressure. 
 
Weight 
The MCP suit should be quite light weighed. The 
absence of a pressurized system all around the crew 
member’s body will reduces mass in terms of 
pressuring gas, pumping systems and lower volume to 
be covered with the TMG. This would represent a 
decrease in bulk as well and therefore an increase in 
mobility. 
 
 
 
Cost 
The absence of a complete gas pressurizing system and 
of mechanical joints will contain the producing costs 
and make the maintenance easier (replacing the 
garment after a certain cycle instead of servicing it).  
 
Safety 
In case of a puncture or an abrasion failure, the damage 
will be contained thanks to the elastic material 
characteristics. Vacuum localised on a relatively small 
area can generate edema or other symptoms, which can 
dissipate in a short time (depending on exposure time 
and area affected), generating a critical but not 
catastrophic situation. 
 
 
 
Leakage 
Diffusion of gasses through the skin is quite limited. 
Limiting the pressurized area, the leakage would be 
contained. 
 
Compression 
A uniform compression is needed to ensure normal distribution of liquids in the body. Given the 
diversity in shape of the parts of the human body to ensure equal pressure is a quite difficult task to 
achieve. This requires the need of engineering a MCP that would exert on the body the same 
pressure as on the pressurized area. New types of technologies are being investigated. 
 
Donning/Doffing  
The MCP suit is a tight pressuring device that it is difficult to don and doff. This can be problematic 
in the eventuality of an emergency sortie. Other consideration can be made in terms of the 
operational pressure: a MCP that will provide the same pressure as the one provided in the helmet 
for the minimum alveoli pressure would require some pre-breathing \time, while a MCP that will 
operate at higher pressure requires less pre-breathing but the difficulties in donning will effectively 
increase. 

Figure 5.1 NASA and MIT are in 
collaboration with the Italian company 
Dainese for the development of a “BioSuit” 
based on the MCP and distances of non 
extension, distance within the body whose 
length do not change during movements that 
can be used as anchor points. 
[RD 26]. The model in the picture is using 
motorcycle gloves and boots, just as a 

display of the entire system. 
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Mass budget estimation 
The Space Activity Suit developed in the ’70 had a mass of 24 kg with the following equipment: 
[http://www.astronautix.com/craft/spaysuit.htm]  
 

- Slip Layer 
- Helmet bladders restraint garments x2 
- Arm balance layer 
- Full MCP layer 
- Girdle for the torso x2 
- Gloves pads 
- Foot covers  

 
An improvement in materials is considered, leading to a 15 kg suit mass (TBD).  The TMG1 
considers a 2 layer orthofabric external cover, 5 layers of reinforced aluminised Mylar, and 
Neoprene coated Ripstop TMG liner [Shuttle spacesuit: fabric/LCVG model validation, Wilson 
2003]. Other ancillary items are: 
 
 

Table 5-2 MCP mass budget 

 

EVA Element  
Mass 
[kg] 

Suit 15 
Helmet/EVA visor 
assembly 3 
TMG 3 
EVA boots 2 
Liquid cooling garment 2 
TOTAL 25 

                                                 
1 Assuming an average sized European male, 176 cm, 70 kg with a surface area of 1,85m2 (Du Bois formula, 1916) 

http://www.astronautix.com/craft/spaysuit.htm
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PRO    CONS     NOTES 
Table 5-3 MCP evaluation criteria  
 

Criteria impacting 

selection of EVA system 

Priority for the 

lunar env. 

Requirement fulfilment notes 

Reliability High This solution has never been extensively tested. 
It needs further development. 

Glove/arm mobility High Gloves and arms have a very good mobility. 
Leg/torso mobility High Good leg mobility. Torso needs further 

investigation. 
Cost  Low Cost effective once developed. 
Bulk Low Bulk reduced to minimum. 
Robustness High Robust solution, with maintenance. Further 

investigation needed. 
Maintainability High Best Solution. Entire system easily replaceable. 

Pre-breath ops Low Bad solution. If minimum pressure ensured, 
pre-breathing required. Pressure TBC 

Donning Low Donning can be problematic for a full body suit. 
Thermal control  High Further development required. Chameleon tech 

applicable. 
Dust contamination/control  High MCP garment not sensible to dust. TMG layer 

dependent. 
Weight distribution High Main weight portion on PLSS backpack. 

Chameleon tech would balance the suit. 
Radiation protection High TMG layer dependent. 
Puncture resistant High Puncture damage will be circumscribed. 
Gaseous leakage High Leakage circumscribed to helmet assembly.  
PLSS mass/volume High Reduction in pressurizing elements. 
Anthropomorphic sizing  Low Easily adaptable to different sizes  
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5.2.2 Pressurized Suit 

 
All the space suits that have flown in space are pressurized ones. The main research effort has been 
concentrated in this field and the most used present ones (Orlan, EMU) are the result of a 
development that lasted more than 40 years. This technology results to be extremely reliable, 
however many important changes are needed to convert an actual µ gravity suit to a long lasting 
planetary one.  
 
 
 

5.2.3 Soft suit  

 
A soft pressurized suit is the one that was chosen 
for the Apollo programme. It basically consists of 
an all body soft garment that then is pressurised 
according to the desired pressure (in the case of the 
Apollo missions it was 26.66 kPa). The only rigid 
element is the helmet, and the backpack is directly 
attached to the back. A problem that has been 
encountered with the use of this suit is the 
conservation of volume during movements. When 
kneeling and bending over, in order to compensate, 
other parts of the suit got more inflated and 
deformed, and the spring back from a bent position 
was quite pronounced. Low pressures are therefore 
preferred for this configuration type. 
 
The most recent prototype of a soft suit is the D-1 
Space suit, that incorporated minimal bearings and 
the outer restraints are made form a very thin 
lightweight fabric. The mobility is not very high, 
but some comfort advantages are recognised when 
used in conjunction with rover type vehicles. The 
weight is extremely light: 12 kg exclusive of 
auxiliary items: helmet, gloves and TMG cover.  
[HS advanced EVA] 
 
Table 5-4 Soft suit mass budget 

EVA Element  Mass 
[kg] 

Suit 12 
Helmet/EVA visor 
assembly 3 
TMG 5 
EVA boots 2 
Liquid cooling garment 2 
TOTAL 24 
 

Figure 5-2 Apollo full Soft Suit on the lunar Surface. 

[NASA] 
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PRO    CONS     NOTES 
 
Table 5-5 Soft suit criteria evaluation 
 

Criteria impacting 

selection of EVA system 

Priority for the 

lunar env. 

Requirement fulfilment notes 

Reliability High Well known technology. 
Glove/arm mobility High Glove sensibility low and arm mobility 

requirements met. Muscular fatigue can be high 
even at low ops. pressures. 

Leg/torso mobility High Req. met for the leg. Torso motion difficult. 
Muscular fatigue can be high even at low ops. 
pressures. 

Cost  Low Costs contained. 
Bulk Low Assembly will be bulky. 
Robustness High Robust solution with maintenance.  
Maintainability High Complex maintenance. Design dependent 
Pre-breath ops Low Low pressure needed to avoid ballooning, long 

pre.breath time. 

Donning Low Good solution. Design dependent 
Thermal control  High Well known existing technology. Chameleon 

tech applicable. 
Dust susceptibility High Abrasion sensible. TMC dependant  
Weight distribution High Main weight on the PLSS backpack. 

Chameleon tech would balance the suit. 
Radiation protection High TMG dependant. 
Puncture resistant High Puncture could lead to catastrophic situations. 
Gaseous leakage High Could affect EVA duration 
PLSS mass/volume High Design dependant 
Anthropomorphic sizing Low Adjustable  
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5.2.4 Hybrid Suit HUT- soft limbs 

 
This hybrid combination of suits 
resulted to be the most successful which 
nowadays is used on the Orlan and the 
EMU suits. The hard upper torso (HUT) 
is a very good pressure load restraint to 
avoid ballooning effects, gives a solid 
support to the backpack and the helmet 
while the soft limbs allow the 
crewmember to move. The HUT is also 
an active part of the pressure and life 
support system. 
The advantage of this type of Suit is the 
use of a well-developed technology that 
will limit development risk and cost.  
This suit can be easily used at a pressure 
range that varies between 29.6 kPa 
(EMU) and 50 kPa (ESSS). 
Nevertheless, HUTs are expensive to 
manufacture and because of the rigid 
nature they result to be uncomfortable 
after extensive use in a gravity environment [RD-31], and have the need of being designed in 
different sizes to fit a quite wide portion of the population. The mobility performance must be 
improved for planetary applications and the maintenance characteristics are still quite demanding. A 
more modular and simpler approach is needed to develop some exploration suits of this kind. 
 

Table 5-6 Hybrid HUT- Soft limbs mass budget 

EVA Element  
Mass 
[kg] 

Suit 10 (TBC) 
HUT 10 (TBC) 
Helmet/EVA visor 
assembly 3 
TMG 5 
EVA boots 2 
Liquid cooling garment 2 
TOTAL 32 

 

Figure 5-3 Russian Orlan M- HUT with back entrance and 

soft limbs. [Zvezda] 
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PRO    CONS     NOTES 

 
Table 5-7 Hybrid HUT- Soft limbs criteria evaluation 
 

Criteria impacting 

selection of EVA system 

Priority for the 

lunar env. 

Requirement fulfilment notes 

Reliability High Well known technology.  
Glove/arm mobility High Glove sensibility low and arm mobility 

requirements met. Muscular fatigue can be high 
even at low ops. pressures. 

Leg/torso mobility High Req. can be met for the leg. Torso motion 
difficult. Muscular fatigue can be high even at 
low ops. pressures. 

Cost  Low Expensive HUT assembly. 
Bulk Low Assembly will be bulky. 
Robustness High Robust solution with maintenance.  
Maintainability High Complex maintenance. Design dependent 
Pre-breath ops Low Design choices dependant. 

Donning Low Good solution. Design dependent. 
Thermal control  High Well known existing technology. Chameleon 

tech applicable. 
Dust susceptibility High Abrasion sensible. TMC dependant 
Weight distribution High PLSS weight counter balanced by HUT TBC. 

Chameleon tech would balance the suit. 
Radiation protection High Hard torso gives more protection to the body’s 

vital parts. 
Puncture resistant High Puncture could lead to catastrophic situations. 
Gaseous leakage High Could affect EVA duration. 
PLSS mass/volume High Design dependant. 
Anthropomorphic sizing Low Various Torso sizes needed. 
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5.2.5 Hybrid Suit HUT- Soft limbs- MCP 

gloves 

 
This approach is one of the last developments of the EMU 
glove- suit interface. Honeywell has developed MCP 
gloves that can be used with an EMU suit; the advantage 
will be that the sensibility and mobility of the hand is 
greatly increased by 4 times in performance. This will 
represent an improvement in the ability of the crewmember 
to perform some manual work, but the general mobility 
problems due to a pressurized suit still remain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5-8 Hybrid HUT- soft limbs – MCP gloves mass budget 

 

EVA Element  
Mass 
[kg] 

Suit (gloves included) 10 (TBD) 
HUT 10 (TBD) 
Helmet/EVA visor 
assembly 3 
TMG 5 
EVA boots 2 
Liquid cooling garment 2 
TOTAL 32 

Figure 5-4 Prototype MCP glove testing at 
NASA JSC, [Murray Waldie ‘05] 
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PRO    CONS     NOTES 

 
Table 5-9 Hybrid HUT- soft limbs – MCP gloves criteria evaluation 
 

Criteria impacting 

selection of EVA system 

Priority for the 

lunar env. 

Requirement fulfilment notes 

Reliability High Well known technology. Some more testing 
needed for the gloves. 

Glove/arm mobility High High glove sensibility, arm mobility 
requirements met. Muscular fatigue can be high 
even at low ops. pressures. 

Leg/torso mobility High Req. can be met for the leg. Torso motion 
difficult. Muscular fatigue can be high even at 
low ops. pressures. 

Cost  Low Expensive HUT assembly. 
Bulk Low Assembly will be bulky. 
Robustness High Robust solution with maintenance.  
Maintainability High Complex maintenance. Design dependent 
Pre-breath ops Low Design choices dependant. 

Donning Low Good solution. Design dependent. 
Thermal control  High Well known existing technology. Chameleon 

tech applicable. 
Dust susceptibility High Abrasion sensible. TMC dependant 
Weight distribution High PLSS weight counter balanced by HUT TBC. 

Chameleon tech would balance the suit. 
Radiation protection High Hard torso gives more protection to the body’s 

vital parts. 
Puncture resistant High Puncture could lead to catastrophic situations. 
Gaseous leakage High Could affect EVA duration. 
PLSS mass/volume High Design dependant. 
Anthropomorphic sizing Low Various Torso sizes needed. 
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5.2.6 Hybrid Suit Semi Rigid upper torso- MCP limbs 

 
A further solution would be a pressurised semi rigid upper and lower torso with limbs made with 
MCP technology. This will resolve most of the donning problems, giving that only the limbs must 
wear MCP garments and will resolve the pressure differential that could appear in some zones of 
the human body, such as the male groin and the armpits, which are difficult to pressurize with a 
garment. The suit will present some advantages in terms of mobility, given the higher freedom of 
movements and weight, since some significant parts of the body will not have to be pressurized. 
This will also enhance the safety parameters in terms of puncture and tear failure, since the parts of 
the human body that are more exposed (knees, arms and hands, in case of a fall to the ground) will 
be covered by a MCP garment that is less sensitive to this type of damage.  
 
Some problems could appear in terms of leakage, since it will be a design difficulty to isolate 
efficiently parts of the body in a pressurized environment. Pressure must be ensured to remain 
constant, in order to guarantee natural distribution of fluids. 
 
 
 
 
 
 
 
 
 

Table 5-10 Hybrid Semi rigid UT – MCP limbs 

 

EVA Element  
Mass 
[kg] 

Suit  7 (TBD) 
RUT 8 (TBD) 
Helmet/EVA visor 
assembly 3 
TMG 4 
EVA boots 2 
Liquid cooling garment* 2 
TOTAL 26 
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PRO    CONS     NOTES 

 
Table 5-11 Hybrid Semi rigid UT – MCP limbs criteria Evaluation 
 

Criteria impacting 

selection of EVA system 

Priority for the 

lunar env. 

Requirement fulfilment notes 

Reliability High Well known technology around torso and tear 
resistant limbs protection. Some more testing 
needed for the MCP. 

Glove/arm mobility High Good solution. Gloves and arms have a very 
good mobility. 

Leg/torso mobility High Good leg mobility. Given the semi rigid torso, 
mobility should be ensured. 

Cost  Low Low cost for limbs. Torso manufacture costly.  
Bulk Low Limbs bulk will be reduce to the minimum, on 

the torso should be reduced. 
Robustness High Robust solution with maintenance. Pressure 

equalisation must be ensured. 
Maintainability High Good limb maintenance. Torso since separate 

part is easily accessible. 
Pre-breath ops Low Internal pressure can be raised TBC. Further 

investigation needed. 
Donning Low Simplified MCP donning. Donning time might 

be increased. 
Thermal control  High Well known existing technology for torso. 

Chameleon tech. applicable. 
Dust susceptibility High Abrasion sensible. TMC dependant 

Weight distribution High PLSS weight decreased. RUP and chameleon 
tech would balance the suit. 

Radiation protection High Hard torso gives more protection to the body’s 
vital parts. 

Puncture resistant High Zones more exposed to puncture and abrasion 
rupture are covered with a MCP layer.  

Gaseous leakage High Jointure between MCP and pressurised volume 
could be difficult. 

PLSS mass/volume High Lack of full body pressurizing elements  
Anthropomorphic sizing Low Various Torso sizes needed. Limbs easily 

adaptable. 
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5.2.7 Hard Pressurized Suit 

 
Since the mid 60s hard suit prototypes have been studied. 
Hard suits are formed by a whole metallic enclosure using 
stovepipe principals for the joints. They present some 
interesting properties:  
 

- It is possible to use them at atmospheric 
pressure and given the rigid nature, the 
conservation of volume is ensured;  

- The outer shell will be resistant to puncture and 
more resistant to abrasion;  

- Thermal and radiation protection are enhanced; 
- Donning and doffing operations are easily 

performed; 
- Low leakage. 

 
Some disadvantages are: 
 

- Mobility is restricted; 
- Maintenance is harder; 
-  The need to be designed in different sizes to 

fit; 
- Sensible to lunar dust (Clogging of 

mechanisms); 
- Uncomfortable to wear (require additional 

internal padding); 
 
 
 
Suit mass 23 kg (AX-5 suit) [astronautix.com] 
 

Table 5-12 Hard Suit mass budget 

EVA Element  
Mass 
[kg] 

Suit (helmet, boots 
included) 23 
TMG 5 
Liquid cooling garment* 2 
TOTAL 30 

 

 

Figure 5-5 AX-5 Hard Suit, [NASA] 
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PRO    CONS     NOTES 
 
Table 5-13 Hard Suit mass budget criteria evaluation 
 

Criteria impacting 

selection of EVA system 

Priority for the 

lunar env. 

Requirement fulfilment notes 

Reliability  High Good resistant outer materials.  
Glove/arm mobility High Requirements are met. 
Leg/torso mobility High Requirements are met. 
Cost  Low High costs 
Bulk Low Assembly will be bulky.  
Robustness High Very robust in terms of shock, abrasion and 

wear resistance. 
Maintainability High Demanding maintenance. Spares occupy large 

volumes. Internal surface easy to cleanse once 
disassembled.  

Pre-breath ops Low There is the possibility of no pre-breathing ops. 
Donning Low Very simple to don-doff. 
Thermal control  High Well known existing technology. 
Dust susceptibility High Junctures very sensible to dust. 
Weight distribution High Weight spread around the body. 
Radiation protection High Very good protection. 
Puncture resistant High Puncture possibility is very limited. 
Gaseous leakage High Leakage very contained.  
PLSS mass/volume High Design dependent 
Anthropomorphic sizing Low Need for different suit’s element sizes.  
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5.3 Assessment 

 
Following the analysis of the various space suit solutions, a weighting factor has been assigned to 
each criterion in order to standardise the trade-off results. The requirements have been grouped in 
order to assess an appropriate weighting factor. Criteria that are in intersections have higher 
weighting factors compared to the to the other ones. The Maintainability criterion, being placed in 
the Cost and Operation section and being considered as crucial for the selection has a higher 
weighting factor. The mobility criteria (5-6) have been considered as well as crucial and therefore a 
higher weighting factor was assigned to them.  
Each criterion will be marked with a range that goes from 1-5, where 5 is considered as the best 
match to the requirements. The total result will then be with a maximum of 100 marks. 
 
 
 
 
 
 

 
   

Figure 5-6 Trade parameters weight determination: parameters as defined in table 4 below.  Trade parameters are 
considered  
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Table 5-14 Trade off assessment 

 
Criteria impacting selection of EVA 

system 

W.F. MCP Soft 

Press. 

HUT-

soft 

HUT 

soft 

MCP 

RUT 

MCP 

Hard 

1 Reliability 15% 4 5 5 5 4 5 

2 Safety 13% 5 4 4 4 5 5 
3 Robustness 10% 5 4 4 4 5 5 

4 Maintainability 10% 5 3 3 3 4 2 
5 Glove/arm mobility 8% 5 3 3 4 5 4 

6 Leg/torso mobility 8% 4 2 2 2 4 4 
7 Radiation 5% 2 2 4 4 4 5 

8 Gaseous leakage 5% 5 2 3 3 4 5 
9 Dust contamination/control 5% 4 3 4 4 4 2 

10 Weight distribution 5% 2 2 3 3 3 4 
11 Comfort/ Muscular fatigue 5% 4 1 1 1 3 1 
12 Donning 4% 1 4 4 4 3 5 

13 Pre-breath ops 4% 2 2 3 3 2 5 
14 Anthropomorphic sizing 2% 4 2 2 2 4 1 

 TOTAL out of 100  81.2 63.4 69.2 70.8 81.8 80.4 
 

 
 
 
 
According to the results there is no clear winner, but the solutions that appear to have the best 
requisites are the MCP, the hybrid Semi RUT-MCP combination and the Hard suit, which would all 
be new and alternative solutions to the present suit technology.  
 
The trade-off, being a relative one, has naturally a level of uncertainly, that could be considered as 1 
mark per criteria. This gives a total of 20% uncertainty to the final result. 
 
Given the fact that extensive studies have already been conducted on MCP and Hard suits and that 
from the result of the trade-off the Semi Rigid upper torso with MCP limbs satisfy the requirements 
more, the next part of the study will focus on the feasibility of this design. 
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6 Concept analysis 

 

6.1 The lunar environment 

 

 
 
 
 The surface of the Moon presents a high 
variation in surface temperatures that go from ~ 
400° K of the equator to about 40° K of some 
perpetually shaded crater (in some double 
craters only a few Kelvin). The picture on the 
side presents maps the temperature variation in 
longitude, and picture a variation in latitude. 
Given that there is almost continuous light that 
should characterise the preferred location on the 
South Pole, Lunar night should not be 
considered as a problem. Expeditions to the non 
illuminated side could as well be considered, 
and the operability of the suit in such an 
environment is part of the requirement .(MIS- 
GE- 40, Appendix A). 
 
 
 

 
 
The temperature change from noon to 

sunrise in the low and mid latitude is of about 300K. Many parameters need to be taken into 
account for thermal analyses, among others: 
 

- The diurnal cycle and its day/night distribution (illumination pattern during one lunar day, 
27 earth days)  

- The seasonal cycle 
- The local topography, particularly the altitude and the slope, as well as the topography of the 

surroundings 
- The possible partial obscuration of the solar disk 
- The lunar soil properties (density, conductivity, etc.) and their variation with depth 
- The Moon internal heat dissipation 
- The crater type and geometry (if applicable) 
- The latitude and the longitude 

 

Figure 6-1: Lunar temperature distribution ° C as a function of longitude  
[RD - 32] 

 



EVA Systems For Planetary Exploration 

Simon Silvio Conticello 
Page 39 of 90  

 
Figure 6-1: Lunar temperature as a function of latitude on the near side [Moon Next] 

 

 
 
The Current EVA systems are designed to operate at a temperature range between 400° K and 113° 
K, and the Apollo suits were designed for a temperature range between 427 and 94 K. 
 
In order to be able to be operated in lunar craters and to comply with requirements MIS-GE-20, 
MIS –GE-30 and MIS-GE-40 (Appendix A), the space suit system shall operate between the lowest 
and the highest temperature recorded. 
 
In the lunar environment radiation (given the absence of an atmosphere, and therefore conduction 
and convection) is the most important mechanism influencing the thermal system. An EVA system 
shall, as a result, be insulated from the highly radiated heat on one side and the low temperatures 
from the other.  
 
 

6.2 Lunar Dust 

 
Another characteristic of the lunar environment is the composition of the soil. Product of more that 
4 billion years of impacting meteoroids, the entire surface of the Moon is covered by a layer of 
regolith, which is fragmented and unconsolidated rock material fine grained in nature. From a 
scientific point of view, the information contained in those grains is very valuable, since not only 
they contain information on the development of the Moon evolution, but also records of the 
composition of the early history of the Sun and nature of cosmic ray particles from beyond the solar 
system. They also contain information about the rate at which meteoroids and cosmic dust have 
landed on the Moon, and consequently Earth. [New views of the Moon] 
 
Unfortunately one of the unexpected findings of the Apollo missions was how troublesome the dust 
was. It obscured the field of view during landing, it clogged mechanisms and it resulted to be very 
abrasive on the EVA system’s exterior layer. After an 8 hour sortie the suit resulted to be worn out 
at the same level of 100 hours use on the training suit and during Apollo 12 and 17 by the end of the 
operations the boot was worn out until the outer layer of the Mylar insulation; one or two additional 
EVA sorties would have resulted in the failure of the EVA system. 
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Electrostatically adhering dust has more harmful effects:  
- viewing obscuration, scratching of the visor and panel surfaces; 
- wear and consequent blocking of the suit’s joints; 
- damage on the suit’s seals; 
- changes in the outer layers absorption- emission properties; 
- changes in electrical conductivity which can affect the electrical and communication 

systems. 
 

 

6.3  Radiation Environment 

 
Being outside the Earth’s magnetic field, and not having its own one nor an atmosphere, the Moon 
is simple set in a shower of radiation, Solar wind, Solar Cosmic rays and Galactic cosmic rays that 
are composed of particles such as electrons, protons, photons, and heavy ions. 
 
The energy of the particles varies greatly, from 0,3 keV/nucleon for the solar wind, to 10 
GeV/nucleon for GCR In extreme cases like Solar Particle Events only a safe haven on board a 
lunar vehicle or a lunar base would offer sufficient protection for any crewmember involved in 
ground operations. Continuous monitoring of the solar activity from ground will be necessary in 
order to provide the crew sufficient time to reach a safe location. 
 
 
Table 6-1 Major ionising radiation on the lunar surface [Moon Next] 
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6.4 Current EMU TMG layer 

 
The current US Extravehicular Mobility Unit presents on the external layer a TMG (Thermal 
Micrometeorites Garment)  that protects the crewmember and the internal layers of the suit 
assembly by the external extreme temperatures and the puncture that could be caused by 

Micrometeorites.  
 
The outer layer is made of Ortho-fabric 
which is composed of a woven surface of 
Goretex that is meant to protect from 
external abrasion while under the Goretex 
there is a layer of Kevlar and Nomex that 
shall provide resistance against the 
mechanical wear and tear. This fabric is 
provided as well of electrical conductive 
fibres to prevent from electrostatic 
dispersion and other electrical discharges. 
In addition the orthofabric is coated with 
Teflon- FEP or silicon, to protect the 
system from the chemical interaction of 
spacecraft fuels.  
  

 
 
The following layer represents the thermal insulation of the system. A Multi Layer Insulation of 
Aluminised Mylar is used. Mylar insulation is formed with  a minimum of 5 layers of material, to 
block the incoming thermal radiation (for a 2.2 m2 suit), of which the inner and the outer layer are 
thicker by a ratio of 10:1 with high emissivity and very low absorptivity. The inner layers are 
aluminized on only one side so that the Mylar can act as a low conductivity spacer. This insulation 
works very well in vacuum and has been very effective for lunar and microgravity environments.  
 
The following layer is a Ripstop Nylon one, a commercially used inter-woven material with high 
tensile strength and lightweight characteristic. This specially engineered fabric in the eventuality of 
a puncture would stop any consequent rip. The neoprene coating contributes to strengthen this layer, 
which represents the actual micrometeorites protection, to avoid that the underneath layer 
undergoes a loss in the pressure restraint capability. This task is accomplished by a Dacron Bladder, 
which limits the expansion and the ballooning effect due to the internal pressure. 
  
 
 

Figure 6-3 Cross section of EMU materials [Eckart SLSB] 
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6.5 Pressure enclosure system 

 
 
The concept that is going to be analysed will be composed of a pressurised rigid upper torso 
connected to mechanical counter pressure limbs enclosures.  
 
Analysing some footage from the Apollo era, it can be seen how the all pressurized suit affects the 
astronauts’ performance. The astronauts hop on the surface because of the limited mobility and the 
spring back of the suit while bending over and bending the limbs is rough and could represent an 
issue, especially in operations where the crewmember needs to recover from an emergency situation 
like rising up from a fall. Conservation of volume is a very important feature to guarantee the suit 
ease of movement and comfort.  
 
A research conducted by the NASA Ames centre interviewing the astronauts from the Apollo 
missions with the purpose of identifying EVA system requirements for Lunar or Planetary missions 
concluded that the bulk and mass was an area that required improvement. Numerous references 
were given to the need of wearing the suit closer to the body in order to reduce the inertia involved 
in standing, stopping and changing direction.  
 
Some recent studies on MCP technology [Reddig, Tanaka 2003] concluded that this method is able 
to offset negative ambient pressure and maintain regional physiological status. 
 
The operational pressure needs also to be considered. With MCP the requirement OP-GE-03 (see 
Appendix A) stating that the minimum operational pressure of 25,3-26,7 kPa, can be fulfilled. 
Further investigation on MCP with dedicated tests is needed to assess whether the operational 
pressure requirements and consequently the pre-breathing requirements are met. For the following 
concept an operational pressure of ~30 kPa is considered. 
 
 

 

 

6.6 Structure of the EVA system 

 
The EVA system will be composed of a number of elements.  

 
- the gas pressurised enclosure, actively controlled; 
- MCP pressure enclosure, passively controlled; 
- a rigid upper torso with flexible joints; 
- an Extra Vehicular Visor Assembly; 
- a TMG outer garment, to provide protection from environmental hazards, comprising the 

Boots; 
- a Backpack containing the Portable Life Support System; 
- Thermal Control System; 
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6.6.1 MCP limbs 

 
 
Recent studies have confirmed that MCP is a viable alternative to current gas pressurized suits [RD 
1]. However the enclosure technology, elastic or shape memories materials need to be further 
developed. Given the complexity of the shape of the human body, it is difficult to ensure a 
continuous and equal pressure uniformly distributed, keeping in consideration that the shape of the 
body changes while performing movements (flex- relax muscles). A pressure differential limit that 
does not create any discomfort or edema shall be identified. A conservative pressure differential of 
≤ 1.6 kPa is known not to cause any consequences but given the changes that the body is exposed 
to, a pressure differential between 1.6 and 5 kPa would be reasonable to consider [RD 1]. 
 
Not all the parts of the body are equally compressible. The knee and the shin present concavities 
and directly exposed bones. The area of the knee is a quite delicate one where the morphology 
should be carefully analysed not to have a big impact on the overall mobility. Solutions like a layer 
of gel could be applied to balance the modification due to flexion- extension of the knee; this could 
also be applied to the entire enclosure so that shape can be changed with muscles contraction while 
volume and pressure are preserved. 
 
The MCP garment shall have different compression rates, different pressuring material, different 
layouts according to muscle, bone and joint patterns in order to fit perfectly to the body. Different 
tissues act in different ways under mechanical pressure. Bone for example is difficult to keep under 
pressure. Fat is more compressible than muscle tissue, consequently the radius of the limb can 
decrease significantly after some exposure time, diminishing the total exerted pressure and 
presenting some decompression symptoms as discomfort, pain, edema. Female tissues contain a 
higher concentration of subcutaneous fat, implying that particular care needs to be taken in their 
regards to guarantee the necessary pressure. The calibration of the pressurising enclosure is 
calculated based on the radius of the limb at atmospheric pressure. This means that the MCP 
garments need to be customised to the wearer. A range of sizes could be established considering the 
length and the radius of the limb and gender of the wearer. 
 
For ease of donning and in order to provide sufficient comfort a comfort layer could be used 
underneath the MCP garment. This will avoid direct skin contact with the woven fabric or the 
polymer surface (depending on the selected material) preventing eventual irritation/discomfort. 
 
The MCP will cover the arm from the hand to the mid- 
upper humerus, and the leg from the foot until the mid –
upper part of the thigh. The MCP will then be connected 
to the pressurised part of the system. To avoid having 
connection zones within the MCP layer, the limbs layers 
will be constituted of a single part. This could represent 
a problem during donning, but ensuring that the friction 
coefficient between the comfort layer and the MCP is 
very low, or with the aid of some lubricant gel the 
donning procedure can be quickly performed.  
 
Possible technologies that can be applied as MCP 
enclosures, apart from elastic / tight un-expandable 
garments are Shape Memory alloys [RD 2]. These 
materials remember a certain shape, in which they can Figure 6-4 Shape Memory Alloy concept,               

[NIAC report 2001] 

 



EVA Systems For Planetary Exploration 

Simon Silvio Conticello 
Page 44 of 90  

return or they can lose with the use of heat, electrical current, pressure, skin’s pH or other stimuli. 
These new technologies can facilitate the donning procedure and could result as a more robust with 
less maintenance solution; the polymer layer will also provide a better sealing in the MCP-
pressurised gas connection, increasing reliability and performance of the entire system. 
 
One restriction on these solutions is the thickness of the garment: to not obstruct movements and 
limit bulkiness the thickness should be between 0.5 and 1 cm; a thickness lower than 0.5 cm would 
result in an easily breakable enclosure. [RD 1] 
 
The main constraint for the application of this technology is the need of innovative material 
technologies that will facilitate donning and doffing. Only when those will be developed this 
concept, which is a perfectly valid one, could be validated completely. 

 

6.6.2   Rigid Upper Torso 

 
The concept consists of a combination of rigid and flexible parts, in order to combine the properties 
of a hard and a soft torso. The scope of a Semi Rigid Upper Torso is to guarantee a wide range of 
movements to the crewmember, in order to facilitate the activities that have to be carried out during 
an EVA sortie, to increase the radiation protection for the most vital organs, to provide a stiff 
support for the backpack and the helmet and to control ballooning of the pressurised compartment 
and direct it towards the reserved areas. The flexibility of the torso will also guarantee  alterations 
that would facilitate the donning - doffing procedures and modifications in size for a wide range of 
anthropometric profiles. One of the reasons of the use of the soft suit for the Apollo astronauts was 
that the suit was used as an Inter Vehicular Activity one and therefore it should have guaranteed a 
certain level of comfort. The Apollo astronauts were using as well an Un-pressurised Lunar Rover, 
for which is required a sitting position. Being able to comply to both tasks with the support of a 
rigid torso would be an advantage. 
 
There are various solutions that could be considered in order to accomplish the semi rigid concept. 
One method would be to integrate the flexible and the rigid materials together in the same 
component. This would result in a complex manufacture product and is relatively complex in terms 
of maintenance. Depending on the manufacture and assembly method, it could imply a higher 
leakage flux.  

 
Another method could be to have two separated 
parts: a completely soft pressure enclosure and 
an upper body rigid plate to wear on top, that is 
not an active part in the pressurizing system and 
that would resemble the protection gear used in 
some sports such as motocross or hockey. This 
would be a considerable advantage in terms of 
maintainability and size regulation, since the 
hard plates would hardly suffer any wear and 
tear, while the soft component could be easily 
substituted.  
.  
 

 

Figure 6-5 Visual representation of the Rigid Torso 
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The mobility that the suit shall provide is the one expressed in the mobility requirements in the ESA 
Lunar EVA Requirement document; the upper torso shall allow a comfortable sitting position while 
driving an un-pressurised vehicle or while being in a pressurised one, leaving the option opened to 
use the EVA system as an IVA one as well. 
The rigid components of the Rigid Torso assembly are:  
 

- a front sternum- rib cage protection; 
- a back spine and back rib cage protection, with the connections for the backpack; 
- a helmet connection (connected between the front and back protections) 
- a clavicle adjustable connection between the front, back and shoulder protections; 
- a shoulder protection, that covers from the humerus head until the mid lower humerus; 
- lateral rib cage protections, in order to offer as much radiation protection possible to the 

upper chest organs; 
- a side connection for the lateral protection and the back and torso ones. 

 
Just under the back protection an active inflatable – deflatable pocket like volume could be installed 
in order to provide conservation of volume to accompany and not impede the astronaut’s 
movements, placed in such a way that is of no discomfort, just under or between the backpack and 
the astronauts’ body. 
 
In terms of anthropometric sizing, the rigid component shall be of an adjustable standard size, easily 
adaptable to a wide range of people, while the soft enclosure could be manufactured in a range of 
sizes capable of being fitted by the required population.  
 
EVA crewmembers have incurred  shoulder injuries while training with the HUT (Hard Upper 
Torso). This is because the weight of the torso was concentrated on the shoulder harness that kept it 
in place. Long operations in a low gravity environment could bring discomfort in the long run. The 
Rigid Torso, being placed above the soft pressurised enclosure would have a minor impact of the 
crewmember’s comfort. Being more ergonomically shaped than the present EMU one, its weight is 
distributed on a larger area and the soft liner would act as further padding. 

6.6.3 Mobility Issues 

 
One of the main benefits of this system is to combine the advantages of the MCP concept (mobility, 
dexterity, sensibility) to the ones of the well known Pressurised technology (equally distributed 
pressure) overcoming some of the disadvantages of both systems (Donning for MCP, leakage for 
Pressurised).  
 
The Semi Rigid Torso will have to interface with the MCP enclosure that covers the limbs, and 
must provide the necessary mobility. According to the NASA standard 3000 a suited member must 
be able to move as stated in requirement MB-GE-02 with the necessary torso rotary movement 
about the vertical axe during walking to accompany the movement of the pelvis. This movement, as 
well as the shoulder and the upper thighs’ one shall be ensured by the soft pressurised enclosure. 
 
The areas of most interest are the shoulders that have freedom around 3 axes, the abdomen and the 
hip joints, with respectively 2 and 3. For this purpose in present suits some solutions as the Flat 
Pattern Joint are applied, that are all all-fabric joints made from conical and flexible pressure 
bladders. Those types of joints have been used for the Russian Orlan, the American EMU and then 
extensively used on the European EVA suit 2000 for the waist, hip, knee, ankle and elbow joints. 
The flat pattern joint is able to provide a wide mobility range. 
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When the crewmember moves, the internal 
radius material compresses and the external 
one stretches, in this way the volume that is 
lost in compression is given by the increase in 
volume by the opening of the excess fabric. 
The pressure bladder is surrounded by two 
sheets of patterned restraint fabric for the 
compression and the tensile side. The sheets 
are stitched on the neutral axis, and folded into 
perpendicular and longitudinal patterns: on the 
compression side the patterns roll over, on the 
tensile side the patterns balloon due to excess 
of material.  

 
 

 

6.6.4 Radiation issues 

 
In future missions to the Moon EVA will be one of the mayor activities and radiation exposure it is 
going to be a mayor issue, given the low protection that EVA system can offer. 
 

Not all the human tissues are equally sensitive to radiation. 
Living cells can be classified according to the reproduction 
rate. Cells that regenerate themselves continuously need to 
have the correct and unmodified DNA code and therefore are 
more sensitive to radiation such as blood producing organs 
like bone marrow. Others tissues that have a slow reproduction 
rate, on the contrary are “less sensitive”. However, ionising 
radiation presents serious damage to cells that react producing 
toxins, abnormal cell division and in certain situations death. 
 
The TMG provides a very low radiation protection level, in the 
order of 2.4 equivalent H2O mm, able to stop until 14.4 MeV 
for the Orlan [Cucinotta 2003]; further protection can be 
offered by the rigid upper torso layer on those parts more 
sensible to radiation. Radiation will arrive in omnidirectional 
patterns from a complete spherical angle. The backpack will 
provide enough shielding from behind as direct protection for 

the vertebral column. The rigid plate placed on the thorax will protect the sternum and the upper 
torso organs and the lateral part of the chest will be shielded by the side protections. The Head will 
be shielded by the EVVA. This will contribute to keeping the exposure limits within the value of 
RAD-GE-01. 
 
 
 

Figure 6-7  Bone Marrow Generation 
Organs, © 2009 Nucleus Medical Art, Inc. 

 

Figure 6-6 European Flat Pattern joint arm for the EVA 
Suit 2000 (Harris 2001) 
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6.6.5 Interfaces with the MCP limbs’ and the torso enclosure 

 
The two systems need to be perfectly compliant to each other, first of all to guarantee a linear 
pression distribution around the body, and secondly to limit the leakage that the pressurised torso 
will imply. Given the difficulty in using a MCP garment around the armpits and the groin, it would 
be preferable to connect the two pressure systems on the upper part of the humerus for the arms and 
at the upper part of the femur for the legs. These areas are relatively straight, with an arm and thigh 
diameter relatively constant. The two systems can interface with each other having a transition zone 
as border. In this transition region there is coexistence between the MCP garment and the 
pressurised gas. Here the MCP layer presents a decrease in exerted pressure, being looser for ease 
of donning and comfort; the loss in pressure of the MCP garment is compensated by the 
compressed gas applied one. The pressure in the interface shall be monitored by sensors and some 
actuators valves on the interface – gas pressurised border. 
 

 

 
Figure 6-8 Layout of the MCP- Pressurised Gas interface. It consists of 2 male parts for the Pressurised Gas connection 

and 2 female parts for the MCP connection. 

 
The interface consists of 2 mating adaptors per section, A and B. Both the two sides of the 
pressurised gas junctions are male connectors, while the 2 MCP junctions are female ones. The 
MCP garment and the connections are meant to slip through the pressurised one and are both locked 
automatically. The process of locking- unlocking shall only be done inside the airlock, for security 
reasons. This method must be confirmed with some dedicated testing. 
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6.6.6 Donning  

 
The Hybrid Semi Rigid- MCP Suit will be worn much closer to the body than the typical 
pressurised suit.  
Considering an operational pressure of 300 hPa, and a cabin pressure of 700 hPa, a 2 hours pre-
breathing time for an R factor of 1.4 is required [NASA Standard 3000]. 
 
There are some steps in which the suit must be worn in. The MCP layers on the limbs must be worn 
before the pressurised torso, each limb at a time. According to the technology used, this could cause 
some discomfort given the fact that at the beginning of the procedure one limb will be subject to a 
much higher pressure (MCP + ambient pressure) than the rest of the body and at the end of the 
MCP donning procedure all the 4 limbs will be exposed to a higher pressure compared to the torso. 
This situation will only be temporary but it can cause some discomfort to the crewmember. The 
operation shall be done in the minimum required amount of time, and once the entire suit will be 
pressurized, no further problems should be encountered. 
 
A range of donning solutions were analysed and the one that resulted to be more appropriate 
considering the proximity of the suit to the skin, is the dual plane one (shuttle EMU like, 
pressurised volume divided into lower and upper torso) whose soft pressurised enclosures are 
connected at the mid abdomen level.  
 
The donning procedure continues with the entry in the lower torso assembly (soft pressurised 
volume that goes from the entry level until the upper thighs one, covered by the TMG until the 
boots bearings) during this action the MCP- pressurised connections on the thighs will lock. Once 
the crewmembers is in the lower torso the boot fittings can be worn; these are not worn before 
because of the thigh and calf bearings and to keep the TMG as close to the body as possible. Once 
the fittings are in place, the boot can be worn, the calf bearings locked and then a dedicated TMG 
protection on the bearings can be installed. 
 
The Upper torso assembly is outfitted with the pressurizing torso, the rigid torso worn over that, 
then the helmet and the backpack. The TMG covers the assembly until the wrist, where a ball 
bearing for the glove is placed. As for the thigh joints, the upper arm ones are locked when the 
MCP is slipped though them. Once the upper torso and the gloves exterior protection have been 
worn and the wrist and abdomen joints sealed, the pressurisation process can begin.  
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6.6.7 Gloves 

 

The actual EMU glove is basically an inflated structure, whose ballooning effect is counteracted by 
muscular strength. Even the latest version of the glove, despite the great improvement over the 
previous version (more comfortable and at least with twice the mobility), implies a notable effort to 
perform the various tasks. In the last years a new prototype of EMU glove has been tested which 
would take advantage of MCP technology to increase the mobility, reducing the bulk and the 
fatigue. 
 
The glove pressure enclosure for the MCP- Rigid EVA system will be comprised of the MCP one. 
A comfort layer is worn under to facilitate donning. A customised design for each crewmember for 
this part of the MCP and TMG cover is necessary for comfort and performances reasons.  
 
Regarding the glove TMG layer, which will be a separate element starting form the wrist, reducing 
the number of layers for thermal protection could increase sensibility and mobility. This is already 
done for the EMU glove, where the reduction in thermal protection is still adequate for the majority 
of EVA thermal in-flux situations. In the EMU glove the micrometeoroid protection is not present. 
In case of the planetary suit this will directly expose the thermal protection to the abrasion of lunar 
dust. A disposable and easily substitutable abrasion protection could be adapted as an outer layer.  
 
 

6.6.8 Boots 

 

Given the continuous direct contact with the lunar regoliths, the boots will suffer particularly from 
abrasion. One of the goals of enhancing the boots is to make the high wear areas last as long as the 
rest of the boots, or to make the boot an easily substitutable and maintainable part. 
The Apollo A7LB suit’s boots gave one degree of freedom, the same as the Soviet ones developed 
for their lunar programme. Those boot’s joints gave the crewmember an ankle flexion-extension 
movement range, just over the necessary one, enabling to move across the surface. The modern 
EMU and Orlan are equipped as well with one degree of freedom soft joints.  
Zvezda Future concepts introduce a two- degree joint that can provide pronation – supination to the 
ankles.  This further increase in the ankle mobility provides: 
 

- Stable position when translating and rotating on a slope; 
this increases by 10° the steepness of the slope if walking 
sideways towards the slope; 

- Increased stability when walking on a uneven terrain; 
- Increased comfort in driving an un-pressurised Lunar 

Rover. 
- Increase in lateral walking stability; while walking 

pronation – supination does not exceed 10°. It is 
important to limit this ankle to prevent dislocations.  

- Increased comfort in walking over the surface. 
[Ibramov 2001] 

 

Figure 6-9 pronation and supination 
movements, generally around 10°  
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The pressure enclosure for the feet is given by the MCP garment; therefore the boot assembly 
would be just part of the outside thermal and abrasion protection garment. The Apollo boot’s sole 
was made of a high strength Silicone rubber, while the outer layer was made by 2 layers of woven 
Teflon fabrics, as the rest of the TMG [Apollo 15-17, 1971]. According to Zvezda, the new 
generation of Orlan suits, Orlan- MKS, the outer layers will be a polyurethane one [RD 25] . Some 
of  high density Polyurethane foams of about 0,05g/cm3 are currently used as footwear outsoles. 
This polymer has very high abrasion resistance properties; it has been extensively used in the 
mining, concrete, transportation and boat manufacture companies. This kind of material is therefore 
suited as a sole- TMG garment.  
 
The boot, as the current EMU, can be outfitted with a size adaptable inner fitting. This padded inner 
bladder shall be tightened to the foot and fits perfectly in the boot. For ease of donning and 
maintenance the boot should be separated from the lower torso assembly at the calf level. A rotating 
bearing can be used to connect the two elements, providing a rotational movement to the feet. A 
layer of TMG shall cover this bearing to avoid that the lunar dust would interfere with the sealing 
and cause an increase in friction between the two parts. 
 
 
 

6.6.9 Helmet 

 

The helmet plays a fundamental role in the Space Suit assembly: it provides a life  sustaining 
environment and allows the crewmember to  interact directly with the surrounding environment.  
 

6.6.9.1 Pressure containment  

 
The helmet is composed of different elements: the backbone  is composed 
by the pressure containing shell, responsible to contain and provide the 
head and the neck of the astronaut with adequate pressure and a breathable 
atmosphere. This part  also represents  the structure where the other 
elements will be installed and must provide an adequate field of view. 
Current EVA suits and the Apollo ones are equipped with a hemispherical 
bubble, which represents a perfect solution given the simplicity of the 
design and the pressure and optical properties of a surface of revolution. 
For future EVA systems, an evolution of the EMU helmet would be a 
reasonable choice. Other possible solutions are being analysed and could 
consist of a conformal hard  back shell shaped to fit the astronaut’s head 
and a visor in the front. This could be fitted with an openable visor that 
would give the benefit of continue to breathe normally just until the 
beginning of the sortie or in case the EVA suit would be used as an IVA 
one [RD 10]. The possibility of having such a helmet design could have 
some drawbacks, as the design would be more complex because of the 
additional sealing required, pressure differential, and the different thermal 
expansion coefficients, the weight would increase thanks to the mechanical 
mounts, the pressure retaining and optical properties would be challenging. 
This kind of helmet would give good protection and would be well fitted in 
an emergency situation, but further development is needed.  

Figure 6-10 Artist view 
of a Bio Suit comprising 
a conformal EVVA 
[RD16] 
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6.6.9.2 Visor  

 
The absence of an atmosphere implies that the surface is 
exposed to the direct solar radiation, whether the Sun will be 
low on the horizon or at local midday. The future manned 
missions are being planned to be placed in the South Pole 
region, giving significant scientific and some logistical 
advantage. In those regions the sun will be low on the 
horizon creating long shadows that are not illuminated by the 
reflecting atmosphere and a strong glare for object being 
viewed in its direction. Given the high difference in 
luminosity while facing the sun and then looking at dark 
surfaces, it will take time, in the order of minutes, to regain a high resolution vision.  
 
The Apollo Lunar Extravehicular Visor Assembly consisted of a thermal cover, two visors and 3 
eye- Shades.  The inner protective visor was made of ultraviolet-stabilized polycarbonate plastic 
that filtered UV and rejected IR. The outer sun Visor was made of high temperature polysulfone 
plastic that filtered visible and most of the UV and IR wavelengths. The solar shield, as for the 
Shuttle EMU, is made of a thin gold layer. This visor provides the same degree of light attenuation 
for glare regions and shadows that could not be completely adequate given the Moon light 
conditions. [RD 9]  
 

Future EVA helmets could be equipped with a 
technology that facilitates direct viewing. This 
could be done using electrochromics as solar filter, 
which are currently used in the automotive industry 
for self  dimming mirrors. According to the energy 
source it reacts darkening the surface reducing 
incoming heat and light. The technology only needs  
a power source, that once connected will draw no 
power, to respond immediately darkening or 
bleaching the surface. This technology needs to be 
implemented since at present is applicable only to 
flat surfaces due to the complexity of coating and 
laminating and has an operation temperature range 
between -65° and 50° C. Another option can be the 
use of photochromic films, widely used in 
eyeglasses.  UV reactants are applied to the lens 
polymer and respond to the UV energy present in 
the light source darkening or bleaching the surface. 
The darkening process in obtained quite quickly, 

while the bleaching response is slower. They are easily adaptable to complex surfaces; however the 
operating temperature range is lower, 10°-35° C. [RD 10] 
 

Figure 6-12 LEVA http://history.NASA.gov/alsj/alsj-
LEVA.html 

 

Figure 6-11 Shadows on the Moon’s surface, 
 NASA records 

 

http://history.NASA.gov/alsj/alsj-LEVA.html
http://history.NASA.gov/alsj/alsj-LEVA.html
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6.6.9.3 Impact and acceleration protection 

 
In the past and current EVA helmet the impact protection has not been implemented. The future 
EVA systems, given the higher amount of work and dynamic motion actions that needs to be 
performed on the surface, will need further protection in case of low energy internal and external 
impacts (falling on the ground) and higher dynamic loads due to vehicle interaction. This could be 
solved using head mounted padding in addition to helmet internal mounted padding that should be 
non  obstructive limiting movements or FOV. Some neck immobilisation and padding can be used 
to prevent injuries caused by flailing. [RD 10] 
 
 
 
 

6.6.9.4 Telecommunication, Information and Navigation 

 
The use of displays to be aware of the position, vehicle and EVA system status in addition to a 
telecommunication system is very important during and EVA sortie. Current systems use earpieces 
with speakers that can be incorporated in the head cap and microphones positioned close to the 
mouth to provide good signal pick up and reduce inputs due to background noise. The internal 
space suit environment is quite noisy and hearing protection would be needed to dampen it. Helmet 
Mounted Displays (HMD) could be integrated in the helmet to provide positioning data, maps and 
checklist.  
 
 
 

6.6.9.5  Breath capture methods 

 
Some NASA concepts are being developed to capture the exhaled concentrated CO2 stream before 
if mixes with the rest of the suit’s atmosphere. The use of a fighter pilot type  breathing mask is 
disregarded, given the inadequacy that most of the astronauts expressed. The actual EMU uses a 
ventilation flow of 170 l/min that recycles the entire atmosphere of the suit. This value is sufficient  
not  to let the moisture  condense on the helmet and to guarantee a CO2 partial pressure (1 kPa at 
normal operations) that even at high metabolic rates (2 kPa at high metabolic rates) does not have 
any impact on the astronaut’s health and performance. A more efficient ventilation system operates 
where the contaminants are in high concentration, close to the facial area. This  task can be 
performed by a CO2- H20 breath collector device positioned in the lower part of the helmet. This 
system would have a greater impact on the overall life support- ventilation system that would be 
simplified (smaller fan, lower power requirements,) contributing to the reduction in mass PLSS. 
[RD 11] 

6.7 Operations 

 
 
The EVA system is designed to allow the crewmember to perform al the tasks according to the 
mission requirements.  
The maximum sortie time is 8 hours (6+2 h) during which the astronaut will have to perform 
physical work and where he still is subject to physiological needs. 
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6.7.1   Cooling system 

 
One of the requirements is the thermal balance in the suit to guarantee comfortable living 
conditions. Thermal balance is maintained matching metabolic waste heat generation and the 
system’s heat removal system. In present suits this is done through a liquid cooling system 
comprising  of a liquid cooling garment connected to an exchanger and sublimator where the excess 
heat is transferred to space. The sublimator is composed of a porous surface where the water freezes 
because of direct contact with the outside temperature; when the hot water from the liquid cooling 
garment arrives sublimates the ice, releasing heat in space. The water then refreezes blocking the 
pores. The cooling rate of the sublimator depends on the astronauts’ metabolic activity, the more 
heat is produced,  the more is evacuated. The body itself has physiological mechanisms to eliminate 
excess heat. These are the change in blood flow to the skin’s capillary and sweat rates. Different 
parts of the body have a different heat rejection capacity, being concentrated on the head, back, top 
of the shoulders, ribs, lower arms, inner thighs and calves. The head and the neck in particular have 
a rich vascular supply of blood and given the lack of vasoconstrictive innervation are continuously 
dilated. This area represents the 30-35% of the heat transfer. The area also presents  a large number 
of sensory receptors; therefore a cooling system acting here will give more comfort and cooling 
[RD 17]. 
 
The cooling system will have to take into consideration the dual nature of the pressurizing 
enclosure. An integrated liquid cooling tubing system could be connected between the gas 
pressurised and MCP regions. This would require the presence of an additional garment that can be 
separated in two parts: one that is worn over the torso and covers the entire surface that will be gas 
pressurized. The second part can be distributed in the areas of interest (forearms and calves-feet) 
and can be a garment that is already placed under the TMG and above the MCP. This can separately 
be connected to the back pack for ease of donning. Regarding  alsothe gloves, since the thermal 
layers will be reduced for sensibility reasons, some heating would be necessary. Electric heating 
could be easily adapted for the task. 
 
A Chameleon suit concept could also be applied, where the thermal layers of the suit actively 
interact with each other to let excess heat out through the TMG. This method, however, requires 
further research to determine the feasibility. 
 

6.7.2    Waste management  

 
The suit shall be equipped with a device for hygienic collection of urine for the male and female 
counterpart. The device shall be similar as the present EMU urine collection device UCD and the 
maximum absorbency garment MAG for the female astronauts. Other physiological needs can be 
carried out before or after the sortie.  
 

6.7.3    Emergency Situations 

 
In the eventuality that an astronaut is sick and needs to vomit,  special training can be done to throw 
up in a determined part of the helmet so it does not interfere with the normal operation of the space 
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suit. The fans positioned in the lower part of the suit must be designed in such a way not to be 
blocked or damaged in such an occasion.  
 
In case of ear barotrauma a simple rubber part could be placed inside the helmet in order to close 
the nostrils and then gently exhale.  
 
In case of a photic sneeze reflex or just of a simple sneeze, the optical properties of the visor could 
be affected. In this situation simple training and notice must be done just to control the section. 

6.7.4    Fire Hazards 

 
Given that   95% of the pressurised gasses is O2, the suit’s atmosphere could be easily subject to a 
fire outbreak. In order to prevent this all the interfaces within the pressurised system shall be 
designed in such a way to  completely exclude  this situation. The assembly process must also take  
this into consideration. Lubricants, fans, sealing systems must not contain any materials that can 
result in a combustion sequence. 
 

6.7.5    Shields and Padding  

 

As shown on footage recorded during the Apollo landings, astronauts were subject to continuous 
falling down to the ground. Impact areas can be further protected with some hard shield on the 
exterior of the TMG to protect the abrasion resistant garment from further wear and tear. Areas with 
particular interest are the inner forearms, the elbows, and the bottom palm for the upper limbs; the 
knees, the shins and the buttocks for the lower one. The latter is the only part that is relatively 
exposed to impacts that is gas pressurised. Important shielding must be applied to this region in 
order to prevent further tear in this sensitive region. 
 

6.8 Cleaning and Maintenance  

 
Maintenance is a primary EVA system requirement, given the long duration of the journey and the 
exiguous space for supplies and spares. The suit is going to be in close contact with the body and 
after each sortie the EVA system shall be brought back to a fully operational level, operation that 
includes replacing the consumable, cleaning the suit enclosure and substitute the various worn or 
damaged parts. An EVA sortie represents a physical effort that can be compared to the one 
comparable to a sport one, since it has peaks of high metabolic intensity. The body will therefore 
sweat and considering the duration of the sortie, some body residuals (skin, hair) will be lost in the 
suit. This can be a source of microbial contamination. The suit internal elements must then be dried 
and cleaned after use. This can be done simply with cleaning agents or an antibacterial sterilizer 
device could be equipped for containing the suit after use, to sanitize it during the storage period. 
Depending on the selected MCP system used, the MCP limbs could be regularly exchanged after a 
cycle of sorties.  
 
Concerning the exterior abrasion resistant layer, a disposable one that can be exchanged following 
an inspection after each sortie would represent a feasible solution to prevent lunar dust from 
damaging the suit itself. This disposable element, if added to the regular consumables of the suit 
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(O2, LiOH for CO2 removal, H2O, spare parts) represent an important part of the payload needed 
for the mission, on which the mission duration depends. 
 
 

6.9 Crew assistance, navigation and communications  

 

While exploring the lunar surface it will be beneficial for the astronaut to have a quick access to a 
range of data in order to interpret the situation and make decisions. This can be achieved with the 
introduction of head mounted displays combining real and virtual objects in a real environment, 
running in real time. This would provide astronauts with the capability of monitoring their own 
various parameters, and the EVA system status. Crew assistance can be useful during the EVA 
mission operation. Current EVAs are planned in detail and improvisation is extremely limited. In 
planetary operations interfaces should allow the acquisition, the analysis and the communication of 
data in real time to support the mission, in order to maximise the value of the EVA within 
operational constraints. Apollo astronauts had, for example, problems in localisation due to the 
similar panorama of the environment. This system can be used to help them to refer to land marks 
and relative position to another EVA crewmember. Details concerning the mission objectives, 
elapsed time, remaining resources, hazards, back clearance, sun angle, and navigation routes could 
be of great value. Direct communication with Earth ground base will not be necessary, while 
communication with lunar bases, vehicles, other crewmembers will be very important. Hand held 
systems appositely designed for dismounted military use can be adapted for this purpose. Field tests 
are being conducted in the Arizona desert testing duration and performance. [RD 29] 
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7 TRL of European Industries 

 
The Technology Readiness assessment is a way of determining the development status and 
reliability of a certain technology. This criterion is used to inform the management and support 
decisions that will deal with the development of a new technology or of a new project, and evaluate 
related risks.  
 
Being developed in collaboration between ESA and NASA, in 2007 the Technology Readiness 
Level for Space Application was drawn up, comprising of a standard management metric and the 
various criteria definitions that guide the metric. 
 

 
Figure 7-1 TRL Thermometer Diagram, ESA 

 
TRL is currently a key aspect of technology management, used in preparation of all ESA research 
and development programmes, in the Harmonisation process, and the collection of the European 
space technology requirements [TRL Handbook for Space Applications, ESA ‘08].  
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In a field as EVA systems, European industrial and technological knowledge goes back to EVA Suit 
2000, a program that was ended in 1994 after reaching a demonstration phase. Zvezda was one of 
the main partners and the European Space Agency grasped the opportunity to profit from the 
decades of experience of the company of the Russian federation. Unfortunately when the project 
was closed, no further development was made by Europe, while the Russian Space Agency 
continued and the EVA 2000 changed name and it is now called Orlan-M and is one of the Russian 
contributions to the ISS programme [Harris 2001].  
 
For the Aurora programme, for Human Space Flight and Exploration Preparation, the technology 
readiness aims at a level between 4 and 5, with a possible extension to 6; when this level will be 
reached, the project itself will take over the technology development. 
 
 
The aim of the TRL assessment is to establish first of all the development level of the European 
industries related to an EVA system manufacture and develop, and in a second place determine the 
amount of effort and time needed to bring a concept up to the required TRL. Present parallel 
military and civilian technologies / industries can be considered as a starting point for the 
assessment in case there are no previous studies or the technology proposed is relatively innovative. 
The time and the effort can be estimated using as a meter the development process undertaken by 
international agencies for the development of similar technologies. Going back to EVA 2000, 
Dornier (now EADS Astirum) was the prime contractor and then the various subsystems were given 
to various subcontractors to be developed.  
 
This document contains a list of Space and non- Space suppliers. It has not been checked with the 
various companies if they have interest in taking part in the development of an EVA system, but 
only the knowledge and the capability of the company in the possibility of performing such a 
development is indicated. This applies to companies that were part of the ESSS-EVA 2000 and 
were taken into consideration in the analysis. 
Many universities are involved in studies that could be applied to a EVA system and might be 
interested in collaborating as it can be demonstrated in the participation for the Columbus 
programme. A list of these universities is beyond the scope of this document. 
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The various subsystems that will be analysed for the TRA of the Hybrid suit are the following: 
 

- Gas pressurised enclosure subsystem 
- MCP pressure enclosure subsystem 
- Joints 
- Seals / Locking, Pressure interfaces, Bearings 
- Comfort equipment 
- Protection garment 
- Thermal garment 
- Sublimator  
- O2 system 
- CO2 Removal System 
- Ventilation system 
- Contamination control 
- Nutrition waste handling 
- Fan/pumps 
- Cooling system  
- Gloves  
- Helmet assembly, Visors 
- Boots 
- Bio- medical / pressure sensors 
- Power distribution/supply 
- Electrical equipment 
- Telecommunication 
- Displays  
- Life support subsystems 

 
The higher levels of technology maturity are increasingly dependent on the particular application 
being considered.  Even though a specific technology may have been matured to a high TRL for one 
application, it will typically not be judged to be at the same readiness level for a different 
application. A TRL 9 that has been extensively used in a certain type of operation must be judged 
with a TRL of 4 if it has been considered for different applications in different environments or 
because problems in manufacturing due to a different level of know how.  
 
The TRL assesses the development of a subsystem-technology regarding the micro-gravity, Lunar 
and Planetary EVA system. 
For planetary the Mars conditions are implied, while the Lunar one is a lunar surface operations are 
implied. For Near Earth Objects (NEOs) a combination of the µ-g and the lunar suit will be needed. 
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7.1 ESSS - EVA 2000, Europe’s development 

 
An Initial ESA feasibility study started in 1986, having Dornier and BAE as parallel contractors, 
one in cooperation with Hamilton Standards and the other with McDonnell Douglas. Until that time 
the only European knowledge on the matter was related to aviation pressure suits and a Life Support 
System flown on the STS for the Spacelab Laboratory Module [RD1]. The initial pre-development 
phase was based on predefinition and conceptual design at system and sub system level. During this 
phase the need for testing, breadboarding and technology investigation was identified and half of 
the financial budget was allocated to this section. During this time contact was established with 
Zvezda, the soviet Suit manufacture, which then became involved in the ESSS project being a 
contractor of Dornier. 
 
After the 1991 ESA ministerial close collaboration with the Russian Space Agency (RKA) for the 
development of the Hermes project was established. The Joint ESA-RKA space suit programme 
was called EVA-2000, which was going to fly in Mir-2 (subsequently the ISS) and Buran. 
 
 EVA-2000 was meant to fulfil both the Hermes and Buran-Mir requirements. By 1994 the 
European/ Russian industrials teams completed phase B of the schedule and were preparing for a 
phase C/D. The overall design was ready, the development plan, detailed verification plan. Two 
complete ergonomic models had been prepared with the suit’s limbs fully compliant to the design. 
The decision of closing the programme prevented tests. The total costs until that time exceeded 
50M€. The Russian counterpart continued the programme and applied parts of the EVA 2000 to the 
actual Orlan M. The Orlan M interfaces were then modified in order not only to be used in the 
Russian airlock, but in the US one as well.  
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7.2  Sub systems TRL Assessment 

7.2.1 Gas pressurised enclosures / Pressure bladders 

Gas pressurised enclosures have been used successfully since the first EVA in 1965, which evolved 
directly from high altitude pressure suits used in the pre- space era. Countries like Russia and the 
U.S. kept implementing their EVA systems and at the moment they are very reliable and that have 
been tested in an extensive number of flights. The technology level for both Russian and the United 
States, considering the fact that they are completely different ones, will be of the highest grade, 
TRL 9. The companies that develop these technologies are Zvezda for the Russians and Hamilton 
Sundstrand and ILC Dover for the U.S. 
 
China is another country that has been developing EVA systems, the Feitian suit, with the help of 
Russian partners. A complete EVA was undertaken in September 2008 for a period of 15 min and 
given the limited amount of information of the matter, a TRL 9 can be considered. 
 
However, considering the different applications that the suit will have to endure, given the planetary 
conditions, the overall TRL will be lower.   
 
During the ESSS and EVA 2000 programmes the only European industry that was working on 
bladder materials for enclosure subsystems was Intertechnique of the Zodiac S.A group. The 
pressure enclosure that was tested during the EVA 2000 tests was a modification of the Orlan-DMA 
suit; in practice Europe has no direct experience in pressurised suits.  
 
Nevertheless, companies which are currently producing pilot flight equipment and among those 
anti-g trousers that are used on modern fighters planes could adapt and develop technologies and 
test facilities. 
Some possible companies could be: 
 

- Intertechnique / Zodiac Aerospace that currently are involved in the production and 
development of Life support systems for pilots in flight and in emergency situations; 

- BFA Ballonfabrik Augsburg which produces and develops inflatable structures, pilot flight 
equipment, submarine rescue systems; 

- Aero Sekur, Italian company that is currently dealing with inflatable structures for various 
applications (in 2007 Air bags for ExoMars landing), pilot and military Life support system.  

- EADS Astrium 
 
 
Table  7-1 Enclosure TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 4 4 

European TRL 2 2 2 

 
 
For the international EVA systems for the lunar environment only the present EMU and Orlan M 
are considered. The Apollo, that would have had a TRL of 9 on the lunar surface during the period 
of the Apollo missions, is not considered given that technology is outdated by 40 years of 
development. 
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7.2.2   MCP pressure enclosure subsystem 

 

MCP is a concept that has been analysed since World War II. In the 60’s development of the Space 
Activity Suit started. Despite the early date when the concept first appeared, no big development 
effort was done.  
 
In the last years some prototypes have been tested in order to assess the feasibility of the use of 
MCP suits.  Honeywell in collaboration with NASA has developed a model of a MCP glove that 
has been tested under vacuum conditions in pressure chambers. Other studies were conducted by 
MIT (Massachusetts Institute of Technology) in cooperation with NASA and Dainese that brought 
to the development of a mock up of a “bio suit” where pressure is maintained based on the lines of a 
non extension concept, connecting non extensible points in the human body and using those to put 
pressure on the others parts. Studies were undertaken to assess the laws and parameters that affect 
the sizing and the coverage of particular areas like the knee joint; experiments were undertaken with 
different subjects to verify them. 
 
Other technologies had been analysed:  
 

- Electric Alloy Mesh Suit Concept 
- Thermal Gel Suit Concept 
- Electric Gel Suit Concept 
 

no actual test or further development is reported. 
 
In Japan some new concepts of EVA systems that will use MCP are being developed. Little 
information is available on the matter, but the development level will not be higher than any other 
country. In Europe the Dainese industry, specialised in safety equipment for sport such as 
motorcycling, is working towards the development of MCP garment in cooperation with NASA and 
MIT. In this case it will be necessary to know what kind of agreement there is between this 
European company and NASA and MIT, in case of some patents developed independently or in 
cooperation between the companies. 
 
Pharmaceutical companies are developing compressive elastic garments for clinical use, such as 
anti – embolism. Those elastic bands are designed to exert a specific pressure for each body part 
covered. This knowledge developed for medical use could be exported and applied to the 
development of MCP. The choice of materials needs to be reviewed in order to guarantee a durable 
product. 
 
 
Table  7-2 MCP TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 3 3 3 

European TRL 3 3 3 
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7.2.3 Joints 

 

Pressurised mobility joint technology has developed continuously in the past 50 years, offering a 
wide range of choices and culminating with the current EMU and Orlan M ones. Internationally, 
fully performant EVA suit, have a joint TRL of 9. 
In Europe, the development of EVA system joint stops with the ESSS programme. Rolling 
convoluted shoulder joint breadboards were manufactured by SABCA and Aerazur, and companies 
like Zodiac Española got involved in the breadboarding of elbow joints. The technology used and 
developed is the same as the one used for some joints of the Orlan M suit.  
 
However the TRL level that was achieved during the ESSS project has decreased given the loss of 
facilities, know how and the change in technology that might have occurred since the end of the 
programme. 
 
 
Table  7-3 Joints TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 8 8 

European TRL 2 2 2 

 
 
Given the fact that in the most recent planetary suits that have been developed by ILC Dover and 
David Clark (respectively the “D” and “M” suits) flat pattern joints are used, as in the EMU; the 
enclosure technique may differ, but the joint one is very similar, therefore the same TRL. 
European industries that could perform the task of producing are some developing inflatable 
structure and in flight protective garments, like: 
 

- Zodiac Aerospace, of which Aerazur is part that was already responsible for this task during 
ESSS, is now a producer of safety material for the civil and military aeronautic; 

- Verhaert Space, space system company with experience in manned programmes; 
- SABCA, aeronautical company involved in the production of structures and aerodynamic 

parts of civil, military aircraft and launchers like VEGA. It was taking an active part in the 
development of ESSS and EVA 2000; 

- Aero Sekur; 
- Thales Alenia, that were recently developing inflatable structures for Space Applications. 
 
In this field there is another European company, SAMTECH, that is a leading numerical analysis 
company that has developed a software, SAMCEF, a finite element tool that is used for the 
development of inflatable structures. 
   

7.2.4  Seals / Locking, Pressure interfaces, Bearings 

 

One of the major issues with the sealing system for the locking mechanism is the interaction with 
lunar dust. Apollo 12 astronauts recorded a loss in pressure bigger than the expected one due to dust 
in fittings. One of the features of the system is the long term reusability and therefore the sealing 
system is quite an important one. 
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Current sealing for Orlan- EMU are not designed to withstand long term interaction with the 
abrasive lunar dust, as the A7LB. However they could be adapted to the lunar environment.  
 
In Europe technology can be adapted from other industrial fields; this will imply a low TRL. 
 
In terms of pressure interfaces, being just a concept it has TRL of 1.  
 
Table  7-4 Joints, locking, interfaces TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 5 5 

European TRL 2 2 2 

 

 
Companies that could develop the necessary technology could be the following: 
 

- Zodiac Aerospace,  
- Verhaert Space,  
- Sabca 
- Thales Alenia 
- EADS 

 
 

Bearings will connect parts of the space suit, allowing an increase in rotational mobility. From 
recent analysis conducted by NASA on an Apollo 17 used spacesuit, presence of solid lunar 
particles with the diameter in order of µm, no damage or increase in wear was caused.  
 
Current bearings used on the EMU and Orlan can be used for planetary purposes.  
 
Europe has to develop specific bearings; this component already exists in a domain different from 
the EVA system one.  
 
 
Table  7-5 Bearings TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 8 8 

European TRL 2 2 2 
 

 

7.2.5 Comfort equipment 

As comfort garment it is intended a soft undergarment wore at direct contact with the skin to 
provide more comfort while wearing the suit and the Liquid Cooling and Ventilation Garment 
(LCVG). 
 
The undergarment shall adhere to the skin and be of a soft, smooth, flexible, light, transpiring, able 
to resist stretching cycles, resistant to sweat, various frictionless gels (in case of MCP, for donning 
purposes), no static charging possibilities. To be noted that this layer, given the elastic properties, 
could be applied as an initial pressure layer, to compact the limbs tissue and facilitate MCP 
donning. Materials that could be applied in this case are one containing Spandex - or Elastene- that 
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has most of the listed properties. This garment is easily adaptable from common civil application, 
given the wide spread usage in many sport and clothing uses.  
 
 
Table  7-6 Comfort equipment 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 4-9 3-6 3-6 

European TRL 4-8 3-6 3-6 
 

 

7.2.6 Cooling system  

 
The Liquid Cooling and Ventilation Garment (LCVG) is an essential part of the suit that contributes 
to the dissipation of the metabolic heat produced by the astronauts’ physical activity. 
This element of the EVA system has reached high TRLs in the US and Russia, thanks to years of 
subsequent development. A planetary application might be implemented concentration the tubes on 
High tissue density and vascularisation to increase the cooling capability. 
 
In Europe, however the level of development is low: some of the possible developers of a European 
LCVG are: 
 

- The German Dräger, medical and safety technology was the contractor developing the 
LCVG for the ESSS. The company develops personal protection systems, diving equipment 
and medical and clinical devices and accessories. 

- The other company that was developing the LCG for ESSS was Aeritalia (now Thales 

Alenia Space), with a great level of expertise in space and aeronautical systems. 
- The Swiss Hamilton, expert in fluid and liquid handling, laboratory equipment, fluid flow 

control systems; 
- NTE (Nuevas Tecnologias Espaciales) specialized in physical science research. It has 

developed in the past years a prototype of a motorbike cooling garment. 
 

 
Other pharmaceutical companies that deal with protection systems could be suitable to realise such 
a garment, given the specific knowledge on human physiology. 
 
 
Table  7-7 Cooling system TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 7 4 

European TRL 3 3 3 
 

 
Given the different thermal-barometric conditions the system has to be reviewed for planetary 
applications. The lunar environment, on the other hand, has a more similar environment to an in 
orbit EVA, but the type of exercise the crewmember will be involved with will be different.  
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7.2.7 External protection layer (TMG) 

The Thermal Micrometeoroid protection Garment (TMG) is the outer layer of the Space suit, which 
should withstand the action of the lunar dust, eventual micrometeoroid, protecting all the other 
subsystems and the crew member himself. 

The present TMG for the EMU and Orlan, using a similar combination of Nomex and Kevlar, are 
inadequate for an exploration type mission. According to the new Russian Manned Spaceflight, new 
type of Russian space suits will be delivered by 2012. An important feature is the outer layer that 
will be made of polyurethane [RD 25] that presents better characteristics in terms of abrasion 
resistance, tear resistance and load bearing capacity. This will substitute the double layer of the 
Nomex fabric, guaranteeing more mobility. 

In Europe, a complete development shall be done on the matter for the specific application. 
European materials and technologies have progressed in other non-Space applications. Nuclear 
protection garments, abrasion resistant material are commonly used in industry.  

Industries like Aero Sekur, Thales Alenia, EADS , and other companies that supply and develop 
inflatable structures can be elected as developers. 

 
Table  7-8 TMG TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 4 4 

European TRL 4 4 4 
 

 

 

 

7.2.8  Thermal layers 

The thermal insulation technology has been vastly used in both space- civil operations. Both the 
American and the Russian solution are very similar, using 5 layers of aluminized Mylar. The outer 
colour of the EVA system is also part of the thermal control, given the low absorptivity and high 
emissivity level.  
In Europe, Multi Layer Technology has not progressed in the EVA field, but it is used in satellite 
thermal construction and some rescue civil applications. Companies like IberEspacio that is 
specialised in the design, analysis and manufacture of MLI for spacecrafts and collaborated to the 
Columbus insulation blanket. 
 
Table  7-9 Thermal protection TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 6 3 

European TRL 4-5 4 4 
 

 

A TRL of 4 for the European industries, given that MLI developed in Europe currently in orbit and 
fully operational, can be justified with the fact that the technology has not been yet applied 
specifically to the EVA systems field. This is quite a conservative number, which can easily be 
brought up to a higher TRL with dedicated studies and tests. 
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The TRL of 6 for international level can be explained by the fact that the Thermal insulation layer 
has been tested in a relevant environment and not the actual one. Some modification might be 
needed to adapt to the 360° K of thermal excursion present on the Moon, the crater lowest 
temperature of 40° K and the Mars’ atmosphere. 

 

7.3   Life support subsystems 

 

7.3.1  CO2 Removal System / Contamination control 

At present CO2 removal is equipped with LiOH cartridges that chemically capture the CO2 and 
convert into Li2CO3. This procedure produces moisture and heat that then is added to the metabolic 
load of the PLSS. The Li2CO3 is then not reusable; therefore a consistent quantity of LiOH must be 
taken into account for the mission mass budget.  

Regardless of this U.S. and Russian techniques are well developed and tested, while Europe does 
not have any particular development.  

In Europe come chemical industries specialised in air recycling system could develop the well 
established LiOH technology or develop new ones adapting from civil applications or researching 
in new concepts.  

 
Table  7-10 CO2 removal system TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 8 6 

European TRL 4 4 4 
 

 

A lower TRL was assessed for planetary exploration because of the modification needed to adapt to 
the different environment; the LiOH technology, the main available now is assessed. If different 
techniques will be used, a TRL of 2-3 has to be considered. 

During the ARES project, the Swiss defence company RUAG was responsible for the CO2 removal 
system. Technology that is applied on submarines for CO2 removal could be adapted.  

Contamination control equipment can be supplied by Bertin Technologies, a French company that 
deals with Biological threat detection. 

 

Another company, HPA, Health Protection Agency is developing requirements and methods for 
Space Contamination control that can be brought by the EVA system after re-entry. This can be 
caused by the internal surface of the suit, due to the astronaut’s activity during the sortie, and by the 
outer layer due to environmental contaminant, especially in on the Martian surface. 

  

 

7.3.2  O2 / Ventilation system 

The international level of such system is again very high. Technology has to adapt to the 
physiological needs of the astronauts for breathing O2 and air circulation. Companies that will deal 
with this subsystem must have a know-how and experience in dealing with O2 pure environments.  
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Another company that was a contractor during the Columbus project was Kaiser Threde, partner in 
the production of a wide range of manned spaceflight life-supporting systems like oxygen supply 
systems and air-conditioning as well as various other facilities for scientific work. 

 

 
Table  7-11 Ventilation System TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 8 6 

European TRL 4 4 4 
 

 
- Air Liquide company specialised in the production and storage of gasses  
- Kayser Threde producing the ducting on the Columbus module 

- Thales Alenia Space 

 

 
 

7.3.3 Sublimator  

The sublimator is part of the active thermal control of the present US and Russian EVA Systems. It 
eliminates the humidity and cools down the water of the liquid Cooling Garment.  

This system could present problems on the surface of the Moon, due to interaction with dust 
particles that can easily be lifted and reach the backpack. Apollo astronauts encountered this kind of 
problems, dust sticking on the sublimator surface altering the thermal capacities.  

If this type of system is adopted for planetary suits, some modifications need to be made. In the 
Mars environment, given the higher ambient pressure and the presence of dust and wind, further 
changes need to be adapted. 

Europe does not have any kind of sublimator and some new technology and solutions might be 
taken in consideration in a future development. 

 
Table  7-12 Sublimator TRl 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 4 2 

European TRL 2 2 2 
 

 
 
SECAN was the responsible for the heat exchanger on the Columbus module.  
 
In this regards new solutions can be found, for example with the introduction of a Cryogenic O2 
tank for an EVA system, a technology on which Hamilton Sundstrand is currently researching. The 
heat in excess from the body could be used to warm up the O2 to optimal temperatures, avoiding 
the need of a specific sublimator. 
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7.3.4 Gloves  

The shuttle 5000- series EMU glove and the Orlan M glove are just the latest solutions of a 
continuous development ongoing on both sides. In the mean time new technologies are being 
analysed and new solutions tested.  

Being a specific element, in Europe the system should be started almost from scratch, given that 
even for ESSS the development required was in a low stage. 

 
Table  7-13 Gloves TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 7 7 

European TRL 2 2 2 
 

Companies that can be involved with the design can most of the ones dedicated to the pressure 
enclosure: 

- Zodiac Aerospace - Aerazur  

- Aero Sekur 

In this field some international cooperation in consultancy and now how exchange would be of 
great help for the EU industries. Given the need of greater mobility and sensibility, new 
technologies and solution should be implemented and researched in detail. This is one of the critical 
developments needed for the EVA system, in addition to the present low advancement state.  

 

7.3.5  Helmet assembly, Visors 

Similarly to the glove technology situation, U.S. and Russian Extra Vehicular Visor Assembly have 
been developed for the last 40 years. New concept for conformal helmets are being analysed, but 
until now the most practical solution is a spherical enclosure, in order to guarantee an equal internal 
pressure on the entire surface of the visor. 

Europe has to start investing on this field, since this is another very particular and unique part of the 
space suit and the requirements for a lunar or generally a planetary suit would prefer a innovative 
solution, both in the optics and in the enclosure itself. 

 

 
Table  7-14 EVVA TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 6 6 

European TRL 2 2 2 
 

 
This is a list of the companies that in Europe that thanks to the specific knowledge of the company, 
would be able to develop such a system: 

- OHB Systems 

- Oerlikon space 
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- Contraves, Rheinmetall group 

7.3.6 Boots 

The Russian company Zvezda is developing a prototype of a new boot for planetary exploration that 
will ensure a higher degree of mobility. In the US the David Clark and ILD Dover companies are 
developing in parallel boots for exploration and that can be found in the latest D-1 and I-1 EVA 
experimental concepts.  

In Europe the system has to be developed, since as for the EVVA and the gloves, this is a very 
specific system. Research in material technology here is the most critical issue, given that the main 
constraint for the boots will be the interaction with the soil and this has to be the most robust part of 
the EVA system. A design of a boot shall comprise the development of a suitable ankle bearing. 

 
Table  7-15 EVA Boots TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 7 7 

European TRL 2 2 2 
 

 

The same companies that could take care of the TMG could take care of the boot design like Aero 

Sekur, Thales Alenia,  

 

7.3.7 Bio-medical / pressure sensors 

Monitor of the physiological and pressure conditions is essential during an EVA sortie. The 
crewmember in this way will be fully aware of the risks he is encountering. The sensors can be 
connected to some auxiliary vehicle, or robot interface that could assist the astronaut in case of 
necessity. The pressure sensors are essential for the conservation of the necessary pressure 
conditions within the suit and activate automatically the emergency tanks and procedure if needed. 
Concepts are being developed with wireless sensors installed in the EVA suit connected with the 
suit’s telecommunication system. 

 
Table  7-16 Sensors TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 6 6 

European TRL 4-8 4-7 4-7 

An interesting amount of work has been done on this matter by ESA with the ELIPS programme. 
Bio-medical sensors have been developed and tested in parabolic flights, and even on the ISS and 
testing is still continuing with the physiological countermeasures and experiments. A more in depth 
review would be needed to collect all the information on the various sensors and the developer 
companies that have been working on them.  

EU companies like Data Med are developing new generation to develop intelligent diagnosis 
equipment for healthcare with radical improvement of analytical parameters based on a biosensor 
system for the development of an integrated system and demonstrator that will comprise research 
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components, technical development, IT components for data treatment and networking as well as 
molecular and cellular recognition components [19].  

Another company, TelBios, is working in cooperation with ESA for the development of 
telemedicine, consisting in monitoring vital, physiological parameter, physical activity, energy 
expenditure, stress levels of their patience from a distance with the use of non obstructive sensors 
[20].  

One more Company is the Swiss CSEM, developing nanotechnology and life sensors (advanced 
technologies and innovative applications of biosensing for integrated and wearable sensing, such as 
in textiles), nanomedicine.  

Those technologies could later on be applied to monitor the entire crewmember activity more 
efficiently. 

7.3.8  Power distribution / supply - Electronic equipment 

NASA, Hamilton Sundstrand, and ITN energy systems are currently working on a new concept to 
reduce weight and optimise energy storage system using Multifunctional fibres [Berland 2008] that 
will be incorporated in the suit enclosure itself. 

Japan is an important producer of efficient and relative low weight batteries. 

Apart from the high TRL already applied in the current EVA systems a series of new concepts is 
being investigated at international level.  

In Europe companies like IAF, Thales, IMEC, QinetiQ and SELEX are working to reduce the 
existing gap in the embedded system technology that, due to lack of funding, there is between 
Europe and American - Japanese companies. 

At the research level Europe has many institutes involved, but at the manufacturer level joint 
cooperation between ESA, EDA, and the European commission will try to coordinate the 
knowledge sharing to facilitate the development. 

 
Table  7-17 Power TRL 

 µ gravity EVA Lunar EVA Planetary EVA 

International TRL 9 6 6 

European TRL 4-6 4-6 4-6 
 

A lower TRL at international level is considered for planetary application leaving open the option 
of the development and utilisation of new technologies. 

A TRL of 4 for Europe is considered given the possibility to adapt current technologies to the EVA 
system needs. Future developments will always contribute to the implementation of such a system. 

Electronic equipment can be supplied as well by Kayser Threde, that has already experience in 
developing experiments for the ISS as the Italian Carlo Gavazzi Space, Contraves, EREMS,  

The German Friemann & Wolf Batterietechnic is a battery developer that has a solid experience in 
the production of batteries and of cooperation with ESA and NASA.  

For the telecommunication sector, companies like the Spanish RYMSA and Carlo Gavazzi Space 
could develop some suitable radio systems. 
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8 Development Roadmap 

In the ministerial council on 2011 there probably will be no place for a European human 
transportation system and an EVA system. This means that in the 2014 one an EVA system will be 
set as one of the future programmes of ESA, therefore 2014 can be considered as an initial date for 
the programme start. 

In order to progress directly to a feasibility study it would be ideal to have a TRL of 4 for most of 
the critical subsystems before the actual beginning of the programme. The critical subsystems that 
have priority in the development are the pressure enclosure ones, the techniques and technologies 
used, and eventual innovative solutions that need to be validated.  

The other subsystem could be considered as secondary; their development is fundamental for the 
overall system, but their development can be considered independent until a determined level, when 
they have to interact with the others subsystems for a prototype. Those systems are directly 
dependant on the choices and the approaches used for the pressure enclosure system: there will be a 
great difference between the various technologies to be used if a MCP or a pneumatic system is 
used. 

At the beginning of the ESSS project a development time of 12 years was calculated to have full 
qualification, and one more year to manufacture the complete first flight models. Given the low 
TRL and the low know how of the present industry a 13 years estimate for the entire development 
of the system would be reasonable.  

 

Present European technology has not being developing directly towards an EVA system and this 
justifies the low TRL of some subsystems, specifically the ones directly related to a specified 
design. For what it concerns the other subsystems, electrical, life support, external protection, 
thermal protection, and physiological monitoring sensors, European industry has demonstrated to 
have the capabilities of developing reliable and highly qualified pieces of equipment that can be 
adapted for a European space suit. 

 

8.1 Objectives  

Current EVA technology is in need of research and development in order to comply with the set of 
requirements that have been established for a planetary suit. This requires distributing the resources 
available on different concepts and technologies, in order to verify the feasibility and eventually 
achieve a breakthrough. This will slow the process down, given the lower resources available for 
each section, but will guarantee a wider option choice and lower the risks associated with 
concentrating on a single one [RD 21]. 

In this last period the founding available for manned exploration is relatively low considering the 
past. The recent contract signature between ESA and EADS Astrium for the development of the 
Advanced Re-entry Vehicle (ARV), could push forward the effort for the research on a EVA 
system. 
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Figure 8-1 Development roadmap 

 

The above image is a summarizing chart of the TRL roadmap of the main subsystems of a EVA 
system. In red there are the critical technologies, very specific subsystems that need a complete 
development and whose design must be started almost from scratch. In blue there are the non-
critical technologies, which are already developed in space and non space application and that can 
be transferred and adapted.  

The roadmap will vary according to the amount of resources allocated for the various subsystems 
and the choices that will me made through out the progression of the programme. 

 

8.2 International Level of cooperation 

In order to achieve the goals that the Global Exploration Strategy is aspiring to, international 
cooperation is paramount. The financial, technological and scientific efforts that are requested to 
accomplish these plans are too great for a single nation to be sustained.  

Until now the greatest example of international cooperation has been between the five partners of 
the International Space Station. Even in this case there are regulations that limit the technology 
transfer, given that only “goods and data” transfer is limited just to fulfil the partner’s 
responsibilities.  

For the development of an EVA system, Europe, given the low research and development work 
performed on the matter, would gain from a consultancy or a collaboration with Zvezda or some of 
the US suits manufacture companies in terms of know how transfer and specific expertises.  
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For the ESSS ESA was benefiting from a consultancy with ILC Dover for the glove development, 
while for the EVA 2000, it grasped the opportunity of having the Russian space agency as a full 
partner.  

The development of a Space suit system can be considered in various ways. It can be part of a 
complete European endeavour, and this could be carried out as part of a European mission; it can be 
the contribution that Europe will provide to a international mission; or it could even be an 
international programme for which European companies will provide some subsystem. 

 

8.2.1 U.S.: International Traffic in Arms Regulations (ITAR)  

The ITAR regulations are imposed by the Department of Trade and Defence and refer to all the 
materials pertaining to defence and military related technology can only be share, except if 
officially authorised, only with US companies or persons. Current law puts space hardware under its 
jurisdiction.  

Lately companies like Thales Alenia Space has been specialising in the development of ITAR free 
satellites, containing no US component and therefore have no market restrictions. On one side, the 
advantages of the ITAR, being on the European side, is the necessity of develop technologies, even 
if similar to those already existing. This implies a longer and more sustained R&D process for the 
industry.  

 

8.2.2 Russia 

The Russian Space Agency and Russian companies, such as Zvezda, have cooperated with ESA in 
many projects, starting from ESSS - EVA 2000. Zvezda is currently working on the next generation 
of space suits whose first test samples should be ready by 2012 and the final operational version 
should be ready by 2015.  

Full collaboration with this partner can be foreseen and might not only be limited as a consultancy. 
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9 Summary and Conclusions 

 

The report contains an overview of the pressure needs and the enclosure methods that are currently 
used and considered to be used in EVA suits applications. It then comprises a review of new 
technologies that can be used for the various subsystems and a concept definition of an innovative 
combination of techniques that could fulfil the requirements for a planetary suit. A TRL analysis of 
the European industry was then conducted, pointing out the companies that have the competences 
and facilities for the development of such programme and the appendix contains the initial and 
fundamental requirements of a future planetary suit. Considering the past experience and the present 
development status a development time of 13 years was evaluated, starting from 2014, year in 
which the ESA Ministerial meeting could authorise the beginning of the project.  

This can be considered as the very first initial phase of a European EVA suit design. 

 

EVA sorties will be one of the advantages of a planetary exploration programme, where the 
presence of a Human would be of incommensurable value. One lesson that the Apollo missions 
taught us is that the human ability to recognise interesting features quickly and then act 
independently to find new information that can lead to important discoveries. 

Other concepts have been developed in parallel to the soft gas pressurised one since the beginning 
of the space era, and encountered continuous development, as for the AX series Hard suits. Other 
concepts, like the MCP one, have been proposed in the same period, but only recently the complete 
feasibility has been validated. However innovative solutions and material still need to be researched 
and found to make this concept not only valid theoretically. In the last few years the possibility of 
implementing the Shuttle EMA suit with a MCP glove have been analysed, and the realisation and 
validation in the proposed environment of this technology will be of high contribution in order to 
have a breakthrough. 

Implementation to a planetary suit will not be only concerning the pressure enclosure. Research is 
going on in almost all the various subsystems. The problem is that in Europe dedicated EVA suit 
technologies are not a common field of research and therefore apart from what can be adapted from 
the other space and defence fields, Europe’s industry is far behind the other main Space Agencies. 

 
Having had the opportunity of conducting this stage in ESTEC with the European Space Agency 
was not only a very good occasion to develop specific knowledge in this field and an initial industry 
work experience, but was an occasion of having the feeling of being directly involved, with all the 
additional activities such as section meetings, progress meetings with industrial contractor 
companies, directorate conference and all the lectures that were held on a variety of fields from 
particle physics (Samuel Ting) down to the economical prospectives of NASA and ESA for the 
future years. Being surrounded by a group of experts in planetary missions, now involved in the 
analysis of the future mission “Moon NEXT” and the life support experts that were part of my 
section was very expiring and gave a good prospective of what my future ambitions might be. 
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Appendix A:  Lunar EVA System Requirement Document 

 

A.1. Applicable documents 

 
The following documents, listed in order of precedence, contain requirements applicable to the 
activity: 
 
AD[1]. ECSS E Series Engineering (available at www.ecss.nl) 
 

a. E-ST part 34C Space Engineering – Environmental control and life support tailored for 
EVA Systems for Planetary exploration 

b. E –ST-10-11 Space Engineering – Human factor Engineering tailored for EVA Systems 
for Planetary exploration 

 

AD[2] NASA Standard 3000 Man Systems Integration Standards, Volume 1, Cp 14 

[msis.jsc.NASA.gov/sections/section14.htm (Accessed 14th March 2009)] tailored for EVA 
Systems for Planetary exploration 

 

AD[3]   Guide for the Evaluation of Human Response to Vibration (ISO 2631) 
 

 
 
 

http://www.ecss.nl
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A.2. Number Identification and priority 

 
Acronyms in the first part of the identification number: 

- MIS: Mission 
- OP: Operating pressure 
- FOW: Field of View 
- RAD: Radiation 
- SF: Safety 
- NV: Noise Vibration 
- WL: Workload 
- HY: Hygiene 
- MB: mobility 
- WH: Waste Handling 
-  LT: Lighting 
- DU: Dust 
- SC: Surface Compliancy 
- GC: Gravity constraints 
- TC: Telecommunication 
- LSS: Life Support System 
- DY: Display and Controls 
- D: Design 
- IF: Interfaces 
- PIF: Pressurized Lunar Rover interfaces 
- UIF: Un-pressurized Lunar Rover interfaces 
- PW: Power  
- MAN: Maintenance 

 
Acronyms in the second part of the number: 

- GE: General 
- SAF: Safety 
- OPS: Operations 

 
The priority of the requirement is indicated by the use of “shall” and “should” as follows: 
 
- Shall     � Mandatory requirement which must be implemented; Core requirements of the 

project in order to fulfil the mission. 
 
- Should  � Requirements aiming to improve the performance of the system; they might be re-

negotiated if their implementation would be in conflict with a mandatory 
requirement, or overall constraint. 

 
 
 

A.3. Mission Scenario 

The mission architecture will focus on a next generation exploration scenario that is composed of a 
lunar base situated near the South Pole where access to nearly continuous sunlight is possible. The 
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Sun will be low on the horizon, and this will avoid the intense midday radiation, keeping the 
temperature moderate (Apollo sorties were performed in the morning hours to avoid the high 
midday temperatures) [Jolliff 2006]. 
Equatorial longitudes are also taken into consideration, not to restrict the scenario from a possible 
exploration of these areas. 
 
The crew is composed by 2-4 (TBC) astronauts; a pressurised lunar rover may also be available for 
support of the excursion. The internal pressure of the Rover is designed to minimize the time for pre 
and post EVA. 
 
The nominal duration of the mission is TBD days. The operations include TBD two man EVAs, 
comprising sorties to be performed with the Lunar Rover.  
 
 
Some of the operations to be conducted during the EVA are the following: 

 
- Exploration of the proximities of the lunar base; 
- Exploration of the surrounding area with the aid of the Lunar Rover; 
- Installation and repair of the lunar habitation module; 
- Collection of lunar samples; 
- Drill and surface removal operations; 
- Installation of experimental packages; 
- Emergency Operations. 

 
Concerning the EVA equipment, in situ maintenance will be required, in order to evaluate the life of 
the device in preparation of longer duration missions.    
 

  Primary Objectives of the EVA Suit 

 
 

- Guarantee the astronauts’ living conditions; 
- Guarantee the astronauts’ ease of movements required to perform all the aforementioned 

operational activities; 
- Provide redundancy and contingency measures to guarantee mission success; 
- Guarantee fast donning in case of emergency; 
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A.4. Primary requirements 

 

- Life support system: 
o Guarantee internal thermal operation conditions for nominal mission scenario 
o Guarantee internal thermal operating conditions during extreme temperature 

conditions 
o Radiation protection garment should protect the astronauts for nominal minimum 

period in order to reach shelter in case of SPE 
o Airflow system should remove excessive CO2 and H2O  
o Continuous and contingency telecommunications should be guaranteed 

 

- -Maximum Operational Flexibility: 
o High joints’ mobility,  
o Traded-off  pressure range,  
o Unobtrusive weight, 
o Non cumbersome shape, 
o Unassisted Space Suit donning and doffing; 
 

- Pressure: 
o Guarantee minimum breathing pressure (253-267 hPa) in a 95% O2 atmosphere 
o Mobility considerations,  
o Leakage circumscription,  
o Shortest possible preparation time for EVA 

 
- Dust contamination avoidance: 

o Protection of joints’ external layers  
o Layer to prevent external abrasion 

o Contingency in case of external rupture  
o Scratch resistant helmet’s visor 
o Avoidance of contaminating the internal Lunar Base and Rover environment 
 

- Safety considerations: 
o No single failure of any Space Suit element should result in failure of carrying out 

the EVA. 
o 2 Failures resulting in catastrophic consequences for the crew member should be 

excluded. 
o Vitally important functions redundant either at the element or at subsystem level. 
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A.5.  Lunar EVA System Requirement 

 
 

A.5.1.   Mission Requirements 

 
Appendix A. MIS- GE-10  The EVA System shall be designed to be operated on the 

Lunar Surface. 
 
Appendix A. MIS- GE-20  The EVA System shall be designed to operate in latitudinal all 

regions of the Moon (polar to equator). 
 
Appendix A. MIS- GE-30  The EVA System shall be designed to operate in all 

longitudinal regions of the Moon (near side as dark side). 
 
Appendix A. MIS- GE-40  The EVA System shall be designed to operate in both lunar 

day and lunar night environment (TBC). 
 
Appendix A. MIS- GE-50  The EVA System shall be designed for EVA sortie up to 6 

hours (TBC), with 2 hour (TBC) for contingency. 
 
Appendix A. MIS- GE-60  The EVA System shall be designed for a lunar surface lifetime 

of minimum TBD EVAs without maintenance. 
 
Appendix A. MIS-GE-70  The EVA System shall be designed for a lunar surface lifetime 

of 25 (TBC) EVAs with maintenance. 
 
Appendix A. MIS-GE-80 The EVA System shall be serviceable on the Lunar Rover as 

well as on the Lunar Base in order to restore the consumables for upcoming EVAs. 
 

 

A.6. Physiological Requirements 

 

A.6.1    Field of View 

 
FOW-GE-01 The EVA System shall provide a field of view in the horizontal plane of 120° either 

side of the centre line [ESA EDRD 1991]. 
 
FOW-GE-02 The EVA System shall provide a field of view in the vertical plane of 105° down the 

horizontal plane and 90° up the horizontal plane. 
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FOW-GE-03 The EVA System shall limit chromatic and shape aberration below the perceptibility 
of normal visual level. 

 

A.6.2.   Mobility 

 

MB-GE-01 The crew member shall be able to don- doff the EVA Suit unassisted in a time frame 
of about 10-15 min (TBC) [where donning- doffing is the action of entering the suit, 
no pre-donning/doffing operation is considered]. 

 
 
MB-GE-02 The EVA System shall dispense the necessary ease of movements to the 

crewmember in order to perform the required EVA operation. The NASA standards 
3000 shall be applied, that are available in table 4.2.1: 
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Figure A 1 EVA suit mobility range, NASA standards 3000, Ch 14 

 
 

MB-GE-03 The EVA system shall allow the crew member to perform the basic walking 
movements (pelvic rotation-tilt, knee flexion, heel strike and heel off knee 
interaction, trunk lateral- anteroposterior flexion) TBD. 
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MB-GE-04 The crew member shall be able to translate at a speed which allows the completion 
of the EVA tasks. 

 
MB-GE-05 The EVA suit system shall guarantee the crew member’s balance and orientation. 
 
MB-GE-06 The EVA system’s loads shall be imparted on the crew member’s muscular system 

in order to not affect the performance (TBD). 
 

A.6.3.   Hygiene 

 
HY-GE-01 The EVA System shall be easily accessible in order to guarantee a thorough 

cleansing of the internal surface and layers (cleaning agents must be compatible with 
suit internal layers). 

 
 

A.6.4.   Waste Handling 

 
WH-GE-01 The EVA Suit shall be equipped with a system that collects physiological waste 

(urine) produced by the crew members. 
 
WH-GE-02 The EVA Suit shall provide a system for the collection of vomit. 
 
 
 

A.6.5.   Noise and Vibration 

 
NV-GE-01 The EVA system’s helmet shall not generate a noise level that shall exceed in 

nominal and degraded conditions the Noise Criterion (NC) 50. 
 
NV-GE-02 The EVA System vibration level should be compliant with AD[3] in order to not 

create discomfort or physiological effects. 
 
 

A.6.6.   Lighting 

 
LT-GE-01 The EVA Suit shall be equipped with an external light system capable of providing 

adequate cognitive abilities to perform the EVA task or ensure a return to the 
Base/Rover. 
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A.7. Life support System Requirements 

 
 

 
LSS-GE-01 The EVA System shall maintain an internal dry atmosphere operational temperature 

between 18.3°and 26.7° C. 
 
LSS-GE-02 The EVA System shall maintain a contact operational temperature with the 

crewmember’s skin between 16 and 35° C. 
 
LSS-GE-03  The crewmember shall be able to regulate the internal temperature of the Suit within 

the ranges specified. 
 
LSS-GE-04 The EVA System shall maintain the internal atmosphere humidity in the range of 

25% to 70% in nominal conditions. 
 
LSS-GE-05 The EVA System shall prevent crewmember’s sweat accumulation. 
 
LSS-GE-06 The EVA System shall be equipped with at least 1 litre of drinkable liquid. 
 
LSS-GE-07 The EVA System shall accommodate an O2 supply for the nominal EVA sortie 

duration. 
 
LSS-GE-08 The EVA system shall be equipped with a CO2 and an odour removal system.   
 

A.7.1  Operational Pressure 

 
OP-GE-01 The EVA Suit’s Operational pressure shall be between 360-400 hPa (TBC). 
 
OP-GE-02 The EVA Suit’s Operational Pressure should allow donning without prebreathing or 

allow a minimum prebreathing time of TBD minutes.  
 
OP-GE-03  The EVA Suit’s Operational Pressure shall not go below 253-267 hPa. 
 
OP-GE-04 The EVA Suit shall provide a pure O2 breathable environment throughout the 

nominal mission as defined in MIS-GE-50. 
 
OP-GE-05 The EVA Suit shall maintain the CO2 partial pressure (oral-Nasal area) below 10 hPa 

during average metabolic rates in normal conditions. 
 
OP-SAF-03 The EVA Suit CO2 partial pressure (oral-Nasal area) shall not exceed 20 hPa for a 

period more than 15 minutes per a TBD cycle. 
 
OP-SAF-03 The EVA Suit Leakage rate shall not exceed 0.247 grams of O2 per hour. 
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OP-OPS-01 It should be possible to reduce the EVA Suit’s Operational pressure in order to 
increase the mobility for a maximum allowable period of TBD minutes. The system 
shall not allow the pressure to drop below this point. 

 

A.7.2.   Workload (Metabolic Rate) 

 
WL-GE-01 The EVA System should be designed for an average metabolic rate of 300W (TBC). 
 
WL-GE-02 The EVA System should be designed for a maximum metabolic rate of 580W (TBC) 

for 15 minutes (TBC) per EVA. 
 
WL-GE-03 The EVA System should be designed for a minimum metabolic rate of 120W (TBC) 

for TBD minutes per EVA. 
 

A.7.3. Liquid Cooling garment Requirements 

LCG- GE-01 The Liquid cooling garment shall maintain the crewmember heat storage between 2 
BTU/lb-mass and -1.8 BTU/lb-mass given a heat suit leak of 330 BTU/hr and 
metabolic rates defined by WL-GE-01 -02 – 03. 

LCG- GE-02 The cooling line sections shall be mated and de-mated with a two step locking 
actuation, to prevent disconnection during use. 

LCG- GE-03 The Liquid Cooling Garment shall remain attached to the crewmember’s body 
without impacting its functions or physical comfort during the various movements 
that can be done during donning and operations activities. 

LCG- GE-04 The Liquid Cooling Garment usable life shall be of TBD hours. 

LCG- GE-05  The Liquid Cooling Garment shall be designed in a sufficient range of sizes to fit the 
anthropometric sizing described in AS-GE-01, 02. 

 
 
 

A.8. Environmental Requirements 

 

A.8.1. Radiation Protection 

 
RAD-GE-01 The EVA Suit shall provide sufficient protection to keep the EVA crewmember 

below the limits shown in the table A.1 for normal space environment conditions: 
 

 
Table A 1 Maximum radiation dose for selected organs 

Bone Marrow 

(Gy at 5 cm depth) 
Skin 

(Gy at 0,1mm depth) 
Occulariens 

(Gy at 3 mm depth) 
Testis 

(Gy at 3cm depth) 
0,25 1,5 1 0,13 
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RAD-GE-02 The EVA System shall protect the EVA crewmember from UV radiation to the 
levels defined in table A.2: 

 
 

Table A 2 UV Exposure Limits 

Duration of exposure  
per day [h] 

Effective irradiance 
Eeff [W/m2] 

8 h 
4 h 
2 h 
1 h 
30 minutes 
15 minutes 
10 minutes 
5 minutes 
1 minute 
30 seconds 
10 seconds 
1 seconds 
0.5 seconds 
0.1 seconds 

    0.001 
    0.002 
    0.004 
    0.008 
    0.017 
    0.033 
    0.05 
    0.1 
    0.5 
    1.0 
    3.0 
  30 
  60 
100 

 
 
RAD-GE-03 The EVA Suit shall maintain the electromagnetic radiation power density received 

by the crew member below the threshold defined in table A.3: 
 

Table A 3 Electromagnetic radiation limits 

 
 

 

A.8.2. Dust Protection 

 
DU-GE-01 The EVA System shall be protected by any infiltration of lunar dust.  
 
DU-GE-02 The exterior of the EVA System (external Thermal Micrometeoroid Garment, 

panels, visor, gloves) shall be protected in normal operations from the abrasion of 
lunar dust according to the nominal System operational life. 

 



EVA Systems For Planetary Exploration 

Simon Silvio Conticello 
Page 86 of 90  

DU.GE-03 The EVA System external joints shall be sealed to prevent clogging of the 
mechanisms. 

 
DU-OPS-05 The EVA external surface must be cleaned after each EVA in order to prevent 

contamination. 
 
 

A.8.3. Surface Compliancy 

 
SC-GE-01 The grip and mobility of the EVA boots must allow an independent travel across the 

planet’s surface, considering the surface conditions. 
 
 
 

A.8.4.  Gravity Constrains  

 
GC-GE-01 The EVA System shall take in consideration the human posture in a reduced gravity 

environment. 
 
GC-GE-02 The EVA Suit shall be designed in term of weight and dimensions taking in 

consideration the lunar gravity. 
 
GC-OPS-01 The EVA Suit’s elements which in case of fall to the ground (emergency) by the 

crewmember during an EVA are more likely to impact with the surface need to have 
extra protection, given the abrasive and sharp nature of the lunar surface and rocks. 

 
 

A.9. Interface Requirements 

 
 
 

IF-GE-01 The EVA system shall Interface with the Lunar Base/ Pressurized Rover airlock / 
suitlock (TBC). 

 
IF-GE-02 The EVA System shall interface with the clearance diameter of the airlock system in 

order to allow immediate entrance in case of emergency. 
 
IF-GE-03 The EVA System shall interface with a redundant airlock-suitlock system that allows 

emergency operations. 
 
IF-GE-04 The EVA system shall interface with the Lunar Base/ Pressurized Rover 

consumables re-supply system in order to continue the EVA during emergency 
circumstances. 
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IF-GE-05 The EVA System shall interface with the Lunar Base/Pressurized Rover lunar dust 
cleaning system to prevent habitat contamination.  

 

A.9.1   Pressurized Lunar Rover 

 
 

PIF-GE-01 The EVA System shall withstand the lunar environment conditions with 
maintenance for a period that corresponds to a nominal Rover sortie or mission with 
multiple EVAs. 

 
PIF-GE-02 The EVA system shall be able to be used as an IVA suit. Comfort and mobility for 

the latter and connection to the pressurized rover LSS shall be available. 
 
 

A.9.2. Un-pressurized Lunar Rover  

 
UIF-GE-01 The EVA Suit shall interface with an Un-pressurized Lunar Rover. 
 

A.9.3. Tools 

 
TLS-GE-01 The EVA System shall interface with the various tools needed for the EVA sortie 

operations. 
 
TLS-GE-02 The EVA gloved hand shall have access to the entire tool handle. 
TLS-GE-03 EVA gloves throw angle shall be of at least 90° and shall allow left and right handed 

operations. 
 

A.10. Maintenance 

 
MAN-GE-01 The EVA System shall be restored completely to a functional level on the Lunar 

Base. 
 
MAN-GE-02 The EVA System shall have an average maintenance time of 2 hours. 
 
MAN-GE-03 The EVA System shall have accessible and replaceable critical parts, consumables 

and parts exposed to high wear and tear. 
 

A.11. Power requirements 
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PW-GE-01 The EVA shall be equipped with batteries supplying a regulated power of TBD V 
and a TBD Watt average. 

 
PW-GE-02 The EVA Batteries shall have a margin of 20% (TBC) on the nominal EVA sortie 

Time. 

A.12. Telecommunication Requirements  

 
TC-GE-01 The EVA System shall have a continuous communication capability with the Rover, 

the lunar base and the Earth Ground Control (audio, video and data). 
 
TC-GE-02 The EVA shall be designed to cope with the environmental interference. 
 
TC-GE-03 The EVA system shall provide a complete duplex communication throughout the 

EVA sortie between the EVA crew members. 
 
 

A.13. Monitoring 

 
 

MN-GE-01 The EVA System shall be able to monitor the crewmember’s breathing, skin 
temperature, heart rate. 

 
MN-GE- 02 The EVA System shall be able to monitor the crewmember’s intake radiation level. 
 
MN-GE-03 The EVA System shall be able to monitor the System internal conditions, Pressure, 

Temperature, Humidity level. 
 
MN-GE-04 The EVA System shall be able to communicate the EVA crewmember position to 

the Base/Rover. 
 

A.14. Display, Controls Requirements 

 
DY-GE-01 Displays shall provide information needed for mission tasks, system conditions and 

crewmember health. 
 
DY-GE-02 The displays shall be designed to operate under the mission light conditions. 
 
DY-GE-03 The EVA crew member shall have direct access to the display and the Controls 

panel. 
 
 

A.15. Anthropomorphic Sizing 
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AS-GE-01 The EVA Suit shall be designed to fit the 95% of the European male population and 
the 5% of the Oriental female population. 

 
AS-GE-02 The EVA gloves shall be designed ad personam, in order to guarantee a perfect fit 

and enhance the sensibility.  

A.16. Design Requirements 

 
D-GE-01 The EVA System shall be compliant with ECSS Standards. 
 
D-GE-02 The EVA System should be single failure tolerant. Two failures resulting in 

catastrophic consequences, where the life of the crewmember is put in danger, 
should be excluded. 

 
D-GE-03 The EVA system’s complexity shall be reduced with the aid of modularity.  
 

A.17. Safety Requirements 

 
SF-GE-01 The EVA System design shall not prevent the possibility of termination the sortie 

following a rover, base or EVA Suit emergency. 
 
SF-GE-02 The EVA Suit shall be equipped with Warning, Caution and Safing functions to 

protect the crew member from hazards. 
 
SF-GE-03 Emergency, Warning and Caution situation shall be detected automatically by the 

EVA system. 
 
SF-GE-04 Safing function shall provide for the containment/control of emergency and warning 

situations. 
 
SF-GE-05 The EVA system shall have fire prevention, given the high O2 content in the EVA 

atmosphere. 
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Appendix B - The Basic Technology Readiness Levels 

 
Table B 1 Technology Readiness Levels, TRL handbook, ESA 

Readiness 

Level 
Definition Explanation  

TRL 1 
Basic principles observed 
and reported 

Lowest level of technology readiness.  Scientific 
research begins to be translated into applied research 
and development. (See Paragraph 4.2) 

TRL 2 
Technology concept and/or 
application formulated 

Once basic principles are observed, practical 
applications can be invented and R&D started.  
Applications are speculative and may be unproven. For 
SW, individual algorithms or functions are prototyped. 
(See Paragraph 4.3). 

TRL 3 

Analytical and 
experimental critical 
function and/or 
characteristic proof-of-
concept 

Active research and development is initiated, including 
analytical / laboratory studies to validate predictions 
regarding the technology.  For SW, a prototype of the 
integrated critical system is developed. (See Paragraph 
4.4) 

TRL 4 
Component and/or 
breadboard validation in 
laboratory environment 

Basic technological components are integrated to 
establish that they will work together.  For SW, most 
functionality is implemented. (See Paragraph 4.5) 

TRL 5 
Component and/or 
breadboard validation in 
relevant environment 

The basic technological components are integrated 
with reasonably realistic supporting elements so it can 
be tested in a simulated environment. For SW, 
Implementation of the complete software functionality. 
(See Paragraph 4.6) 

TRL 6 

System/subsystem model or 
prototype demonstration in 
a relevant environment 
(ground or space) 

A representative model or prototype system is tested in 
a relevant environment.  For SW, ready for use in an 
operational/production context, including user support. 
(See Paragraph 4.7) 

TRL 7 
System prototype 
demonstration in a space 
environment 

A prototype system that is near, or at, the planned 
operational system.  For SW, used in IOD or applied to 
pilot project. (See Paragraph 4.8) 

TRL 8 

Actual system completed 
and “flight qualified” 
through test and 
demonstration (ground or 
space) 

In an actual system, the technology has been proven to 
work in its final form and under expected conditions. 
For SW, ready to be applied in the execution of a real 
space mission. (See Paragraph 4.9) 

TRL 9 
Actual system “flight 
proven” through successful 
mission operations 

The system incorporating the new technology, or 
software, in its final form has been used under actual 
mission conditions.  (See Paragraph 4.2.10) 

 

 




