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Introduction:  The first human mission to Mars 

will be the farthest distance that humans have traveled 

from Earth and the first human boots on Martian soil in 

the Exploration EVA Suit.  The primary functions of 

the Exploration EVA Suit are to provide a habitable, 

anthropomorphic, pressurized environment for up to 

eight hours that allows crewmembers to perform au-

tonomous and robotically assisted extravehicular ex-

ploration, science/research, construction, servicing, and 

repair operations on the exterior of the spacecraft or 

habitat, in hazardous external conditions of the Mars 

local environment.  The Exploration EVA Suit has the 

capability to structurally interface with exploration 

vehicles via an airlock/suitlock on a habitat, suitports 

on a pressurized rover, or other ingress/egress systems.  

Operational concepts and requirements are dependent 

on the mission profile, surface assets, and what the 

Mars environment.  [1]  This paper will discuss the 

dependencies of the EVA system design with the local 

Mars Environment.   

Mars Environment:  The Exploration EVA Suit 

and vehicles on the surface need to be designed to be 

capable of withstanding the environment of Mars for 

long duration missions, in excess of 1 year.   

Martian Atmosphere:  The Martian atmosphere has 

sufficient properties to inhibit current vacuum-

dependent thermal management schemes and CO2 re-

moval methods employed in current EVA suits.  This 

can lead to an increase in the quantity of non-

regenerable components, in turn increasing mass, con-

sumables, sparing, etc.   

The integrated suit components provide thermal 

protection and control for the crewmember and for its 

components. Strategy for designs will consider thermal 

environment fluctuations due to thermal convection, 

polar locations, and seasons; and how these affect ma-

terials selection for the suit and temperature control 

methods.   Operational Concepts may include landing 

in equatorial areas within a crater.  The thermal ex-

tremes of craters in different regions are needed for 

design purposes.  If the crewmembers were to drive a 

pressurized rover vehicle into the extreme cold, the 

environmental cover that protects the suits will need to 

account for this thermal environment.   

Dust Mitigation:  In addition to atmosphere, dust 

contamination must be treated with increased sensitivi-

ty.  Each EVA performed on the surface of Mars al-

lows dust to come into contact with the suits.    Boots, 

gloves, elbows and knees will be dirtiest.  The removal 

of dust from the suits will be a multi-phase operation to 

limit dust introduction into the suits and into the crew 

cabin.  Ingress/egress methods are being assessed to 

mitigate dust transfer into the cabin, (i.e. rear-entry 

airlocks/suitlocks and suitports).   

Dust resistance to impact and abrasion poses a sig-

nificant technical challenge for EVA suits on Mars.   

The Exploration EVA Suit visor and gloves need to be 

abrasion resistant and/or easily replaced.  Dust tolerant 

mechanisms, seals, bearings, and electrical connectors 

are necessary to prevent connector shorts, and mechan-

ical failure of connector, i.e. inability to connect.   

EVA space suit components have a limited life du-

ration and must be maintained during a long duration 

human mission.  The space suits need to be brought 

inside the habitable volume for nominal and contingen-

cy maintenance.  This introduces some amount of dust 

into the habitable volume, although dust mitigation 

flight operations will help mitigate this.   

Planetary Protection:  Exploration of Mars must be 

conducted with planetary protection in mind, consider-

ing both forward and backward contamination.  Human 

systems introduce the risk of forward contamination 

through venting of organics.  Likewise these same sys-

tems introduce the risk of backward contamination to 

the crewmembers and to the Earth.  Despite possible 

engineered controls designed within the suit and other 

assets, operational controls for planetary protection are 

anticipated to establish “keep out zones” prohibiting 

human presence in Martian areas deemed to be highly 

likely to contain life.  These zones would probably be 

established by robotic precursor missions to conduct 

sensitive analyses before an EVA crewmember arrives.  

Flight rules and operational concepts need to be under-

stood to work around potential special regions.  Lastly, 

there is concern for picking up extraterrestrial life from 

ice (by definition, an area that was likely habitable in 

the past) and transferring it back into the habitat and 

eventually Earth.  Since the hazards associated with 

extraterrestrial life are unknown, it must treated as haz-

ardous and take precautions to limit such ‘back con-

tamination’ to the greatest extent possible.” [2] 

Backward contamination prevention methods are 

even more important than on the lunar surface due to 

Mars particles with toxicity levels that are hazardous to 

human health and materials and eventually, transfer 

back to Earth.   

Radiation Exposure: Rapid ingress while EVA will 

help mitigate some of the risk of exposure to solar par-
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ticle events.  Radiation also contributes to the degrada-

tion of materials, electronic elements, etc.  The applied 

ionizing radiation parameters for Exploration EVA Suit 

design need to be determined, as well as understanding 

vehicle interface protection needs.  

Strategic Knowledge Gaps for EVA: Strategic 

Knowledge Gaps include the need for an agen-

cy/program endorsed document that includes the fol-

lowing characteristics of the environment: thermal, 

AO, UV, atmosphere, plasma/shock/static electricity, 

radiation, secondary ejecta, and the following charac-

teristics of the dust and dust storms:  chemical and 

physical properties, particle size, shape, composition, 

toxicity, static electricity, electrical conductance, etc. 

Guidance for use of dust simulants is needed for test-

ing.  If JSC-Mars 1 simulant is not adequate for testing 

mechanical systems, what is?  [3]  Do certain corrosive 

materials need to be added to the simulants for materi-

als testing?  What are the mitigation protocols?  Do the 

dust properties change when exposed to a habitable 

environment (pressure, humidity, etc.)?  What type of 

hazards does the dust present to humans?  A program-

matic requirement for allowable levels of contamina-

tion within the habitable volume is needed.   

Closure of knowledge gaps can significantly in-

crease the fidelity of early development testing of EVA 

suit materials and will help develop flight rules and 

operational concepts to enable more efficient human 

exploration of the Mars surface. 
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