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ABSTRACT

Gas-pressurised space suits have been highlyigexg a life support system, but are a
severe hindrance to astronaut function and capabilihey are rigid, heavy, bulky, costly,
leaky, and require high maintenance due to the &mxtp of constant volume joints and
associated bearings and restraint layers. Forduytianetary exploration, revolutionary suit
designs must be developed to satisfy requirements light, durable, puncture resistant, low
leakage suit with excellent full-body flexibilitAn alternative suit pressurisation technology
called Mechanical Counter Pressure (MCP) may pmthése required advances by utilizing
tight, form-fitting garments to physically comprdbke body rather than pressurise it with a
gas. The only limitations to the MCP approachedonning, pre-breathe protocol and IVA
adaptability characteristics. An active MCP switjch can relax or tighten as necessary
independently on all areas of the body (excephtel), effectively addresses these
drawbacks without compromising the inherent MCPaadiages except for cost. With the
advancement of shape-changing materials, an asafivenay be produced with electro-active
polymer fibres integrated circumferentially inteetblastic weave, or shape memory alloy
bands aligned in the longitudinal directional. rAadl, light and flexible suit based on active
MCP elastics could be worn for all extravehiculpetions, but also during launch and
entry.
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INTRODUCTION

The ability to work outside the space craft becameial to mission success soon after
humans began flying beyond the atmosphere andgpdoce. Such extravehicular activity
(EVA) has taken the form of constructing and mamiey space stations, repairing satellites,
or exploring the lunar surface. To survive durfMA, astronauts must wear spacesuits for
life support and protection against the hostilibnéspace. To be effective, EVA spacesuits
must also allow the astronaut to move and perftvréquired operational tasks.

Thus far, all flown spacesuits have been anthroppho balloons pressurised at low levels
with the breathing oxygen, but despite over 40 yeadevelopment the suits are still heavy,
bulky, relatively unsafe, costly, leaky, and requiigh maintenance and lengthy pre-breathe
protocols. The greatest limitation, however, @titme suits are highly fatiguing to the wearer
and a severe hindrance to normal mobility [3,9,183tronauts must train for many months to
build strength to articulate the rigid garments] develop (and practice) new strategies for
performing the relatively simple required motions.



An alternative approach to EVA spacesuit desigrs fizen-fitting garments to physically
compress regions of the body with elastics, instdgaessurisation with a gas. A full elastic
(or ‘skin’) suit would pressurise the body withtitggarments except the head, which would
be enclosed in a standard gas-pressurised helmetefathing. The compression of the
elastics would be the same as the pressure of#laghiing gas in the helmet (currently
222mmHg), and so a uniform loading is produced tlverentire body. This approach is
called Mechanical Counter Pressure (MCP), and piatgnproduces a light, flexible, cheap
and safe compression suit. Performance studiésarstmple MCP glove found task times to
be only 1.37 slower than barehanded [5]. MCP leas linvestigated for almost as long as
gas-pressurisation, but limitations in materiald tmloring technology have prevented a
practical development [1,5,31].

In recent times, considerable advances have beda malastics, weaves and seamless
tailoring techniques. Due to these advances,ahérced drawbacks of gas-pressurised
suits, and the potential of MCP technology, Hondliyared NASA have produced a
revolutionary prototype MCP EVA glove. The flexity of the Honeywell MCP glove was
qualitatively explored in a hypobaric chamber byavieg the MCP glove on the right hand
and a NASA series 4000 shuttle glove on the lefé (Sig. 1). Tactility and dexterity were
dramatically improved. Small objects with a diaemeaif ~10mm could be handled with the
MCP glove, but could not be grasped with the sagtbve. Mobility studies in the US and
Australian deserts have shown that MCP gloves asa& VA task time by only 65%
compared to the naked hand, instead of 232-500%a®pressurised gloves (unpublished
data).
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uttlexgs in a hypobaric chamber

Fig.1: Qualitative comparison of MCP and

The glove was very comfortable when worn at debiggobaric conditions in the chamber,
and so would be similarly comfortable in spacein$kitation was not discovered, despite
minor waffling impressions on the skin. Unlike tp@s-pressurised glove, the MCP glove did
not require the fingers to be splayed to reach dimmnthe bulky glove fingers. The thinner



MCP materials allowed the hand to rest in a motarabposition, with the fingers close
together. Donning the glove was, however, a ctarsiproblem and took several minutes.

MARTIAN EXPLORATION

The major space agencies are not content to restegmant and continue with only LEO
operations. The Russian, European and US spaceiagare now actively planning for
human missions to Mars. All of these programs psepa return to the Lunar surface, and
initial Mars missions of approximately 1000 dayshasurface EVA operations of 500 days or
more.

The long-term duration and physical nature of psgabMartian field operations are several
orders of magnitude more demanding than any anat@lious EVAs. An EVA suit (and life
support system) for Martian exploration will theyef need to be greatly advanced over
anything currently in use, particularly in robusie¢10,11]. The operational and
environmental requirements of a Martian EVA sué autlined below.

Operational Requirements

A planetary suit for a Mars mission must safely affetiently accommodate and support an
astronaut for hundreds of hours during rigoroug/aiets on jagged surfaces of significant
gravity and dust [17,28,11]. At the most basielethe design is driven by scientific
exploration and so requires high mobility for geplpcore sampling, instrument set-up etc.
The suit must also be flexible enough to deploydtres and habitats, perform maintenance
and repairs, and allow exploration over ruggedaiarf23]. Even the basic act of walking
must be accommodated, which involves mobility &f fbet, ankles, knees and hip as well as
controlling the centre of gravity, ground tactilaynd visibility [21]. It is important for the
suits to be cheaper to produce than current antsto be stowable into a small volume for
transport/storage [6]. The extended duration ofi@w®ding surface activities also requires a
highly robust suit which is easy to maintain [10].

Rouen (1996) lists further specific operationalesia for Mars EVA suits:
The suit must have no pre-breathe impact on theioms
The suit should be alterable to accommodate thar Isuwrface, and have technology
that is transferable to a microgravity environmexA suit;
The suit must be capable of extra- and intravehrcactivity (EVA and IVA), but
optimised for surface operations;
The suit must only require 10 minutes to don theand exit the airlock; and
The PLSS volume must be no more than 70% of th&lsHiMU PLSS volume;

Environmental Requirements

The design of planetary suits must also consideMartian surface environmental conditions
that are vastly different to those elsewhere. €lwmditions include dust, temperature,
pressure, dust, sharp or jagged edges and phisizatds, gravity, micrometeoroids,
radiation and potential biological contaminatiosues [17,28]. In general, the suit must
make use of the natural environment (such as atheospgases) as much as possible [23].
The following briefly explores Martian conditionacgany influences they may have on suit
design.



Dust

Dust proved to be extremely hazardous on previds missions, and Apollo astronauts
found that it quickly abraded suit coverings, sdnad helmet visors, covered external
displays, degraded outer layer absorptivity andseivity and contaminated seals and
bearings. After two EVAs, astronauts reported thatouter layers of their spacesuits were
“severely worn by lunar dust abrasion”. On Apdlit, Jack Schmitt had trouble securing his
gloves and found that outer layer and worn throaftgr 3 EVAs.

Mars dust and dirt is less abrasive and finer gichitiue to weathering than Lunar regolith, but
will still contaminate seals and bearings. Howewars is the only environment in which
winds will be experienced. Martian winds may gasi5m/s, but in the low pressure of the
atmosphere these winds would exert little pressarthe astronaut [20,13]. Global dust
storms obscure visibility and aid contaminatiorMastian winds are entrained with terrestrial
particulate.

Rouen (1996) states that a Martian suit must baffanted’ by dust and dirt. To minimise
such problems, suits should have a minimum of seadsbearings to prevent susceptibility to
dust damage and reduce inspection and cleaning [a8KL7]. NASA has already removed
zippers from suit designs due to these concerris [10

Gravity

On the surface of Mars, the gravitational accelenats 0.38g. The mass of all suit systems
therefore becomes significant. Since Apollo, gessgurised suits have actually got heavier
due to added reusability (to reduce costs) andgizngs (to increase size range) [18].
However, for future planetary missions, the reducof mass will be critical.

An Apollo suit weighed 100 kg on earth, but onlyKron the lunar surface. Schmitt (2002)
noted that the total weight of the suit was acdaptdhowever Apollo astronauts were not
subject to the physical deconditioning expecteddrur on long-duration Martian missions.
The NASA EVA project office therefore calls for lpetary suit of reduced burden, with a
suit only (no life support systems) Earth mass8Kgland a life support system mass of 12kg
[17,10]. This total mass is about one-quarterctimeent NASA spacesuit mass. The mass of
the suit should also be distributed over the badsgid stability, maximise mobility and reduce
fatigue in counter-balancing a lopsided suit [25].

Pressure/Temperature

Mars has a significant G@tmosphere of 7.6mmHg (0.01atm) which serves tdaraie
temperatures at the surface. Thermal conditiomd te vary by latitude, seasons, time of day
and elevation, but range from -140 to $Q0with an average of approx 263 Suits will

clearly be required to protect the wearer fromtémious atmospheric pressure and maintain
a comfortable internal temperature. The Martianasphere, though thin, will cause heat loss
through conduction, convection, and wind-inducedpevation. Further, the life support
system must have an automatic thermal controlt@aéfits from in-situ resources utilisation
(ISRU) [23].



Radiation

Outside the geomagnetic field of Earth, the magtificant radiation risk is from a solar
particle event (SPE) or Cosmic Background Radiatt®@R). Although Mars has no
geomagnetic field, the atmosphere offers 27 g/cquavalent aluminium atmosphere
protection, and shields the surface from almostfathe solar particles, but is relatively
ineffective against galactic radiation [2]. Thamet provides hemispheric protection, as the
planet blocks galactic radiation from below andas@articles at night. A suit cannot
reasonably protect against this particulate raatatbut both types are predictable and
detectable, and a retreat can be made to a sheftstructed of the surface regolith or
spacecraft shelters surrounded with water. Elewgnetic radiation, such as UV and IR,
reaches the surface and can cause degradationfos&Ymaterials and should be considered
in the outer layers and for helmet visors [17].

Micrometeoroids/Jagged Surfaces

The atmosphere of Mars essentially protects thaseifrom micrometeoroids, however,

once at the surface, significant physical hazaaashe found. All EVA missions must avoid
sharp surfaces on orbital or landing spacecraftphuMars the surface environments often
feature a vast collection of jagged pebbles, ragigboulders. These surfaces will be
encountered on virtually every planetary traveRegged suit layers and safety systems must
therefore be incorporated into the suit designréwvent puncture or failure due to any of these
hazards [23].

Contamination

It may be necessary to avoid any contaminatiom@iMars surface with human biologic
material, and also vice-versa. The biological aonihation issues of a manned Mars mission
have yet to be fully understood or addressed. h&dvtars environment may harbour current
or past life, a Mars suit should provide some meastiquarantine against human/bacterial
contamination of the surface (and indeed vice-yerfawill be necessary to minimise human
contamination of the surface so that samples (atidualife) are not compromised.

It may be more important to contain Martian matdriam being introduced into the habitable
environment due to the high oxidation state ofrdgwlith. It is possible that small quantities
of hexavalent chromium exists on the surface, wisdbxic to humans. The presence of
sulphur and chlorine also implies that the soil amdorne dust is acidic, which could be
dangerous to both equipment and crew [19].

Planetary suits therefore may require a rigoroosguture to prevent the ingress of surface
materials inside the airlock and habitat when rehg from EVA. This may take the form of
special cleaners or a suitport concept, in whiehdinty outer layers remain outside, and the
astronaut enters the habitat through a door imaglae(like the Orlan) [17]. Leakage from
suits must also be minimised to save consumabl@seiuce or prevent contamination of the
surface.



Table 1 below gives an overview of all the Martguit requirements mentioned above.

Table 1: Mars Planetary suit requirements

Property Mars Suit

Safety High

Glove/arm flexibility High

Leg/torso flexibility High

Cost Low

Bulk Low

Robustness/ Maintainability High

Pre-breathe impact Low

Adaptability IVA/EVA use for Mars, Moon angd
Microgravity

Donning 10 mins

PLSS size 70% EMU PLSS

Thermal regulation ISRU

Susceptibility to dust/dirt Low

SSA Weight on Earth (kg) <18

Weight location Distributed

Radiation Protection Electromagnetic resistant

Puncture Resistance High

Dust/contamination control High

Gaseous leakage Low/none

ADVANCED PLANETARY GAS SUITS

Initial prototypes of advanced planetary gas-pnessd suits were developed at the end of the
last century to explore new ways of reducing sussy cost and bulk while improving
flexibility [6]. ILC Dover (who produce the curreNASA suits) modified the existing suit
garments (called the space suit assembly, or S§Ajitmarily replacing the hard upper torso
structure with lightweight fabrics and insertingotWwearing hip joints. The design (called the
‘M’ suit, see Fig. 2) saved about 21kg from just BISA to give a total Mars weight of 42kg
[10,6]. The design had improved flexibility prinigras the suit was pressurised at the
minimum physiological acceptable level of 194mmHigalso had high leakage from the
increased number of bearings. David Clark produkedD’ suit, a full soft suit that also
operated at 194mmHg. The SSA predominantly usggéttern convolutes, and weighed
12kg. However, the modified fabric joints were iouto give unsatisfactory flexibility. The
total Mars weight of this suit was about 40kg [10,Bnprovements to the life-support
systems could further reduce this mass, howeves hdgancements must be made in order to
achieve similar in-situ weights as the Apollo switsthe lunar surface. The Hamilton
Sundstrand suit incorporated a semi-autonomougaang cart to transport various
consumables. The cart was central to the designas required to reduce the mass of the
suit [10].



Fig.2: Apollo, Shuttle EMU and ‘M’ Suit [24]

A further investigation into advanced planetarytsis the Mark 111, which utilises a mix of
soft joints, hard joints and bearings (see Fig. ®)e suit demonstrated improved flexibility
by optimisation of joint selection and design. Hué is normally pressurised at 430mmHg
for zero pre-breathe protocols, and weighs 58.5kg8(5kg on the current suit) [24]. If
modified for the lower pressure of 194mmHg, the S8#ss could drop to 36kg.
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Fig.3: Mark Il in simulated hypogravity [24]



Limitations of Gas-Pressurised Suits

While the designs of advanced gas-pressurisedaitan improvement over the current
NASA space suit (called the Extravehicular Mobiliyit, or EMU), many characteristics of
these designs can be shown to be unsuited to Mamiaditions. Gas-pressurised suits are
inherently heavy due to the bulky, air-tight layefghe SSA and the multiple number of seals
and bearings to allow a freedom of movement. Térsdhal Life Support System (PLSS) is
also large and complex, and must include the stotagks, fans, pumps, contaminant-control
cartridgesf/filters, regulators and valves to marthgeoxygenation and pressurisation of the
whole suit.

The greatest limitation of gas-pressurised suitsasefore the balance of weight and
flexibility. The Mark Ill, for instance, has relatly good flexibility for gas suits, and allows
the astronaut to touch the ground. However, thermim mass of the Mark Il SSA is
approximately 36kg; lighter prototypes are unacallytrigid [6]. Furthermore, most of the
suit mass is located in the PLSS on the back. cEn&re-of-gravity of the suited astronaut is
therefore shifted higher and behind the heelsjrigra forward hunch or lean to achieve
standing balance. The suits also have high bule Mark Il utilises several hard
components, increasing bulk even more than theopmetantly soft components of the
current EMU. This reduces stowage capability,disb the ability to act as an IVA suit as
interior space (particularly at seated and pilofogitions) is highly restricted. The all soft
components of the ‘D’ suit, however, may be moréable for dual IVA and EVA roles.

Gas-pressurised suits have a good safety recarthdyare susceptible to puncture and
abrasion failure. As the suit is a full body balg a puncture would be a catastrophic failure.
They also have high cost, require lengthy and featjmaintenance, and are easily damaged
by dust/dirt. The high leakage of suits may corniterte the surface, but also represents a
significant wastage in oxygen supplies. If Martrabitats are pressurised at 1 atm
(760mmHg), zero pre-breathe suits (such as versibtiee Mark 111) would need to be
pressurised at 430mmHg, further increasing thespredifferential between the interior of
the suit and the ambient environment, and drivitggaer suit leakage. A solution to this
waste of oxygen may be to pressurise the bodyth@hvartian atmosphere, leaving only the
head pressurised with oxygen [8]. A sizable cosgion and pump system would, however,
be required to be carried along in the PLSS.

Research for future spacesuits is focusing on taemmanagement, as neither the Shuttle
EMUs multi-layer insulation nor the water sublinzetisystem will function in the thin
atmosphere of Mars. Furthermore, these systemseaney: water and associated
pumps/plumbing systems would weigh as much as 8kgars [18]. Current advanced space
suit materials research is focused on insulatinterids. Thin, light-weight, flexible, and
durable insulation must be developed. One prominhnology being investigated is that of
aerogels [28]. Radiators are being consideredtHayt most likely will not be capable
enough. The Chameleon suit uses electroactivermly, thermal infrared electrochromic
materials and wearable electronics to sense thenaitand exterior environment and adjust
heat conductivity of the suit layers accordingl2].1In terms of insulation, Mars should not
require exotic material development as radiatieele temperature extremes and
micrometeorite strikes are less extreme than othEebit or Lunar environments.



Table 2 again lists the requirements of a Mars buitalso shows the corresponding
attributes of gas-pressurised suits.

Table 2: Attributes of gas-pressurised suits coragdo Mars requirements

Property Mars Suit Gas Suits
Safety High Med
Glove/arm flexibility High Low
Leg/torso flexibility High Low
Cost Low High
Bulk Low High
Robustness/ Maintainability High Low
Pre-breathe impact Low Low
Adaptability IVA/EVA use for Mars, | EVA-High; IVA-Med
Moon and Microgravity
Donning 10 mins 2-20mins
PLSS size 70% EMU PLSS ?
Thermal regulation ISRU ?
Susceptibility to dust/dirt Low High
SSA Weight on Earth (kg) <18 12-36
Weight location Distributed Back
Radiation Protection Electromagnetic resistant tEbecagnetic resistant
Puncture Resistance High Low
Dust/contamination control High Low
Gaseous leakage Low/none High

As gas-pressurised suits do not appear to be @apébloviding the flexibility and weight
balance, cost, bulk, robustness and leakage rebiaréMars exploration, the Advanced EVA
Projects Office at NASA JSC believes that planetayloration requires a new generation of
suit [6]. Innovative spacesuit design is considezssential, given the increasingly complex
and physically demanding tasks caused by the ertemironments and EVA goals of Mars
missions [22].

MCP PLANETARY CONCEPT

A pure MCP Martian EVA suit would comprise of elastgarments over the whole body
except for the head, which would be pressurisel thi¢ breathing oxygen (see Fig. 4). A
dust/protection overgarment would be worn overMi@&P layer which could be sealed or
unsealed via a filter as necessary. This woulmlhatiold Martian air to circulate and assist
perspiration if necessary. Alternatively, heatadgments could be incorporated into the MCP
weave to serve as thermal heating control. Noigga@arments would be required, and the
life support system would be significantly redu@ednass, bulk and complexity without the
need to manage the cooling water. Standard hiogs could be worn over the MCP socks.
A full MCP suit therefore moves the design conapay from personal space craft to a
garment that augments the properties of the bodlyeMartian environment.



Fig.4: MCP EVA Concept [30]

Advantages of MCP
Flexibility

All research has shown that MCP garments and sfiés a significant flexibility
enhancement over gas-pressurised designs. Annig/abt (1971) found that MCP garments
offered dramatic improvements to gas pressurizéd suflexibility, dexterity, reach and
tactility due to the replacement of stiff jointsdapearings with light, flexible elastics.
Running, cycling and even crawling was possiblthenMCP suit.

As a measure of full body flexibility, oxygen dengaghuring walking was reduced 66% when
compared to the Apollo suit. Later studies by @lé®©84) showed that MCP ‘skinsuit’
gloves were significantly better in mobility, desitg, tactility and fatigue. The results of the
flexibility studies of this research indicate ttia¢ MCP gloves inhibit movement and
performance by one-quarter of gas-pressurised gloWhile the performance advantages of
the MCP glove may be exaggerated by the multitddemger movements of the hand, simple
movements such as the elbow and knee would bdrafitthe mobility afforded by the
lighter, thinner and more flexible fabrics.



Safety

A tear or hole in a gas-pressurised suit wouldltésua rapid and probably fatal
decompression. Tears in a MCP suit would remaotal ldefect as the elastic weave prevents
the tear from propagating. A tear, therefore, watduse symptoms of localised low pressure
exposure at the site of the tear (such as bruambedema), while the rest of the body
remains protected. The severity of these sympisrmgaite mild and dissipates within
hours/days (depending on exposure time), espeeiddgn occurring on a small area.

Improved mobility, greater reach, better tactibtyd improved dexterity all contribute to the
effectiveness of performing EVA tasks, reducing rfatigue and error. The MCP Martian
suit would also utilise standard hiking boots towey great advantages in moving over rough
terrain, especially considering the bulky gas-prgsed boots of the current EMU. All of
these performance improvements should also lesssrentration and physical fatigue for
accomplishing a given task list, thereby reduchgytendency to make errors that are
potentially harmful [32].

Weight

Both the suit and the life support system shouldigeificantly lighter than a gas-pressurised
suit. While both MCP and gas suits might shareopitotective layers, the air-tight and
cooling layers of gas-pressurised suits are regdlagt the light MCP elastics, saving
considerable weight. Comparisons between currantgd MCP gloves show the latter to
conservatively weigh about one-quarter of the farmAe MCP suit could therefore weigh
about 14 kg or less (based on weight of shuttle baots, gloves etc) [16].

The MCP life support system will also provide sfgrant weight savings. As the oxygen
demand is decreased, the total volume of requiressprised oxygen is drastically reduced
and the oxygen leakage virtually eliminated, thsran associated scaling down in both the
required oxygen and pressurisation/management laaedwFurther, omitting the coolant loop
means saving the weight of the water, the watergputs battery, the connecting tubes and
valves, and all associated control hardware. Th&®Mfé support system could therefore be
less than half the volume of the Apollo EMU [1].

Bulk

An MCP suit would also be comparatively small. M&tsuitably sized outer dust/protection
layer, the suit could be no more bulky than wirdethes. Conceivably, the MCP garment
could be stuffed within the helmet itself for stayeéstorage. The less bulky torso of MCP
suits also allows for improved walking and climbivigion of the feet. As the suit is worn by
the body (rather than carried), many more loadimigts can be used to distribute mass over
the body.

Cost

A full MCP garment will cost far less to make thaie current EMU with its expensive
mechanical joints and the relative simplicity amef the PLSS. No liquid cooling garment
will be needed. Weight and volume are greatly redugith the MCP approach. Even though
the elastics are durable, there could be manyceplant garments available due to their
small cost and storage size. A whole suit couldtbeed in the fishbowl helmet. Minimal



maintenance is required for the SSA. There coaldeblacement SSA garments available for
everyone scheduled for multiple EVAs that wouldrexpensive, light weight, and easily
stored.

Life Support System

The PLSS will be significantly smaller and lightkre to the savings in oxygen supply and
omission of the cooling loop hardware. The requorggen supply for a given set of tasks
may be reduced by two-thirds, according to the gneost ratio of slow walking in an MCP
garment versus a pressurized Apollo suit. Omittiregcoolant loop (because the astronaut
cools naturally from sweating which evaporatesangy into the vacuum) means saving of
the weight of the water pump, its battery, the whtsler, connecting tubes and valves, and
associated control hardware. The PLSS should kdhes half the weight and volume of
current hardware. Advanced concepts, such asngentetal hybrid/hollow fibre membranes,
and CQ and water vapour scrubbers may need to be emplagatiey have low overboard
loss of oxygen, no moving parts, and a long opegdtfe [10].

Cooling

Current gas suits cool the astronaut via the Ligitooling and Ventilation Garment (LCVG),
an inner layer containing a network of small tutte circulates cool water around the body.
The LCVG may be redundant in MCP suits due to thktyof the astronaut to sweat
through the porous MCP garment. Evaporation cti@sskin, body heat is dissipated, and
the rate is controlled by the astronaut's normgkaogy [32]. This natural cooling is further
aided by conduction and convection. When seatedotiter dust layer would trap metabolic
heat and warm the astronaut. Heating elementsi@sib be incorporated into the MCP
elastics. When cooling is required, the outeriayeented through a filter to allow filtered
circulation of the Martian atmosphere over the perbCP elastics. The dust/protection
overgarment can be left unsealed to allow freautaton of the cold Martian atmosphere,
however attention must still be paid to contamoraissues. If an effective filter can be
placed at the venting point, then most of the amimants could be collected as the cooling
gas is returned to the environment. The gaseaks¢ge from gas-pressurised suits is due to
the high internal pressure and the number of j@ntsbearings. The leakage from an MCP
outer layer would be considerably reduced as taerdar fewer bearings and joints and
because the interior gaseous pressure (exceptddraimet) is equal to the outside
environment — the leakage points are thereforecestiand the force for the gas to escape
nullified.

If the cooling allowed by MCP in the Martian enviraent is too severe, then a filter valve in
the outer layer may be closed to reduce or stopir@ulation. In this way, the sealed interior
of the suit warms with body heat. Adjustment & fitter valve may effectively serve to
regulate the suit internal temperature. Heatiegneints could also be incorporated into the
weave of the elastics, as is currently availablgome thermal wear.

Contamination
It is unlikely that any suit concept could complgterevent any form of human or organic

matter from reaching the surface. For MCP, peasipin and other gases around the body
aren’t subject to the same high pressure exputsmohleakage as gas suits. The leakage of



the environmental circulation proposed for coolmauld be directed through select filters to
minimise cross-contamination.

Another concept to reduce organic or dust contatioinas the suitport. The suit utilises a
rear hatch (like the Orlan) which connects to & parthe side of the habitat. The astronaut
then opens the rear hatch to enter the habitatewdaving the dust layers outside. For a
MCP suit, such a hatch would be an unpressurisaggritical seal in the dust layer; for gas-
pressurised suits, the hatch represents a largmarelcomplex airlock door, capable of
withstanding large pressure differentials whild stinimising leakage.

Limitations of MCP
The prototype MCP glove shows there are two maasof MCP design which pose the
most significant problems in producing an effectipeactical suit: donning and doffing, and

ensuring all areas of the body receive uniformuffigent compression.

Donning/Doffing

The powerful elastics of the MCP garments are atiyelesigned to exert the same pressure
on the skin as the pressure found in the currantlsHEMU (i.e. about 0.3 atm). However, as
donning and doffing will be required in the pressed environment of the spacecraft/habitat,
the combined pressure can be painful after onlgrséwninutes. The act of donning and
doffing such a constrictive garment can also takesitlerable time and effort, especially as
larger cross-sectional areas of the body requaeased tension to produce the requisite skin
pressure (according to the hoop stress relationgh@re pressure is equal to tension over
radius). Such an increase in tension may prodarget voids and unpressurised regions
between the fibres of the weave, but also redued¢ibility of the material. The increase

in tension would also hamper the donning and doffirocess, as the elastics would need to
be stretched more tightly to cover the larger afBlae MCP elastics over the torso, for
example, are required to be at a tension approgigna0 times larger than the finger, as the
torso radius is approximately 10 times larger tth@nfinger. Even though the glove could be
donned in tests in only 3 minutes (after practiddherefore seems likely that donning a full
body MCP suit would demand about 30 minutes.

Uniform Compression

Applying uniform compression over the human bodgifBcult because it is a complex shape
in some areas. As Annis and Webb (1971) discoydedr concave sections experiences
reduced skin compression due to elastic ‘bridgimy'eas such as the back of the hand, the
spinal trough, under the arms and the back of tiee& all require some form of supplemental
device in order to transfer the compression tcsiie. In the Honeywell glove, an inflatable
bladder was used, but gel packs and foam paddirygaiea suffice in such areas. Providing
extra compression under the arms and behind theskieanore difficult as these areas are
required to be free for good mobility, and becahsegoint undergoes large amounts of
articulation. However, the most challenging (aeticéte) area to pressurise is the groin. It
may be deemed more effective to create a gas-presdisystem for the groin, which would
share the PLSS helmet pressurisation hardwares Waulld require seals above (abdomen)
and below the groin (thigh) in addition to thatwand the base of the neck (for the helmet).



The Honeywell glove tests also revealed that sama&seof the body are more resilient to low
pressure (like the palm) and may not need the sam@ression as other areas. The
characterisation of various regions of the bodyyobaric sensitivity is yet to be performed.

Summary of MCP Properties

The properties of MCP suits can now be added tptéeous table of planetary requirements
and gas-suit properties, as shown below in Tablé Be ability of MCP suits to address
planetary requirements is clearly shown to be sap&r gas-pressurised suits.

Table 3: Attributes of MCP and gas-pressurisedsscitmpared to Mars requirements

Property Mars Suit Gas Suits MCP Suits

Safety High Med High

Glove/arm flexibility High Low High

Leg/torso flexibility High Low High

Cost Low High Low

Bulk Low High Low

Robustness/ High Low High

Maintainability

Pre-breathe impact Low Low Dependant on MC

compression.

Adaptability IVA/IEVA use for | EVA-High; IVA- EVA-High; IVA-
Mars, Moon and Med Low
Microgravity

Donning 10 mins 2-20mins 30mins

PLSS size 70% EMU PLSS ? 50% Apollo EMU

PLSS

Thermal regulation ISRU ? ISRU

Susceptibility to Low High Low

dust/dirt

SSA Weight on Earth | <18 12-36 14

(kg)

Weight location Distributed Back Distributed

Radiation Protection Electromagnetic | Electromagnetic Electromagnetic
resistant resistant resistant

Puncture Resistance High Low High

Dust/contamination High Low High

control

Gaseous leakage Low/none High Low




REQUIRED DEVELOPMENT

This analysis of planetary EVA has shown that M@isssatisfy most requirements
considerably better than gas-suits, but several M@#ations exist: donning time is
increased, adaptability to IVA use is low, and ¢tapacity to exert high compression
effectively over the body impacts on the ability éhort or zero pre-breathe protocols.

For planetary use, hybrid MCP/gas options are ptessuch as a ~100mmHg MCP layer
under a ~100mmHg gas-pressurised layer. The rdduessures of the MCP layer would be
more conducive to easy donning/doffing than purePRMiesigns, and the compression once
donned would be more tolerable in ambient/spacecoaiditions. As the pressure in the gas
tight layer is halved, so too would the actuatiorcés at the joints. If the pressure garments
were tolerant of 222mmHg, the MCP layer could breaeed for IVA use and allow the suit
to function as a pure gas-pressurised garmeneievknt of emergency cabin-
depressurisation.

Another hybrid option may be to pressurise theaevih gas, and incorporate a seal at the
hips and shoulders for MCP limbs. This allowseHeiency of gas-pressurisation to
function over difficult areas of the body to congséfor example the male groin, under the
arms and chest expansion/contraction with respmagnd where flexibility is not as crucial.
The MCP is supplied at the limbs where shapes are gylindrical and flexibility is needed
most.

However, any gas-pressurised elements would inefealk, leakage, contamination,
susceptibility to puncture, PLSS size and compyexind still require the bulky LCVG or
other cooling equipment. Table 3 clearly shows$ #my elements of gas-pressurisation
should be minimised as the properties of the saijf fall below the stringent requirements.
As the requirements are matched (and not excedydd)CP garments, a successful
planetary EVA design is likely to be achieved bgarporating a minimum of gas-pressurised
elements.

Another possible solution to the limitations of M@Ry be to incorporate an electro-
activated polymer into the weave of the garmermrahy allowing it to relax and compress at
will. Other ‘activation’ options are shape memailpy bands aligned in the longitudinal
directional, capstan-like fluid channels or bungiatasping mechanisms. Inflatable fluid
channels could also be used to increase tensithre iIMCP materials for non-stretchable
fabrics [7]. A Martian astronaut could conceivaddbn the MCP EMU in the airlock and feel
it gradually compress on the skin as the pressutieel airlock decreases. Further, this
approach could be used in intravehicular actidA) suits used during launch and re-entry:
the suit would be relaxed by default but triggei@dompress in the event of a cabin
depressurisation. As the compression over th@wstiegions of the body is managed and
more efficient and uniform as a whole, total consgren levels may be increased so that a
zero pre-breathe protocol could be feasible. para elastic MCP suit assembly is
approximately 4kg under the mass budget on Mar&@atkg on Earth), this deficit is
available for the weight of the activation mechamisMCP activation mechanisms would,
however, increase complexity, cost and power copsiom of pure MCP designs, but ideally
the mechanism would be fail-safe, such that poweequired only to relax the suit. An
active MCP suit would therefore satisfy IVA compdity, donning/doffing protocols and
pre-breathe requirements without significant racaiiions to other properties except for cost,
which would most likely increase above a ‘low’ regi



CONCLUSION

For planetary missions, the properties of full-bdd@P suits are ideally matched to the
myriad of severe requirements for future planeEEWA. Gas-pressurised suits do not meet
these requirements. The only limitation to the M&froach is the donning, pre-breathe
protocol and IVA adaptability characteristics. aActive MCP suit, which can relax or tighten
as necessary independently on all areas of the (@atgpt the head), effectively addresses
these drawbacks without compromising the inhere@P\Madvantages except for cost. With
the advancement of shape-changing materials, areattit may be produced with electro-
active polymer fibres integrated circumferentiafijo the elastic weave, or shape memory
alloy bands aligned in the longitudinal directiandhe superiority of MCP over gas-
pressurisation for future planetary exploratiortswarrants the investigation into these
activation mechanisms and other MCP/gas hybricbopti
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