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NASA Strategy Recommendation: “Use of Mobile Pressurized Vehicles for Lunar or Mars Exploration”
Strategic Focus Area: No. 9 Exploration of the Sun-Earth system
Space suits have been used for all extravehicular work in orbit and on the lunar surface.  They are sophisticated items with fully functional life support systems contained in a very small area that have enabled tasks ranging from fixing the Hubble Space Telescope to playing golf on the lunar surface.  However, the requirements inherent in exploring the surface of another world, whether the Moon or Mars, may not be best served with the traditional anthropomorphic space suit.  

The anthropomorphic suits are flexible and provide significant mobility but the costs are high.  For example, these suits are massive because all the consumables and life support systems must be on-board. While this is only a 
handling inconvenience in orbit, it would be a serious detriment on the surface of a planet where that mass translates into weight.  True, 500 pounds of spacesuit is less than a hundred pounds on the surface of the moon, but it’s nearly 200 pounds of weight on Mars. Additionally, crew mobility requires that the suit be made out of flexible materials that are susceptible to damage, sharp edges, pinch points, and thermal extremes.  Some suit materials, like those used for gloves, are susceptible to damages with edges as benign as a penny.  Flexible materials also provide less protection to radiation and other potential environments than many other materials.

Unless a suit fits properly, its effectiveness drops off sharply, so suits must fit personnel who need them, meaning that suit components that cannot be adapted to different personnel must be swapped out with changes in personnel—and that’s expensive in money and mass.  Even with the best fit, EVA work is wearying for the crewmember.  Fighting the pressure is tiring, particularly for those flexible areas, like hands, that provide the most mobility.  

To improve mobility and reduce the workload on the crewmember, the delta pressure in our current suits is reduced to the lowest possible level with an atmosphere of 100% oxygen.  While effective, this also requires a pre-breathe of several hours before extravehicular activities (EVA) can commence.  The backup oxygen system also provides only 30 minutes of reserve and assumes the crewmember would be capable of returning on his/her own power.  Longer ranges would equate to more weight.  A 100% oxygen atmosphere is also fire hazard and that, combined with the low pressure, make the suit catastrophically susceptible to contamination and pressure drops.  Maintenance and cleanliness must be high priorities, made worse by the distance with maintenance facilities on Earth.  For that reason, suits are very expensive, both to construct and maintain.  Additionally, experience on the lunar surface indicates the presence of a great deal of dust that not only contaminates the suits but also increases the burden on the habitat environmental control and life support system when extra-terrestrial materials are brought back inside.  This contamination limits the life of the suits and makes keeping them pristine and safe for reuse challenging.

Given the expense and risk associated with such suits should use of those suits be squandered for anything that is not safety critical?  How do we send a rescue for someone exploring without an hours-long pre-breathe?  And yet, how do we get human judgment to remote areas to maximize all we can learn about the areas we are exploring?  Possible answers to these vexing questions are outlined below.

Vehicles designed to carry humans for exploring the surface of another heavenly body are certainly nothing new and are undoubtedly part of NASA’s plan.  During the Apollo Program, such vehicles were open dune-buggy types that fostered increased range but still used the conventional space suits to sustain the crew.  Although these helped with the travel range and weight issues, while extending the time for useful work, they did not remove the need for pre-breathe, alleviate all the sources of exhaustion for the crewmembers or provide protection of the crewmembers from the harsh environments. There was no protection from dust contamination nor were suit customizations eliminated. 

However, what if the transportation vehicle were pressurized, used for day-to-day activities and exploration, attached via a docking mechanism to the habitable module, and outfitted with power tools and instrumentation like that already developed for the ISS, the robotic Mars missions and deep sea activities? Many, if not all, the activities necessary for exploration could be performed by the crewmembers safely tucked away behind whatever layers of protection the environment requires.  Considerably larger amounts of consumables would be brought to extend the useful work time while simultaneously reducing the physical toll on the crewmembers.  Risk in handling uncharacterized materials, from sharp edges or toxic materials, as well as the tools one might employ to collect samples, is virtually eliminated.  

The pressurized vehicle could allow full pressure of a normal atmosphere, negating the need for both the pre-breathe and the 100% oxygen atmosphere, thus shortening the crewmember’s total daily workload while extending the mission work time.  The exploration vehicle would also be designed to accommodate a larger variety of human sizes and shapes with no adverse effect on ability and no need to swap vehicles with personnel.  One could conceive of a vehicle that would allow a crewmember (or two) to “camp out” and extend their explorations even further from home base than any available in an anthropomorphic suit.  With human judgment directly in control of the vehicle’s movement and sample gathering, one can obtain the benefits of human exploration and the benefits and protections of the robotic expeditions of the past in one package.  

There are other benefits.  Without the pre-breathe constraint, rescue could be undertaken in minutes with a spare vehicle rather than hours in a spare suit.  If the design is clever in the use and location of docking ports, one can easily envision two remote vehicles that can dock and transfer materials or personnel from one to the other without requiring any external expeditions.  Dust contamination to the internal habitable environment is minimized as the vehicles are kept external.  A clever docking station armed with manipulative remote control devices, similar to dexterous robots already designed for use on the International Space Station, may be able to maintain the vehicles with no risk to the internal environment or the crew.  Vehicle life support systems could be built more robustly without the same volumetric or mass constraints to minimize risk to the crew.  

Although today’s robotic capabilities are extensive, there may be situations where having more careful handling or even suit capability would be useful in a remote area.  A vehicle could be designed to have an external glove box capability or even potentially even have limited suit capability that tied back to the vehicle’s life support via an umbilical(s) to reduce the weight burden on the crewmember.

Use of pressurized vehicles for extraterrestrial exploration does not limit one’s possibilities, but rather extends them, allowing humans to go further and faster than they could in suits.  It reduces the risk to humans, to their environments and to critical equipment.  By providing a comfortable mobility platform and carrying needed supplies, it enables humans to carry on the work they traveled to other planets to do more effectively and safer.  It enables men to explore, to learn, to sample, and to come back for more. 
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