Well done proposal.  Very few administrative errors (3).  There were several technical issues - in particular a disconnect with another team and some trades not done.  Also, I did not see work by all team members – it is admirable to carry weak team members, but program managers are there to help fix sub par performance.  
Overall grade 82%.
Col Voss
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Summary

Written by: Jeannie Jackson, Amy Wood, and BJ Jordan

Solar Systems Incorporated has been researching the structure and crew compartment integration of a Crew Exploration Vehicle (CEV) that will travel to Mars within the next ten years. Project Managers have studied all essential design parameters for this mission. First, design options for the crew compartment were considered. This included the addition of artificial gravity to the design concept. The final CEV design includes a nuclear propulsion unit attached to a circular truss, enclosing a main fuel tank and 8 additional fuel tanks around the perimeter of the truss, which is perpendicularly attached to the crew compartment at its mid-section.  Next, several materials were compared quantitatively through a trade study. Materials were analyzed for radiation shielding, the pressurized crew compartment, micrometeoroid and orbital debris protection, extreme environmental variations, as well as the CEV rivets. A combination of aluminum, polyethylene, and Kevlar were chosen for the shell of the crew compartment. It was decided that the truss will be composed of 6061-T6 Aluminum. The reactor shielding chosen consists of beryllium, tungsten, and lithium hydroxide. A cylindrical tank of liquid hydrogen will be placed in front of this shielding to add extra protection. The weight of all segments was kept to a minimum. The crew compartment’s final weight is 16,000 kg which meets the requirements of a maximum weight of 25,000 kg. The weight of the truss, the main fuel tank, the external fuel tanks, and the fuel will be 367973.2 kg and the total assembled length will be 20.5108m
. Solar Systems Incorporated has completed a design that will carry its crew safely to Mars and home again. Furthermore, Solar Systems Incorporated remains within its budget of $22.8 billion.
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Introduction

Written by: Jeannie Jackson

In the early years of the Space Age, American citizens and engineers alike assumed that the moon landing was only the first step in a sequence of manned flights that would lead to Mars within the following decades. But in the 1970s, the National Aeronautics and Space Administration, NASA, budget was cut by two thirds. This eliminated Mars from even the most optimistic NASA timetable. NASA’s remaining energies were concentrated on programs such as the space shuttle and later the International Space Station. 

Nevertheless, in the last decade interest in traveling to Mars has begun to rise once again. Companies such as Boeing and Lockheed Martin have examined various propulsion systems and orbital trajectories available to reach the red planet. Furthermore, the innovative new aerospace company Solar Systems Inc. has been researching another key component to a successful mission to Mars. Their focus is on the structure and crew compartment integration of the Crew Exploration Vehicle.

Structure and crew compartment integration are vital to a healthy spacecraft for several reasons. First, the structure of the craft must protect the crew from the hazardous space environment. Second, in a long duration mission the structure of a spacecraft must take into account the effects of low gravity on its crew. Therefore, the advantages and disadvantages of artificial gravity must be weighed. Third, as always in the space industry, weight must be kept to a minimum. In spite of this, the crew must be given ample personal space.

Solar Systems Incorporated has developed a design for the structure and crew compartment integration of the Crew Exploration Vehicle that addresses all of these crucial criteria. Their design could finally make the long awaited manned flight to Mars a reality.
Problem Statement and Design Considerations

Written by: Timothy Monk




Overall Mission Statement
An international partnership is going to send humans to Mars to explore the planet within the next 10 years.

The mission design will provide for a crew vehicle to carry a crew of three. The Crew Exploration Vehicle, CEV, total cost is budgeted for $40 billion. The Structure and Crew Compartment Integration cost is budgeted for $22.8 billion.
Areas of Interest


When designing a mission as complex as a manned mission to Mars, several design parameters must be considered. One major area of interest is the crew compartment and its infrastructure. First and foremost, this vehicle must provide protection and life-sustainability for the crew that will inhabit it for a year or more. This protection not only includes isolating the interior from the vacuum of space and providing a breathable atmosphere, but it also includes protecting the human inhabitants from the radiation present in space, impact from micrometeoroids, and the low-gravity environment that the crew will be subjected to. Once these parameters of crew survival are met, the mission objectives must be considered, which are:

· Obtaining an orbit around Mars

· Returning Martian samples from Mars orbit to Earth

· Continuing ISS Partnership

· Build infrastructure for continuous transfer operations to and from Mars 
Discussion of Essential Design Factors

Written by: Jeannie Jackson and Timothy Monk
During the design phase of the structure and crew compartment for a Crew Exploration Vehicle, numerous individual components were analyzed. These include but were not limited to: material selection, safety, radiation levels, considerations for artificial gravity, overall structure shape, truss size, fuel tank size, the crew’s psychological health, and crew compartment integration. Each component has its own set of requirements as well as a list of possible solutions. However, the final decision for each component of the structure and crew compartment for a Crew Exploration Vehicle was based on one variable, weight.


The material selection process must consider several different areas of the Crew Exploration Vehicle structure. First, materials used for shielding must be considered. A material must be selected that will protect the crew from radiation released by the nuclear propulsion system in addition to the radiation found in space. Since the allowable limit of radiation per crewmember is 20 Rem/year
, the shielding of the entire CEV, as well as, the crew sleeping compartment must be examined. Next, a material should be chosen for the pressurized crew compartment. This unit will have to contain an atmosphere of 12.5 psia
 and withstand the vacuum of space. In addition to the stresses caused by these pressure differences, the outer wall will have to withstand the potential impact of small micrometeoroids and other orbital debris. Also, a material must be selected that can withstand extreme temperature variations. Finally, a material should be chosen for the rivets of the Crew Exploration Vehicle structure
. In order to choose the correct material, several materials will be compared quantitatively through a trade study. In this manner, the space-worthiness of each can be found. The materials that would adequately accomplish their stated purpose with the least thickness possible were chosen. The thickness of each material must be kept to a minimum to aid in keeping weight to a minimum. 


One constraint on this proposal is that low gravity be limited to six months. Therefore, several artificial gravity concepts were considered. The model selected to produce artificial gravity will produce approximately one-third the gravity found on Earth. This smaller model was chosen over other large scale circular options because it is thought to provide the best results possible with a much lighter weight.


The truss dimensions for this Crew Exploration Vehicle depends primarily on the size of the fuel tank and the distance needed to protect the crew from radiation in the nuclear propulsion system. The first idea contemplated was that one fuel tank would contain all the required fuel and the truss would surround this tank. However, this would require a considerably large tank. Ultimately, it was decided that dividing the fuel into nine tanks would be the best solution. Eight of the tanks surround a center tank with the truss encompassing only the center tank. First, this drastically reduces the size and weight of the truss. Also, once the fuel is emptied from four of the outer tanks they may be released from the structure. This will reduce our weight once again. 


Lastly, the crew’s psychological health and well being must be considered in every design. A crew with a better overall mental health will perform better. Therefore, the crew compartment has been divided into various rooms. Some rooms replicate a work environment while others are made to reflect the comforts of home. Personal space is an important part of any spacecraft. However, this space must fit inside a limited volume to minimize weight.


Weight is what drives this design for the structure and crew compartment of a Crew Exploration Vehicle for two reasons. First, the Crew Exploration Vehicle will be carried to space by NASA’s space shuttle orbiter
 in different segments and assembled through Extravehicular Activities and with the help of robotics. Therefore, the weight of each segment must be no greater than what the space shuttle propulsion systems can carry. The orbiter is capable of carrying a payload as heavy as 29,483.5 kilograms. However, NASA has set the limit of cargo the orbiter may carry to 20,411.66 kilograms as a safety precaution. Second, by minimizing the weight of the structure, the weight of fuel required to transport the structure is also minimized. In most space design concepts, a limited weight is vital because weight effects cost. In essence, for most designs, cost is the driving factor. However, for this design, Solar Systems Incorporated was allotted substantial funds. We do not estimate cost to be problematic.

Part I Technical Concepts and Systems Considered
Crew Compartment Design Analysis

Written by: Matthew Hall and Josh Doyle 

In choosing a design for the crew compartment of the crew exploration vehicle, several design parameters were considered.  The main driving parameter in this design process was to get the maximum amount of volume
 into orbit with a single launch.  The United States Space Shuttle was considered as a primary launch device.  


In the consideration of using the space shuttle, there were two major factors.  As mentioned earlier, the usable payload volume of the space shuttle cargo bay needed to be able to carry a crew compartment that would meet the volume requirements set by the Environmental Control and Life Support team.  The second major factor in choosing the space shuttle as a launch vehicle is that the total mass of the crew compartment will have to be within the shuttle’s lifting capacity which is 25,000kg.


Once these two factors were found to be possible, a shape and layout for the crew compartment had to be developed.  Two major designs were considered.  For each of the two designs, a cylindrical crew compartment shape will be used in order to maximize the useful volume on the space shuttle. The cylinder will have an exterior diameter of 15 ft and an exterior length of 45 ft. Design A has the long axis of the cylinder aligned with the long axis of the truss which creates the need for four or five stories with each story having a circular floor plan. Design B places the long axis of the cylinder perpendicular to the truss with the attachment at the mid-span of the cylinder. This layout will be one long floor spanning the length of the cylinder.
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Figure 1: Crew Exploration Vehicle Design Option A
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Figure 2: Crew Exploration Vehicle Design Option B (rotation out of page)

Design B was chosen for several reasons. One reason was the simplicity of having only one floor. Holes cut in each floor would take up useable space. Also, walls placed in design B could be thinner and lighter than the floors placed in design A because the walls do not need to support loads. To keep from walking on a curved surface, a plane 2.5 feet
 above the bottom of the cylinder will be chosen for the floor. This distance still gives a fairly tall ceiling (8 feet at edge to 10.5 feet in center). The space underneath the floor will span 45 feet in length and will provide approximately 803 cubic feet for storage.  The usable width of floor space will be 10.247 feet giving a total floor area of 461 square feet.
Part II Trade Studies and Results

Discussion of Materials Selected
Written by: BJ Jordan and Timothy Monk
Trade Study by: Amy Wood, BJ Jordan, and Timothy Monk
Micrometeoroid and radiation shielding is taken into account when designing the spacecraft.  Two types of radiation will be present on the mission.  These sources include nuclear radiation from the reactor and radiation from the space environment.  NASA has published its annual radiation dosage limit for crewmembers to limit long-term health risk.  This annual dosage limit is 300 rem/ crewmember
.  For the mission to Mars, which will last a total of one year, this limit must not be exceeded.  Several steps were taken to determine the amount of protection needed.


The radiation dosage that the crewmembers will be subjected to from the nuclear reactor with proper shielding is about 10 rems. The shielding used will be what is known as a typical shadow shield. By having the shield located between the reactor and the propellants, heating and eventual boiling of the propellant will be eliminated. The radius of the shadow-shield will be a value of 37cm. This shadow shield will be composed of three materials: beryllium, tungsten, and lithium hydroxide. With the beryllium at a thickness of 18cm, the tungsten at a thickness of 2 cm, and the lithium hydroxide at a thickness of 5 cm – the radiation is eliminated to a value of 0.001% 
of what it would have been originally. For further reduction, a liquid hydrogen tank will be placed immediately on the crew-side of the shadow shield. With a radius of 40cm, this tank will be slightly larger than the shadow-shield. This will ensure acceptable protection from the nuclear radiation that will be present on the mission. 


Inherent to the space environment is radiation that is ever-present. The shielding needed to protect against this radiation will come in many forms. The first layer of protection will be the aluminum pressurized vessel.  Aluminum was chosen using trade study located in Appendix A, Table 3. Using Aluminum 2219-T851, the thickness needed to reduce the radiation to zero is 35 cm.  Manufacturing the crew compartment with this thickness is nonsensical however. Since our pressurized vessel will utilize a wall thickness of 0.5 cm of Al, this first layer of shielding will reduce the annual exposure limit to approximately 1000 rem (Appendix B, Table 4).  The next layer of shielding for the entire crew compartment will be a layer of polyethylene shielding. This shielding will be thick enough to provide further reduction to a level of acceptable by NASA standards. In addition, the crew sleeping/exercise section will be surrounded by water in an enclosed pressurized tank. This water will add further protection for the crew, as it contains hydrogen, which is the most useful material when trying to shield from radiation. By instructing the crew to utilize at least two-thirds of their day in this area, the value of total radiation exposure for the duration of the mission will be held well below the set limit of 300 rem.

The crew compartment itself will have to contain an internal pressure of 12.5 psi
 to provide an atmosphere capable of sustaining human life. Given that small fluctuations will be present in this pressure and that space will be considered to be complete vacuum, the thickness of the structure wall can be found. After the inclusion of a safety factor
, a suitable thickness of aluminum for the crew compartment will be 0.5 cm (Appendix B, Table 5). However, this thickness is only designed to hold the pressure of the internal atmosphere. It does not include impact with micrometeoroids. To minimize weight and provide the safety desire, Kevlar will be used to provide micrometeoroid protection. By assuming that all potential micrometeoroids will be less than 1 gram, their relative velocity with respect to the spacecraft will be about 5 km/s, and all the Kevlar material properties – the thickness of the Kevlar needed to protect the spacecraft will need to be 3 cm. By using the combination of these materials, crew safety and well-being will be insured.
Discussion of Truss and Fuel Tanks
Written by: Amy Wood

Table by: Eldon Triggs


The truss does not need to be protected from radiation therefore the truss can simply be made of 6061-T6 Aluminum. This material has high strength and a relatively low density making it the ideal choice for the truss material. In order to decrease the length of the truss needed, it was found through analysis that dividing the fuel into nine tanks would be the optimal choice. 
Table 1: Truss and Fuel Tanks Analysis
	Main Fuel Tank
	Add-On Tanks (8 total)
	Truss (8 tubes)


	Diameter
	4.572
	meters
	Diameter
	2.5
	meters
	Diameter
	0.2032
	meters

	Length
	20.5108
	meters
	Length
	20.5108
	meters
	Length
	20.5108
	meters

	Material
	6061T-6 Aluminum
	Material
	6061T-6 Aluminum
	Material
	6061T-6 Aluminum

	Thickness
	0.00635
	meters
	Thickness
	0.00635
	meters
	Thickness
	0.00635
	meters

	Volume(metal)
	2.699823
	meters^3
	Volume(metal)
	1.268432
	meters^3
	Volume
	1.309515
	meters^3

	Density
	2700
	kg/m^3
	Density
	2700
	kg/m^3
	Density
	2700
	kg/m^3

	Weight (Empty)
	7289.522
	kg 
	Weight (Empty)
	3424.766
	kg 
	Weight
	28285.52
	kg 

	Weight (Full)
	83539.52
	kg 
	Weight (Full)
	32018.52
	kg 
	 
	
	 

	
	
	
	Weight (Empty)
	27398.13
	kg
	additional
	15498.48
	kg

	
	
	 
	Weight (total)
	256148.1
	kg
	
	
	 

	
	
	 
	Total Fuel
	339687.6
	kg
	total weight
	43784
	kg

	 
	
	 
	 
	
	 
	 
	
	 

	Spherical End
	
	 
	Spherical End
	
	 
	Tube
	
	 

	Radius
	2.286
	meters
	Radius
	1.25
	meters
	Radius
	0.2032
	meters

	Inner Rad
	2.27965
	meters
	Inner Rad
	1.24365
	meters
	Inner Rad
	0.19685
	meters

	Vol Out
	49.62416
	m^3
	Vol Out
	8.057181
	m^3
	Vol Out
	2.660602
	m^3

	Vol Inside
	50.04
	m^3
	Vol Inside
	8.181231
	m^3
	Vol Inside
	2.496912
	m^3

	Tube
	
	 
	Tube
	
	 
	
	
	 

	Radius
	2.286
	meters
	Radius
	1.25
	meters
	Total For truss, MFT, and Addon Tanks

	Inner Rad
	2.27965
	meters
	Inner Rad
	1.24365
	meters
	Weight
	62973.17
	Empty

	Vol Out
	336.7324
	m^3
	Vol Out
	100.6822
	m^3
	 
	367973.2
	Full

	Vol Inside
	334.8643
	m^3
	Vol Inside
	99.66182
	m^3
	 
	 
	 


Cost Estimate
Written by: Josh Doyle


The Advanced Missions Cost Model (AMCM) developed by Johnson Space Center was used to obtain a rough initial cost estimate for the crew compartment. The truss was not included in the estimate. It should be noted that the estimate is only accurate as to the order of magnitude of the cost.  The formula for AMCM is as follows:
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System Cost output is given in millions of dollars. The values for the constants and variables used are as follows:

                                 Table 2: Cost Estimate Values
	Constants

	α  
	0.000565

	β  
	0.5941

	Ξ  
	0.6604

	δ
	80.599

	ε
	3.8085E-55

	Φ
	-0.3553

	γ
	1.5691


	Variable Inputs

	Q (quantity)
	1

	M (Mass in lbs)
	45000

	S (Specification)
	2.39

	IOC (Initial Operating Capability)
	2014

	B (Block)
	1

	D (Difficulty)
	-1.8


Using these values, the calculated system cost is 3.56 billion dollars.
Part III Technical Solution, Integration and Concept Definition
Final Design Decisions 
Written by: Amy Wood, Matthew Hall, Josh Doyle, and Timothy Monk
Solid Edge Designs by: Eldon Triggs

The complete structural design for the crew compartment, truss, fuel tanks, shielding, and nuclear propulsion unit is shown below in Figures 3 and 4. In Figure 3, it can be seen that the crew compartment will be connected perpendicularly to the truss at the mid-section of the crew compartment. The crew compartment will be brought up as one piece in the space shuttle payload bay. The truss will be brought up on two separate launches and attached to the crew compartment. The truss will be composed of 6061-T6 Aluminum and have a total mass of 43784 kg. The shape of the truss will be a circular frame. Within this truss, a fuel tank with a shell material volume of 2.7 cubic meters and a total mass of 83539.52 kg. Around the perimeter of the truss, there will be 8 fuel tanks each with a shell material volume of 1.27 cubic meters and a total mass of 32018.52 kg. These external tanks will be used on the mission to Mars and will then be jettisoned off the truss on the return mission. This design was chosen to minimize the size and mass of the main fuel tank.  
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Figure 3: Front View of the Crew Exploration Vehicle

Figure 4 shows the nuclear propulsion unit and the radiation shielding. The propulsion unit will be brought up on a separate launch and will be attached to the truss behind the radiation shields.   
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Figure 4: Back View of the Crew Exploration Vehicle

 
The crew compartment alone can be viewed in Figures 5 and 6. Within these figures, the thickness of the walls can be visualized. The attachment to the truss as well as the airlock can also be seen. Figure 6 shows a possibility for the floor, walls, and ceiling within the crew compartment. Depending on what may be placed around the walls or ceiling, they may be changed to fit the mold of the object.
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Figure 5: Side View of the Crew Compartment
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Figure 6: Cross-Section of the Crew Compartment


A layout of the ECLSS systems, avionics, sleeping quarters, and other rooms can be seen in Figure 7. The sleeping area was placed at one end of the crew compartment to avoid the majority of the noise produced by various systems. Hygiene and kitchen areas were placed next to the sleeping area. The other two main sections are the recreation/exercise area and the work/controls area. The airlock was placed on the opposite end from the sleeping area.
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Figure 7: Interior Breakdown of Crew Compartment


To aid in heat dissipation, a thermal control system is integral.  Heat from the crew compartment will be moved to radiators oriented around the habitat.  The radiators will be stored during the initial boost by laying them flat along the outer wall of the compartment.  They will be deployed on a hinge mechanism so that both surface areas may be used for heat dissipation.  A conceptual drawing is shown in Figure 8.  The radiators are shown in the stored and deployed configurations.
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Figure 8: Radiators for the Crew Exploration Vehicle

�Why 4 decimal places? – I don’t believe you can manufacture such a large object to that accuracy


�You do not need to include so much history in a technical proposal.  You should use the allocated space for technical issues


�What is the source of this information?  Reference data inserted as fact.


�This is a disconnect with the ECLSS group.  They used a lower value for their atmospheric pressure


�You never say where you use rivets – I don’t know why they have received such emphasis – usually space structures are welded or machined, not riveted. 


�This does not agree with the Launch and propulsion team’s launch plan.


�Cost is always a problem


�On page 9 you say weight drives the final decisions – why now is it volume


�Be consistent with units throughout the document – use either feet or meters, etc (or both if desired for clarity in some cases)


�Does not agree with your value on page 9


�Where are the calculations or data to support this?  You must support this type statement


�Again, this is a disconnect with the ECLSS group.  They used a lower value for their atmospheric pressure.  


�This statement implies that you did not include the safety factor in the 12.5 as stated during the briefings but that you added the safety factor above the 12.5 psi value





�Why were tubes chosen over I beams or other shapes?  You need to explain design choices.


�You do not show the ECLSS or avionics locations – there is much more equipment to go inside your structure.  I think the volume available for the crew will be quite small.
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