ENGR 106 – Fall 2005

MEA 3 - A

Laboratory 8

Model Eliciting Activity (MEA) 3 - Part A

NASA Advanced Life Support - Individual Activity

(Estimated Time: 20 minutes)

Read the following article, view the attached figure, and individually complete the exercises that follow.

Background Material


Adapted from NASA Advanced Support website (http://advlifesupport.jsc.nasa.gov/)

When humans embark on long duration missions such as the establishment of bases on the Lunar surface or travel to Mars for exploration, they will continue to need food, water, and air.  A Lunar surface mission, or mission on the moon’s surface, can last for 10 years.  For these long duration missions it may not be economical or practical to resupply basic life support elements (such as food, water, and air) from Earth.  Any mission that does not receive resupply elements from Earth is referred to as a closed loop system and it must sustain the life of the astronauts while in space.   The National Aeronautics and Space Administration (NASA) and the space community need to develop systems to purify their water supply, regenerate oxygen, and remove undesirable components from the air.  
A base life support system that would perform these regenerative functions is included in the goals of the NASA Advanced Life Support Program.  Such a system would be a closed loop system in which the growth of crop plants would contribute to the life support functions.  The natural function of plants would provide food and contribute to water purification, air revitalization, and even the processing of waste materials. All systems would have to operate under the restrictions of minimizing volume, mass, energy, and labor.  

A base life support system refers to all of the systems required to maintain life during the mission.  There are several components, or subsystems, of a base life support system.  Some subsystems are air, cabin, clothing, food, waste, and water.  For example, a water subsystem is used to purify the water supply to obtain non-potable water and consumed water. Non-potable water is used for hygiene, laundry and to flush urine.  Consumed water is for food preparation and drinking.

Research on human life support began in the 1950's with oxygen regeneration using algae. NASA's interest in such systems became more focused in the late 1970's in order to support long-term space missions. Since that time, the Advanced Life Support Program at NASA has examined growing plants for food and oxygen regeneration, and the use of physico-chemical and biological methods to process waste into usable resources. At the Johnson Space Center a number of tests have been completed with human test subjects to determine the efficiency, reliability, and effectiveness of regenerable systems for long duration missions. 



Figure 1 shows a base life support chart from the NASA Center for Mars Exploration.  This chart is educationally-oriented and used to study basic considerations and connections between various elements for sustaining basic life support on a mission.  For example, the chart shows that a base greenhouse may be used to provide some of the food astronauts need for survival and would be an important element in a bioregenerative life support system.  
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Figure 1.  Base Life Support Chart, NASA

Source: http://cmex-www.arc.nasa.gov/CMEX/Life%20Support.html FYI: The online map has links on the chart for entities such as water and autonomous control.

Individually:

1.
Access MEA 3 through the online assignments page and answer the following questions individually through the Individual Response section. 

2.
In the space provided, generate a list of factors that your team must consider when choosing an appropriate waste disposal/handling system for a mission.

3.
Explain why each of the factors you listed in part 2 has an effect on the system.

4.
Once you have submitted your individual response, request the memo from NASA from your TA.  Read the memo individually.

	INternal Memorandum

To:

Engineering 106 Team

From:

Wally Anderson 



Researcher, NASA Specialized Center of Research and Training 
Subject:

NASA Advanced Life Support 
Welcome to the NASA Advanced Life Support research team.  NASA researchers are in the process of designing an air subsystem for a base life support system needed for a future space mission.  Each space mission has a custom set of constraints that must be met.  NASA researchers will design many different air subsystems for a particular space mission and will need a way to compare different subsystem designs.  One of the ways to compare different subsystem designs is to compare their masses.   Mass is often used to roughly estimate the cost for design and development of aerospace equipment. 
NASA must consider not only the mass of the equipment but other factors as well. The five major variables typically used for selection include mass, volume, power, cooling, and crew time.  These five components are required to make a life support system function as intended, while allowing the crew to pursue the experimental and exploratory goals of the mission.  NASA also builds and evaluates systems based on their performance, including safety and reliability.  Therefore, NASA will use the five components as only one method to evaluate systems.  There are many other tools that will be used to evaluate the designs before the system actually is launched.

NASA needs a procedure for comparing different air subsystems based on the five major variables.  This is where your team comes in.  We need a reusable method for ranking the air subsystems.   First, we need your team to develop a general procedure to compare air subsystems that would work for any NASA mission.  Next, we will have your team utilize your procedure and rank three possible systems (Subsystem A, B, and C) for the next mission.  

Attached you will find a set of data from NASA which has been ranked by NASA experts.  Use the data to establish a reusable method for determining the “value” of a particular air subsystem.   The three test case sets of data are provided for your team to rank in order of which system you would recommend for the next mission. 

Thank you,

Wally Anderson 



Model Eliciting Activity (MEA) 3 – Part B

NASA Advanced Life Support – Team Activity

(Estimated Time: 50 minutes)

You should work with the team assigned by your TA.  Before you start this task, select one team member to be the Timekeeper, another to be the Recorder, another to be the Meeting Coordinator, and one to be to be the Encourager/Gatekeeper. Once you have decided on the role of each member for this lab session, begin working on this task with all members of your team working at one computer. 

The team Timekeeper should monitor the time spent on tasks. Keep in mind the estimated completion time.   The team Recorder should serve as the initial keyboard operator.
DO NOT SUBMIT YOUR TEAM MEMO UNTIL 

YOU ARE COMPLETELY DONE WITH THIS TASK!!!
1.
Gather around one computer and access one of the team member's MEA 3. Refresh the screen.  This will enable you to see all of your individual team member's individual responses and allow you access to the Team first draft.  Within your team, compare your answers to the individual questions.  If there are different responses, your team must come to consensus on what the answers should be. 
2.
Reread the memo sent to your team from Wally Anderson. Make note of all specific directions given to your team to successfully complete this task.
3.
In the space provided for your team, write the body of a memo to Wally Anderson at NASA that includes: 

· A detailed explanation of your team’s general procedure for ranking a set of proposed air subsystems.  

· An explanation of how your team used your general procedure to rank the three test case subsystems.

· Show the rankings of the three test case subsystems and include any numerical values or assumptions used to determine the rank order.

· Discuss what additional data is needed from NASA to improve your procedure.

Be sure to Submit your team's work when you are completely done with this task.  

Your TA will provide feedback via the MEA 3 portal when they grade your work.  

4.
Email all electronic files used to develop your procedure to each team member.
NASA DATA SHEET

Mission: Orbiting Research Laboratory: Internal Space Station for a duration of 10 years.  For this mission, astronauts will receive certain new supplies every few months.   

Mass: The total mass of the system includes the mass of the unit as well as the tools required for maintenance and emergencies.
Volume: The total volume of the system includes the volume of the unit itself and construction materials.  

Power: The total power requirement of the system. This is based on the amount of power available from the system and is not time dependant.  The power is generated from a power plant. 

Cooling: The total cooling requirement of the system.  Cooling is needed because most of the power that is consumed in a life support system is released as heat. 

Crew Time: The total crew time required to maintain the system over a given period of time.
SUBSYSTEMS RANKED BY NASA EXPERTS
Use this data to create your team’s general procedure. Assuming that these systems have the same function, reliability, and safety requirements, NASA experts have ranked the following subsystems from best (Subsystem 1) to worst (Subsystem 5).
	
	Subsystem 1
	Subsystem 2
	Subsystem 3
	Subsystem 4
	Subsystem 5

	Mass (kg)
	19000
	20000
	19000
	22000
	19500

	Volume (m3)
	75
	72
	75
	74
	73

	Power for subsystems (kW)
	6.1
	6.02
	5.7
	6.1
	6.3

	Cooling power (kW)
	6.25
	6.1
	5.9
	6.3
	6.4

	Crew time (CM-hr/wk)
	0.052
	0.052
	0.055
	0.054
	0.06


TEST CASES
After creating your team’s general procedure, use your procedure to rank the following three subsystems.
	
	Subsystem A
	Subsystem B
	Subsystem C

	Mass (kg)
	18500
	19000
	19000

	Volume (m3)
	72.15
	73.15
	75

	Power for subsystems (kW)
	6.20
	6.15
	6.10

	Cooling power (kW)
	6.30
	6.55
	6.35

	Crew time (CM-hr/wk)
	0.052
	0.045
	0.040




















