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Post 633 Mars Mission Requirements

Goals

Explore Mars 

· Investigate whether life ever existed or still exists on Mars
· Investigate if Mars is still geologically active and how it evolved to its present state

· Investigate the climate of Mars including what happened of its volatile components (i.e., water)

· Test technologies and techniques important for any long-term human presence

· Initiate activities to ensure no fundamental biological limitations to Martian habitability exist (e.g., reduced gravity, oxidizing soil, etc.)

· Investigate surface and subsurface resources essential for a sustained human presence

Mars Mission Requirements

Create a Mission Profile

Crew Assignments

Mars Landing Site Selection

Mission Timeline and Date of Departure 


Packing for Mars

Prepare a Mission Briefing 

Design a Mission Logo 

Living in Your Space Craft

Create a Microgravity Experiment
Mars Surface Activities

Create a Habitable Environment

Create a Mars Experiment

Homecoming Press Release at the end of mission

Mission Briefing Requirements

Mission Name

Vehicle Name

 Commander, Mission Specialist 1, Mission Specialist 2, Navigator/Communication Specialist

Include brief bio and additional specialists of each

Logo

Landing site

Cargo – post activity

Experiment to be performed during the journey to Mars

Experiment to be performed on the Mars surface

Post 633 Mars Mission Website:  http://www.astras-stargate.com/post633_mars.html

The Long Trip to Mars Begins
At last, the time has come to plan for the trip to Mars! In this module, Post 633 Explorers will team up to discover the excitement of colonizing a new planet.  This will entail preparing your crew, creating a flight plan, designing experiments and other activities.  Teams will develop their own mission logos and create their own “crewmember” identity.  Please be creative and have fun. There’s a lot to explore and a lot to learn about pioneering the exploration of new planet.  This document outlines the requirements and helps teams with the material needed to get started.

The flight to Mars and back in close quarters will be long, over 200 days.  Some of the problems that arise from living and working in space have been resolved. However, the physiological affects of weightlessness are still not completely understood. Among these are the leaching of certain minerals from bones; atrophy of muscles without exercise.  All the negative effects of living in microgravity disappear when an astronaut returns to ground. But what will happen when humans land on Mars and suddenly encounter a gravity environment, even if it is one-third of Earth’s gravity?

The space environment is essentially devoid of oxygen or significant quantities of any other substance, known as a vacuum.  Exposure to the vacuum is particularly deadly because of the lack of pressure, temperature and radiation.    The space environment causes astronauts to get motion sickness, although the effect lessens in a few days. This is caused because fluid in the ear reacting to Earth’s gravity enables humans to maintain balance. Lack of gravity causes fluids to move toward the head, causing a bloated appearance. The Earth's atmosphere and magnetosphere protects humans from radiation and astronauts are exposed to high levels of radiation at high energy levels called “cosmic rays”.  Some astronauts find their sense of taste is affected.  The sleep cycle is disrupted due to variable light and dark cycles in the vessel as well as poor illumination during waking hours. Fatigue, listlessness, and psychosomatic problems can result from the high stress the crew often feels. 

Post 633 Mars Mission requires the specific details of one investigation or experiment that will be conducted in the space environment during the outbound mission with follow up on the long trip back to study long term exposure of humans in the microgravity environment.  An additional experiment on the surface of Mars is also required.  There will be a number of investigations to choose from that will be presented in a separate document   Any other relevant experiment that a team decides to perform is acceptable to fulfill this requirement by obtaining prior permission.  Additional experiments can be performed if desired because during a real mission, there will be plenty of time for multiple experiments.
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Hohmann Transfer Orbit 

A spaceship must move in a direction that will make it easy to match velocities with Mars when it arrives. That is an ellipse with perihelion P (point closest to the Sun) at the orbit of Earth and aphelion A (point most distant from the Sun) at the orbit of Mars (drawing). Mars needs to be in such a position relative to Earth at the time of launch, that it reaches point A at the same time as the spaceship does. Using the Hohmann Transfer orbit at a reasonable speed allows humans to arrive at Mars in approximately 200 days.
The launch window ends approximately 200 days before the date of Mars opposition but lasts only one month or 30 days. 

Post 633 - Mars Mission Scenarios

Mars Mission Launch Vehicle and Spacecraft

The Post 633 Mars Mission features the Ares I Crew launch vehicle and Ares V Cargo launch vehicle that are currently being developed by NASA.  The spacecraft is an “Orion” type (also currently being developed) that will necessarily be modified and certified for a Mars mission.  Post members are encouraged to investigate the current programs to better understand the launch vehicles used on the Mars Mission. Teams must study the description of the three recommended mission profiles and may choose one of them.  Any other feasible mission profile will be considered.  Use the Mission Timeline Planning document provided to plan your mission.
Mars Mission Cargo Launches
Every 26 months, launch windows for Mars open based on Mars oppositions.  Each time, assume that you may launch only 2 successful rockets from Earth. These launches will take equipment and supplies to Mars on a minimum energy trajectory.  You may launch as many supply ships to Mars as you deem necessary, but only two launches per opposition are possible. It will take your supplies 200 days to reach Mars. All systems should have backups, so it may be wise to send more than one critical component, i.e., a second Earth return vehicle to assure that your crew returns safely from Mars.  All launches can include oxygen to Mars to ensure adequate supply.  Please be specific about each of your launches, include all necessary items.  Other cargo launches can be planned, please specify what they contain.
Mandatory Cargo Launch – Mars Habitat

The mission profile requires that the surface habitat and laboratory be sent to the Mars surface one Mars opposition before your crew launches.  The habitat must land safely and function perfectly before any humans are launched to Mars.  The surface laboratory will contain non-perishable food supplies for the crew.  Possible items for the habitat include a utility truck, tools, spare parts, and a remotely controlled rover.  Please be specific about what the habitat includes.

Cargo Launch – Earth Return Vehicle (ERV)

A fully fueled Earth return vehicle is delivered to Mars orbit on the minimum energy trajectory. The spacecraft will contain supplies for the crew on their return to Earth and it will be identical to the habitat used by the astronauts during their transit to Mars. The ERV includes an Earth re-entry capsule in which the crew will land on Earth.

Cargo Launch – Mars Ascent Vehicle (MAV)

This launch will send mission critical equipment to the surface of Mars, also on the minimum energy trajectory. The payload will consist of an unfueled Mars ascent vehicle (MAV), a liquid oxygen/methane propellant production module, a 160 kW nuclear power module, a supply of liquid hydrogen, a utility truck, and a pressurized rover.

Mars Mission Profiles
Each team must study the description of the three mission profiles that are recommended below and may choose one of them.  Any other feasible mission profile will be considered.  Use the Mission Timeline Planning document provided to plan your mission.

The Short-Stay Mission
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The short-stay mission profile provides Mars stay times of 30 to 90 days with a round trip total time of 400 to 650 days. This mission requires a large amount of energy to be expended in transit after taking advantage of a Venus gravity-assist fly-by or a deep space propulsive maneuver in order to limit Mars and Earth entry speeds. The short-stay mission must launch 177 days before Mars Opposition.
Time spent on the Martian surface is relatively short with limited productivity.  Over 90 percent of the mission time is spent in the microgravity environment, allowing little time for the astronauts to recover in the Martian gravity. 

The Venus fly-by leg can last up to 360 days and may occur on the inbound or the outbound leg of the mission.  If used on the way, there is a possibility that your crew may not be able to endure entry maneuvers or to perform effectively on the surface. Because 90 percent of the mission is spent in space with no appreciable recovery time in 0.38g, concerns for the safety of the crew arise from the cumulative exposure to the microgravity environment. Also, the Venus fly-by brings the crewed spacecraft inside of the orbit of Venus (~0.7AU).  Crewmembers will be subjected to more intense solar particle exposure and the spacecraft requires heavier radiation shielding. Special attention to solar activity is needed.  The mission cannot take place during times of maximum solar activity. 

The increased mass of the spacecraft, on a mission with high energy requirements already, would increase energy requirements further. Because propellant is the largest portion of the overall mass of any spacecraft, every attempt should be made to minimize the energy requirements and the mass of any Mars-bound spacecraft. 

Long-Stay Mission (minimum energy) 

The long-stay mission profile provides Mars stay times up to 500 days with a round trip total time of about 900 days. The energy requirements for this mission are the lowest of the three considered profiles; the trade-off is the resulting long transit time (around 250 days). 

The minimum energy trajectory option has the advantage of low energy requirements. This trajectory provides an opportunity to send a more massive spacecraft (i.e. more cargo) at the same cost of a smaller spacecraft following one of the more energetic trajectories. By maximizing the payload of each launch vehicle, we can minimize the number of launches necessary to transport the required surface equipment. 
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The disadvantage of this trajectory for a crewed Mars mission is the crew's long exposure to the microgravity environment. Risks to a crew following the minimum energy trajectory are similar to those described previously in the short-stay profile. Radiation and microgravity exposure are still quite high, although not as much shielding is required since the spacecraft would never be inside of Earth's orbit.

The minimum energy trajectory is ideal for cargo transport from Earth to Mars. An unmanned cargo vehicle could carry a maximum payload to Mars at a minimum energy cost without the risks associated with a crewed vehicle.  

All equipment (cargo) will be sent to Mars on this trajectory on a one-way basis.
Long-Stay Mission (fast transit) 

Similar to the minimum energy Long-Stay profile, this mission profile provides long surface stay times. With sensible increases in propulsive energy, the travel times to and from Mars can be reduced by up to 100 days each way (one-way travel times range from 120 to 180 days), allowing surface stay times to a total of 600+ days. Total round trip time for a fast transit mission is typically under 900 days.
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With current propulsion technology, a point is reached where it is no longer reasonable to increase propulsive impulse in order to decrease travel time. The fast transit mission profile minimizes crew exposure to the microgravity environment and maximizes surface stay time while keeping energy requirements within reason.

While the fast transit energy requirements are higher than those of the minimum energy trajectory, the physical and mental benefits to the crew are unquestionably worth the investment. Additionally, the surface stay time is maximized by the fast transit profile that will allow for maximum surface productivity. It should be noted that, due to the orbital characteristics of Earth and Mars, fast transit times are only available for the Long-Stay mission profiles.

This chart compares the relative mission times from the website listed below
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Material from the National Space Science Data Center (NSSDC) Mars website has been used in this document.  http://nssdc.gsfc.nasa.gov/planetary/planets/marspage.html

Possible Landing Sites

Factors to be considered when choosing landing site for the mission include the possible presence of water, the amount of solar energy available, radiation levels, site terrain, site temperatures, and presence of dust storms. Sites that have been previously investigated by robotic missions may be safer because of the information the probes have gathered. 

Terrain: Sites with a flatter terrain ensures that the landings can take place safely without damage to equipment or the crew.  A flatter terrain also enables expeditions outside of the base.

Solar Energy: Because Mars rotates in approximately 24 hours, solar energy can serve for some of the power requirements.  Landing sites closer to the equator receives a higher and more constant amount of solar energy. 

Radiation: The amount of radiation must be at acceptable levels. The rarified atmosphere of Mars provides little radiation protection and the effects of radiation can be mitigated through sheltering underground or using shielding on the surface.  

Site temperatures: Although the habitat inside temperature will be controlled, avoid temperature extremes that require more energy. Site temperatures should be as high and as constant as possible.  Sites closer to the equator are preferable.

Water: Exploring the possibility of water sources for future colonization is one possible goal of science experiments. There are stores of water ice on Mars at the north and south poles; however, a polar landing site has not be considered because of temperature extremes and variations, a lack of solar energy during large parts of the year, and the possibility of severe dust storms. There is some evidence there may be water ice stored in the regolith of Mars at mid- and low latitudes. 

Dust storms: Dust storms are a minor hazard as they would reduce navigability, resulting in the potential stranding of expeditions, and would also disrupt radio contact between expeditions and the base. They could also disrupt radio communications between the base and Earth. 

The four sites that have been pre-selected for the Post 633 Mars Mission are Chryse Planitia, Gusev Crater, Hellas Basin, and Utopia Planitia. 
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 Post 633 Mars Mission Landing Sites
Gusev crater

Gusev Crater is about 145 km (90 miles) wide located along the boundary between Mars' southern highlands and its lowland northern plains. Gusev crater is one of the most favorable sites to consider for the incoming exploration of Mars. It has been demonstrated recently that this crater has a history of water ponding and sedimentary deposition.  It provides exceptional possibilities to document the evolution of water, climate changes, and possibly the evolution of life on Mars through time. For these reasons, it is probably one of the most interesting sites to target human exploration. This site has been studied by the Mars Exploration Rover, Spirit that landed at 14.5 oS × 175.4oE on the crater floor.
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Image of Gusev Crater taken by Viking Orbiter

Hellas Basin

The Hellas Basin is an enormous impact crater in the southern hemisphere, 1800km across and 8km deep. Several large volcanoes are found around the rim. The interior contains a complex of plains called Hellas Planitia that should provide a reasonable landing site. The atmosphere is thicker at the floor of the basin than other locations on the planet.  This may offer more effective parachute braking. There are more generally more clouds, opening the possibility of an active hydrologic cycle. This site has not been explored by robotic missions, although the probe Mars 2 crash landed at the southern edge in 1971.
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Hellas Basin from Mars Orbit

Utopia Planitia

Utopia Planitia is a low plain in the northern high latitudes of Mars that was created by a very ancient meteoroid impact that should allow for a safe landing. It is on the edge of the Elysium volcanic complex, which contains three huge volcanoes and may have been the site of an ancient sea. Being at the mid-latitudes where temperatures are lower, it is more likely than equatorial sites to have supplies of liquid water in the sub-surface. This site was visited by Viking 2 in 1976.  Coordinates of the Viking 2 landing site are 22°N × 49°W.
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This image was taken by Viking 2 of Utopia Planitia

Chryse Planitia 

Chryse Planitia is a flat plain in the northern mid-latitudes of Mars, east of Valles Marineris. It was the site of the Viking 1and Pathfinder landings. It is believed that groundwater from ancient aquifers was released under extreme pressure may have drained into Chryse Planitia.  It may have been the site of an ancient lake or small sea.  There was much evidence of ancient water at the Pathfinder site, including streamlined sandbars and mixed rocks, and the terrain was generally flat. Viking 1 landed on Mars at 22.487°N × 48.041°W.
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Viking 1 Image of Chryse Planitia

You may also choose your own landing site, and give the reasons why you would go there.  It must meet the requirements given in this document for appropriate landing sites. 

Mars Mission Spacecraft and Surface Operations
General Housekeeping 

There are important issues regarding general housekeeping and trash storage as well the time and facilities necessary. Anticipate the volume of trash and try to eliminate the source of trash instead of storing it.  There must be supplies for each crewmember to clean their own personal area.  All crewmembers must share in the cleaning of public areas. When on the Mars surface, steps should be taken to minimize the amount of Mars dust that finds its way inside the habitat.

Wardroom and Food Preparation 

The wardroom and galley area of the spacecraft and the surface habitat allow for meals and other group activities. There must be adequate space and equipment for the entire crew to perform various activities associated with eating, briefing, or entertainment. Temperature-controlled food storage and food heating units will be located here.  There should be a short meal preparation and cleanup time.  Foods and food storage systems must meet a 5+-year shelf life storage requirement. Dietitians will help to anticipate the nutritional requirements for long-duration spaceflight and menu planning will involve all crew- members. Include plans for a group meal at least once a day.

Crew Health/Medical Operations 

Medical operations while in space and on Mars means creating an effective medical support infrastructure as the needed medical attention may occur inside of the spacecraft or habitat as well as while the crew is away from the habitat.  Each crew must be trained to deal with medical emergencies and must have the necessary knowledge and technologies to maintain human health.  Systems and procedures must be present to prevent, diagnose, and treat illness and injury especially on the Martian surface. Your Earth support team will include a group of physicians with the appropriate skills and training to support the Mars mission remotely. Because of health issues in the microgravity, teams may elect to perform appropriate human experiments that will assist in monitoring the health and safety of the crew.
Crew Quarters

Crew quarters on the spacecraft and in a Mars surface habitat should include a reconfigurable bed, noise reduction, and time cues to allow crew members to obtain satisfying sleep. Crewmembers must allow others privacy and personal time.  Placing two crewmembers in one room with sides separated by a removable partition may be a good plan.  Provide storage space for personal belongings, a workstation, and place for personal decorations within each crew chamber.  Provide similar or identical crew quarters for all crewmembers.

Personal Hygiene

There is a need for hygiene facilities to allow all personal hygiene activities including a full-body cleansing system, a clothes cleaning system that eliminates the need for disposable clothes. There must be regular personal hygiene times at the beginning and end of every day, after exercise periods, and before and after an EVA. Each crewmember needs a personal hygiene kit.

Off-Duty and Recreation 

There must be equipment and facilities for both group and individual off-duty entertainment that offers a variety in all entertainment supplies.  There should be a small area to allow crew members to socialize privately as well as personal workstations in crew quarters.  There should be adequate communication with friends and family back home.  Crew schedule should balance work and off-duty time.

Exercise Equipment and Programs
There is a need for exercise on long-duration space missions; therefore the spacecraft and habitat must provide the necessary equipment.  There should be an entertaining side of the exercise programs that will encourage crewmembers to take advantage of a variety of exercise equipment. Crewmembers will need a dedicated gym area that is removed from high traffic areas. The mission will include research on the long-term effects of partial gravity and microgravity on the human body. 

Inspection, Maintenance, and Repair 

Constant inspection and maintenance will be required for safe operations of the spacecraft and the Mars surface habitat.  Important issues regarding the time and facilities necessary include a dedicated shop area and portable workbench for equipment, spare parts, and tools that can be contained in a small space. Equipment and systems that do not require constant human intervention or part replacement will be necessary.  All crew must be trained to use the equipment and it should be possible to fabricate of spare parts from raw materials.

Initial Surface Operations 
Teams should decide upon the sequence of activities the crew will perform during the first several days on the surface of Mars. These activities are focused on reaching a “ground operational” state that allows exploration activities to begin. The habitat must be connected to surface power, thermal control, high volume communication, and the life support system operations and checkout in first few days after landing.  Remember that extended exposure to a microgravity environment on the long voyage will cause de-conditioning of the human body. The crew should not be expected to be available for critical tasks during the first several days after landing due to the need for adaptation to a Mars gravity environment. This means tasks that occur during the first days may be automated because the crew’s physical condition may place restrictions on the tasks that can be performed.
Mars Surface Operations

Exploration Field Work 

Tools and equipment must be maintainable in the field and the Extravehicular Activity (EVA) suit/tool interface must accommodate the environmental conditions. Some maintenance may be performed in the field versus maintenance at the outpost. There must be navigational aid for the EVA team and communication between the EVA team in the field and the outpost.

Surface Transportation 

Surface transportation must include a rover(s) to be available to the crew. Rovers allow distant sites to be visited and additional equipment to be deployed. Field maintenance and crew safety are important issues.

Remote Field Camps 

Remote field camps can be set up to increase the capability to remain in the field for many days or weeks. This may increase the ability to perform daily EVA excursions and support many experiments.  Provisions must be made to resupply consumables from the central base, perhaps once per week.  Once activities at a given site are complete, you may relocate the field camp.

Mars Surface Studies

Field Experiments

Conduct field experiments as needed, such as deploying field instruments, collecting rock samples, or drilling a core, etc. Obtain images of the surface and of materials to collect information and document the mission.  Operate remote systems to extend field work to greater distances and to extend the operating range. Possible investigations include meteorology, geology, deep-drilling, and life science.

Conduct preliminary analysis of samples

Use the laboratory on Mars to confirm field identification of rock type, texture, and mineral presence, search for physical indicators of life (fossils, structures). Study samples that could be taken back to Earth. Support field investigations, and select samples to be returned at the end of the mission.

Communicate findings to geology team on Earth

Daily communication with the Earth when possible will allow a wide range of scientists on Earth to be involved in planning surface exploration. A large amount of information will be transmitted. 

Life Sciences Experiments 

The life sciences research will be conducted while traveling in the spacecraft and on the surface of Mars.  Monitoring crewmembers for health and fitness during strenuous surface exploration activities will be necessary. Studying the effects of the reduced Mars gravity on humans may support planning for future missions and spacecraft.  The active search for evidence of past or present life may lead crewmembers to environments where the crew must evaluate the level of toxicity or biohazard hazard.   Special precautions and packaging procedures for samples must be taken to protect crewmembers.  Document the presence of Martian life forms, currently or in the past. Surface investigaters must also take care to prevent human contamination of Martian organisms. Quarantine procedures may be necessary. 

Preparation for Mars Departure 

Mars surface crew has duties to perform when preparing to depart the Martian surface.  The crew must perform a thorough checkout of the ascent vehicle and the Earth return vehicle. All surface systems must be left in an appropriate order for operation for when no surface crew is present.

Welcome Home!

Upon returning to Earth, a press release must be produced that discusses the successful Mars mission, highlighting the contribution of crew members, the most exciting discoveries and commentary on life away from Earth.
Information sources for this document:

The Mars Surface Reference Mission:  A Description of Human and Robotic Surface Activities.  TP-2001-209371

CHAOS 2004 - Theme: Mission MARS, PART 1: Physics Question, paper by Tran Mai Phuong, Wee Liang Er, Tan Shao Min and Trinh Duc Linh

National Space Science Data Center (NSSDC) http://nssdc.gsfc.nasa.gov/planetary/planets/marspage.html
NASA’s Mars Landing Catalog 

http://cmex.ihmc.us/MarsTools/Mars_Cat/Mars_Cat.html
This document was prepared by Dawn Jenkins, Advisor, Explorer Post 633 Human Space Flight

Mars Mission Timeline Planning Document

Depending on the Mission Scenario to be used, this timeline can be populated.  Remember, only two launches are allowed per launch window.  All cargo ships take 200 days to travel to Mars with minimal energy expenditure.  The last date that the launch window is open is exactly 200 days before the date of opposition and launches will only be possible in the window that is open for only 20 minutes everyday because of the Earth’s rotation.

Launch Window:  7/16 - 8/16/2011

Opposition: Mar 3 2012









 

LW: 8/20 – 9/20/2013

Apr 8 2014 













LW: 10/4 – 11/4/2015

May 22 2016











 

LW: 12/8/2017 - 1/8/2018

Jul 27 2018











 

LW: 2/27 – 3/27/2020

Oct 13 2020 













LW: 4/22 – 5/22/2022

Dec 8 2022
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LW: 5/30 – 6/30/2024

Jan 16 2025











 

LW: 7/3 – 8/3/2026

Feb 19 2027











 

LW:  8/6 – 9/6/2028

Mar 25 2029











 

LW:  9/16 – 10/16/2030

May 4 2031











 

LW:  11/9 – 12/9/2032

Jun 27 2033











 

LW:  1/27 – 2/27/2035

Sept 15 2035













