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MINIMIZING THE RISK OF A HUMAN MARS MISSION

Abstract

The key concern in designing the first human mission to Mars is now minimizing the crew risk. This
is because the recent great reduction in space launch cost, and especially the development of the high
payload Space X Starship, have eliminated the former system design constraints on launch cost and launch
mass. These long-standing constraints forced reliability to be sacrificed to reduce cost and mass. Now
on-board systems such as avionics and life support can be made highly reliable and redundant, greatly
reducing their contribution to crew risk. However, substantial risk remains in the Mars mission phases
of launch and ascent, Mars injection and transit, Mars entry, descent, and landing (EDL), Mars surface
operations, and then the return Mars ascent, Earth injection and transit, and Earth entry, descent, and
landing. The mission design determines the risk, measured in Probability of Loss of Crew, Pr(LOC).

Mission: Flyby, Pr(LOC) 3 percent; Mission: Long stay, Pr(LOC) 10 percent; Mission: Short stay,
Pr(LOC) 6 percent; Mission: Split, Pr(LOC) 6 percent.

A Flyby simply loops around Mars for a quick look. It has the lowest risk but the least Mars payoff.
The Long stay is the traditionally favored conjunction class mission with more than a year on the surface
of Mars and the highest risk and benefit. The long surface stay in partial gravity, toxic environment,
and high radiation is especially hazardous to the crew. The Short stay has only about a month on the
surface, and so less surface stay risk and lower EDL risk because less equipment must be landed. The
Split mission has an initial uncrewed landing that allows all the surface equipment to be emplaced and
tested before the crew arrives. This initial landing generates no Pr(LOC). The second crewed mission
would use the smaller, more tested Falcon rocket, with lower launch risk, and the pre-deployed surface
equipment would reduce surface risk even for a long stay
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