Proposed Architecture for a

Crewed Phobos-Deimos (PhD) Mission
By Doug Plata, MD, MPH
Redlands, CA

DougSpace007@gmail.com
909-557-7483

About:

This document lays out a general concept for a relatively low-cost crewed mission to both of the moons of Mars in a single mission.  This paper is offered in the hopes that this approach would be given consideration and further study to assess its feasibility.

This architecture fits with a larger campaign of missions culminating in the establishment of a sustainable crewed base on the surface of Mars.  This PhD architecture employs low-cost commercial launches for most if not all of the launches involved.  It also employs several strategies including the use of solar electric propulsion (SEP), staging at an EML location, aerobraking, and certain orbital dynamic strategies all in order to reduce the total IMLEO necessary.  It also proposes that the crew, while on Phobos, primarily focus upon the telerobotic set-up of an inflatable base on the Martian surface and to put off the telerobotic scientific exploration of Mars until later.
Context:

It is proposed that the steps to Mars include the following:

1) An early Mars flyby mission,

2) Cargo deliveries of an inflatable habitat, equipment, and supplies to the Martian surface,

3) A combined Phobos-Deimos (PhD) mission,
4) Crewed Mars surface missions aimed towards extending crew stays and the production of much, if not all of the crew’s life support needs from local resources.
An Early Mars Flyby Mission:

The rationale for an early Mars flyby mission is that we need to confirm for ourselves that we are in fact able to conduct a mission far from Earth and that our crew can endure deep space for an intermediate period of time (e.g. 589 days).  Another rationale is similar to that of the Apollo 8 mission in that it would be well for us, a free country, to conduct an early mission to the vicinity of Mars so as to forever put beyond question which country “first went to Mars”.

Criteria necessary for a Mars flyby mission should be determined and missions in cis-lunar space should be limited to only those absolutely essential towards the Mars flyby mission.  Criteria for a Mars flyby mission are things such as the reliability of life-support equipment and sufficient protection from radiation.

Cargo Deliveries to the Martian Surface

Prior to a PhD mission, payloads should be delivered to the Martian surface at a location selected for the first base.  This should be done prior to the PhD mission in order to bind the PhD mission with the much more dangerous Mars surface missions and so to prevent the danger of our not taking the final steps to the surface of Mars.
The cargo deliveries to the surface of Mars need not necessarily be large.  They can be SkyCrane size.  For example, a Kevlar inflatable habitat would have a mass of about 0.272 kg/m2.  For an 11,000 sq-ft flat, pancake habitat the exterior and interior walls would come to about 0.8 tonnes.  This would provide enough space for a crew of eight with enough interior room for a hydroponic garden providing all of the calories and water & air processing necessary, living quarters, an indoor centrifuge, laboratory, and utility space.  Additional piecemeal cargo landings could supply power supply, ice-harvesting, rover, and other equipment.
A Combined Phobos-Deimos (PhD) Mission

The focus of this paper, the rationale for the PhD mission would be to conduct an amazing mission to both of the moons as an inspiration to the nation and the world.  While on Phobos, the crew would telerobotically set up the Martian habitat including telerobotically placing Martian regolith on the roof of the habitat before inflation for protection.  Telerobots would also set up equipment and prove that the habitat was fully functional prior to the arrival of humans.  By so setting up the habitat and having it ready, it would go a long ways to ensuring our commitment to the last step of sending crew to the surface of Mars to live within the habitat.
Crewed Mars Surface Missions

The PhD mission would be followed by the uncrewed testing of a refuelable Mars ferry and the preplacement of supplies sufficient for the crew to be able to skip the first Earth-return window and take the second such window if this were to happen.  The rationale for the crewed Mars surface mission would be to fulfill the horizon goal of human spaceflight and to establish the beachhead for the eventual settlement of Mars.

Interim Points
Before describing the proposed PhD architecture, there are a few points worth noting.

Danger in Getting Bogged Down in Cis-lunar Space

There is considerable danger in a go-slow campaign of a series of cis-lunar missions (in “the proving grounds”) with the rationale being that such missions are necessary before doing an initial mission to the vicinity of Mars.  In particular, there is the danger of establishing a small station at an EML point requiring ongoing expensive SLS launches for crew rotation thereby consuming budgets and slowing progress.  For example, experience at an EML2 halo orbit conducting teleoperations of geologic rovers on the lunar far side is neither necessary for the exploration of that South Pole-Aitken Basin nor for the telerobotic exploration of Mars.  Make-work shouldn’t be conjured up to justify SLS flights.  Rather the focus should be on the absolute requirements for the first Mars missions.  
Human Factors: Microgravity and Radiation
Valerie Polyakov spent 437 days in zero g.  This is 74% of the time it would take to conduct a Mars 2021 flyby mission.  By itself, there is no reason why microgravity should be a concern.  NASA studies indicate that “through proper exercise and nutrition, crew members on long journeys in space can return to Earth with much less loss of bone mineral density” (1).  There is also the option of tethering and spin-up for which spin-up propellant would represent a very small percentage of the total mission mass.
As for radiation, it has been long known that water-containing material such as food supplies greater than 20 cm is sufficient for shielding against solar flares and that shielding greater than 50 cm reduces GCR exposure by about 60%.
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Figure 6. Shielding effectiveness of GCR at solar minimurm




Source: NASA – JSC (2)

It is proposed that the craft conducting the Mars flyby mission consist of a capsule, propulsion module, and an inflatable habitat with supplies in the habitat positioned such that the crew, during their sedentary time (i.e. most of anyone’s day), would get 50 cm thick of water-containing shielding.  This would come to about 9 tonnes.  If this was mostly dry food, they recycled their water, and could produce their own oxygen, they would have several years of supplies in case this were ever necessary.  The crew would be able to move into the large, unshielded potion of the inflatable habitat in order to stretch their legs provided that they spent time there consistent with their radiation budget.

Planetary Protection

The concerns for planetary protection are legitimate although there is a great deal of uncertainty about the risk.  The argument here is that it is not possible to forever exclude the possibility that life exists on Mars nor is it possible to know if Martian life could be of some threat to some critical species on Earth.  For example, might there have been exchange of some bacteria via meteorites between Mars and the Earth.  If so, might there be a virus capable of attacking said bacteria on both planets?  If so, how long would we go before being certain that no such risks exists between all possible species on both planets?  At some point we have to decide if we are going to settle Mars or not.  We can take precautions such as initially living within enclosed habitats in non-sensitive locations.
Secondly, it is not reasonable to believe that our contamination 

The Phobos-Deimos (PhD) Architecture
It is here proposed that a PhD mission be conducted prior to sending crew to the surface of Mars and that both moons be visited within the same mission.  The rationale for conducting a PhD mission prior to sending crew to Mars is:

1) It would cost less and could be done earlier than a Mars mission needing a lander able to successfully overcome the EDL

2) It is logical to do a PhD mission before the more dramatic humans-to-the-surface of Mars mission than in the reverse order.
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