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I. INTRODUCTION

This publication constitutes a Broad Agency Announcement (BAA) as contemplated by  American Unnamed Bipartisan Intergovernmental Entity  (AUBIE). A formal Request for Proposal (RFP), solicitation, and/or additional information regarding this announcement will not be issued at this time. Request for same will be disregarded. AUBIE will not issue paper copies of this announcement. AUBIE reserves the right to select for award all, some, or none of the proposals in response to this announcement. AUBIE provides no funding for direct reimbursement of proposal development costs. Technical and cost proposals (or any other material) submitted in response to this BAA will not be returned. It is the policy of AUBIE to treat all proposals as sensitive competitive information and to disclose their contents only for the purposes of evaluation.

This BAA is soliciting proposals for traditional and innovative concepts in four areas:
The first is the Preliminary Concepts for Mars Launch and Propulsion Systems. This concept area focuses on a “system-of-systems” approach for Mars exploration. Specific areas of focus include lift capability and propulsion efficiency.
The second concept area focuses on the Crew Exploration Vehicle (CEV) Structure and Crew Compartment Integration. This will include CEV concepts, architectures, structural design drivers, launch considerations, entry considerations.

The third concept area focuses on the Electrical Power System for the CEV.  Specific areas include power generation, storage, distribution and control.

The fourth concept area is the Environmental Control and Life Support System (ECLSS) for the CEV.  To be considered are: Oxygen, Purification, Temperature and Humidity Control, Food, Water, Sanitation, Fire Detection, Pressure Monitoring and Regulation, and Gas Analysis systems.
All proposals should consider safety, reliability, sustainability, affordability, and extensibility/evolvability as well as  risk specific to achieving the goal of a crewed flight by 2014.
All areas will require trade studies to justify final design selection.
AUBIE’s safety policy, prioritizes safety to protect: (1) the public, (2) astronauts and pilots, (3) the AUBIE workforce (including contractor employees working on AUBIE contracts), and (4) high-value equipment and property. AUBIE document 1852.223-70 defines safety as the freedom from those conditions that can cause death, injury, occupational illness, damage to or loss of equipment or property, or damage to the environment. 

Based on notice of intent, contractors will be notified which concept area they may propose under.
II. GENERAL INFORMATION

Agency Name: AUBIE
Research Opportunity Title: Concept Exploration and Refinement

Program Name: AUBIE Research Office for Conceptual Systems (ROCS)
Response Date: Electronic Proposals are due November 18, 2004 4:30 CST

Selecting Official: AUBIE ROCS Program Executive Officer (PEO) 

Points of Contact: All questions shall be directed to the cognizant AUBIE Office as

specified below:


Program Executive Officer: James S. Voss

Telephone: (334) 844-2894 (office)

Email: vossjam@auburn.edu 
Instrument Type(s): It is anticipated that contracts will result from this solicitation.

Firm-fixed-price completion contracts are contemplated with commercial firms. Cost plus-fixed-fee contracts and cost reimbursement (no fee) contracts will be considered

with universities and non-profit organizations.

Additional Information: The BAA and related documents may be obtained over the internet, in Microsoft Office Format, at:  

http://www.eng.auburn.edu/users/vossjam/AERO4730.html
III. ELIGIBILITY INFORMATION

All responsible sources may submit a proposal, which shall be considered. Historically Black Colleges and Universities (HBCUs) and Minority Institutions (MIs) are encouraged to submit proposals and join others in submitting proposals.  AUBIE centers are directly participating in the ROCS requirements development process and are conducting related studies via ongoing task agreements. Consequently, AUBIE center participation as a lead or partner on this BAA is not permitted.

Foreign proposals or U.S. proposals with foreign participation shall be treated in

accordance with AUBIE Doc 1835.016-70 
IV. NOTICE OF INTENT 
This process will start with registration as a BAA proposer via the e-mail address
above. This registration will serve as Notice of Intent (NOI) to propose, and should be

completed no later than 4:30 CDT October 7, 2004.
NOI should be submitted in Microsoft Word format on company letterhead and include a statement of your intent to compete for the contracts in each concept area.  State why your company is qualified to receive a contract for further concept refinement.  List team members with their areas of expertise and responsibility to show your company has the assets necessary to compete.  
V. PROPOSALS

Upon notification by AUBIE, contractors can initiate work on authorized concept proposals.  The following administrative instructions apply:

Proposal Submittal and Organization. All proposals shall be submitted by electronic

means via the following e-mail address:   vossjam@auburn.edu
Proposals shall be organized into three parts plus a summary as shown below:


Summary 

Part I Technical Concepts and Systems Considered

Part II Trade Studies and Results

Part III Technical Solution, Integration and Concept Definition
Summary. The one-page summary shall provide an executive summary of the results of the concept refinement and should include overview, concept, technical approach and results
Part I: Technical Concepts, and Systems Considered.
AUBIE ROCS is seeking concepts and  systems to conduct exploration of Mars, and beyond. Industry is expected to collaborate with the ROCS the requirements team at AUBIE Headquarters including providing analysis, trade studies, and supporting data.  This will include evaluation of future spirals.
Concept Area 1 Preliminary Concepts for Mars Launch and Propulsion Systems. Based on the Vision for Space Exploration, the offeror shall make recommendations for a technical solution for launch and in-space propulsion systems for the Crew Exploration Vehicle (CEV) in support of a mission to Mars.  Identify systems and subsystems that are solutions to leaving the Earth’s surface and traveling to Mars. The proposal shall identify  possible solutions then analytically compare them.
Concept Area 2 Crew Exploration Vehicle (CEV) Structure and Crew Compartment Integration.  The proposal shall identify the structure to be used for a Crew Exploration Vehicle (CEV) including shape, form and material selection.  The proposal shall identify  possible solutions then analytically compare solutions for a CEV.  The offeror shall address CEV design drivers, launch considerations, launch vehicle integration, and including crew compartment design.
Concept Area 3 Electrical Power System for the CEV.  The proposal shall identify  system candidates for power generation, storage, distribution and control of electrical power to be used for a Crew Exploration Vehicle (CEV).  The proposal shall identify  possible solutions then analytically compare solutions for a CEV.  The contractor shall address CEV, launch considerations, and launch vehicle integration.

Concept Area 4 Environmental Control and Life Support System for the CEV.  The proposal shall identify candidate solutions for Oxygen, Purification, Temperature and Humidity Control, Food, Water, Sanitation, Fire Detection, Pressure Monitoring and Regulation, and Gas Analysis systems.   The proposal shall identify possible solutions then analytically compare solutions for a CEV.  

Part II Trade Studies and Results
Discuss the technical trade study approach and methodology utilized.  Include any assumptions and testing completed.  Completed trade studies and results should be documented here.   Proposals that select solutions utilizing new or unproven

technologies shall provide development plans that support the mission objective.

Part III Technical Solution
Provide recommended technical solution and justification.  The solution must be capable of meeting the 2014 objective of crewed access to Mars
VI. FORMAT
Maximum Pages:  30

Summary page, title page, contents and appendices are excluded from the page count.

A page is defined as one (1) sheet 8 ½ x 11 inches using a minimum of 12-point font

size for text and 8 point font for graphs.

Any pages over the stipulated limitations will not be evaluated.

Proposals shall be submitted in MS WORD 

VII. SUBMISSION OF LATE PROPOSALS

Proposals received by the AUBIE after the latest date and time for receipt will not be

accepted.

VIII. EVALUATION INFORMATION

Proposals will be evaluated based on technical merit.  AUBIE reserves the right to select part of a proposal.

Multiple Awards. AUBIE plans to award multiple concept exploration contracts that

represent the best integrated concept portfolio.   AUBIE may divide the contract awards based on  the technical content and approach of competitors.

Data Rights. All data produced and delivered under the contract will be “unlimited

rights” data under FAR 52.227-14. The resultant contract will also contain an advanced

agreement that provides for protecting the competitive nature of contractor’s design

solutions relating to submissions while retaining the AUBIE’s right to use all unlimited rights data for defining, deriving, and/or validating requirements. AUBIE will not incorporate Contractor’s specific design solutions into the requirements. 

Contract Deliverables.  A final report and final review will be required
Additional information and details required for proposal submission are provided in the following appendices:

Appendix A  -  AUBIE-ROCS CEV Proposal Guidelines

Appendix B  -  Overall Mission Statement and Objectives

Appendix C  -  Overall Mission Requirements and Constraints

Appendix D  - Crew Exploration Vehicle Subsystem Budgets

Appendix E  -   Subsystem Requirements

Appendix F  -  Conceptual Drawing

Appendix G  -  CEV Pressurized Volume

Appendix H  -  CEV Crew Compartment

Appendix I  -  CEV Crew Compartment Dimensions
Appendix A AUBIE-ROCS CEV Proposal Guidelines

 

Final Concept Proposal (Written Document) due:  November 18, 2004 

Oral briefings will be presented: November 30 and December 2, 2004
 

1.    Your team will complete an analysis of the possible systems to meet one of the concept areas in the Broad Agency Announcement (BAA) for a Crew Exploration Vehicle (CEV) to carry a crew from Earth to Mars orbit and return.  

2. Your team will submit a written proposal describing the design and the process used to arrive at the proposed design.  The design process used should be similar to the one presented in class and in the textbook.

3. Your team will present an oral briefing of your proposed subsystem.
4. The briefing will be limited to 30 minutes, should use visual aids, and to demonstrate depth and strength of the team, all team members must participate in the oral presentation.

5.  One bound hard copy of the proposal will be submitted, bearing the signatures, and names of the participating team members.  In addition, one copy of the proposal and all oral presentation viewgraphs shall be submitted electronically via e-mail or on a CD.
6.  The final proposal should be no more than 30 pages (including graphics and text) on 8.5” X 11” paper with minimum 0.75” margins, double spaced.  Font size must be at least 12 pt, with the exception of figures as long as the figure retains clarity.  Appendices may be added in addition to the page limit if needed.

7.  Format:  Cover sheet with  title, names, signatures, class, date; table of contents/figures; introduction; background information if appropriate; drawing or schematic of subsystem to aid understanding; body; appendices; references.

8.    Each member of the team should contribute to the written proposal, again to demonstrate depth and strength of the team.  The authors of each major portion must be identified, and their organizational position stated.

9.     The quality of the technical proposal is an important factor in the award of a contract. It should be concise, specific and completely describe all aspects of the technical design. 

10.     The proposal should describe a technical design that complies with each of the requirements specified in the BAA.  
11.     Legibility, clarity, and completeness of the technical approach are primary factors in the evaluation of the proposals.  
12.      The proposal should highlight any areas of technical concern (risk factors) for the subsystem.   If a low TRL, a test plan should be included that will insure bringing the system to flight readiness.  

13. The design, including drawings, sketches, analyses and discussion of novel techniques, should be presented in sufficient detail to allow for an engineering evaluation of the proposal.  A detailed explanation, including rationale, for any assumptions should be made to the stated or derived technical requirements.

14. Teams should thoroughly describe the system trade approach as well as trade evaluation tools used to derive the proposed design.  Major sub-system trade study decisions must be documented.
15.  For the purposes of this design project, we will assume that the human mission to Mars will launch within the next 10 years.  This BAA solicits proposals to build subsystems for the Crew Exploration Vehicle for the mission described below 

Appendix B   Overall Mission Statement and Objectives

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 3 crew.  The CEV total cost is budgeted for US $40 billion.


 Mission Objectives
•Primary Objectives:

–Transfer people from Earth to Mars orbit and return them safely

–Return Martian material samples from Mars orbit to Earth

•Secondary Objectives:

–Continue international partnership from ISS

–Build infrastructure for continuous transfer operations to and from Mars 

Appendix C   Overall Mission Requirements and Constraints 

	Constraints
	CEV examples

	Cost
	< US $40 billion

	Schedule
	Launch within 10 years

	Regulations
	Applicable international laws

	Political
	Maintain public support

Maintain partner support

	Environment
	Deep space extremes

Limit radiation exposure to NASA standards

	Interfaces
	Partner interoperable ground communication sites

	Development
	Launch with current or proposed launch vehicle

	Human
	Limit very low gravity to 6 months

	Requirements
	CEV examples

	Performance
	Transfer crew from Earth to Mars orbit

	Duration
	Minimum of 6 months transfer time to Mars and 6 months return to Earth
Minimum crew of 3

	Logistics
	6 months of supplies must be provided

(Logistics for Mars exploration and return will be pre-positioned on Mars)

	Survivability
	Human rated

Probability of safe crew return must exceed 0.99

	Operations
	Minimize complexity and cost

Systems ground team and flight crew controllable 

	C3
	Continuous communication and data link

Autonomous operations possible


Appendix D  Crew Exploration Vehicle Sub-system Budgets

	System
	Allowed Mass

(kg)
	Allowed Cost

(Billions of Dollars)

	Structure and Crew Compartment
	25,000
	15

	Launch and Propulsion
	10,000
	9.2

	Thermal Protection
	10,000
	1.8

	Electrical Power
	15,000
	2.8

	Crew Accommodations
	12,000
	1.2

	ECLS
	10,000
	2.4

	Avionics
	8,000
	4.2

	Landing Capsule
	20,000
	N/A

	EVA/Robotics
	3,000
	0.6

	Maintenance and spares
	7,000
	0.8

	Reserve
	10,000
	2.0

	Total
	130,000
	40.0


Appendix E    Subsystem requirements
This document defines the subsystem level requirements for the Crew Exploration Vehicle (CEV).  

Source Reference: JSC 28351 Rev B Crew Return Vehicle Requirements Document 10/8/99

1.0  Structures 
1.1 General

1.1.1  The CEV shall withstand external and internal mechanical and thermal loads resulting from all CEV flight phases, transportation , ground and launch loads and their associated environments.
1.1.2  The structure of the CEV shall provide structural accommodations, attach points and attachment provisions for vehicle subsystems and equipment, crew items, vehicle handling equipment, and any other element requiring structural interface with the vehicle.
1.1.3  The structure shall provide dimensional stability to elements requiring alignment.

1.1.4  The structure shall provide adequate venting and draining of the pressurized volumes and those containing fluids.

1.1.5  The structure shall be in accordance with SSP 30559 Section 3.0 Structural Design and Verification Requirements.
1.1.6  The structure of the CEV shall provide for containment of a delta pressure across the walls of the pressurized volumes of 5 to 20 psia (34.5 to 138.0 kPa) with an additional safety factor of 1.4  for ultimate strength of the pressure vessel.
1.2 Structural assembly

1.2.1  The structure of the CEV shall be able to be launched on currently available launch vehicles, either in one or multiple parts.
1.2.2  If launched in parts, the structure must be able to be assembled robotically or by EVA.
1.2.3 If launched in parts, the concept must include a detailed assembly plan.
1.2  Window, Glass and ceramic structural design

1.2.1 CEV structural window, glass and ceramics shall meet the structural design requirements in accordance with SSP 30560, Glass, Window ands Ceramic Structural Design and Verification Requirements.
1.3  Micrometeroid and orbital debris(MMOD) protection
1.3.1  The CEV shall be designed to a probability of no penetration (PNP) of pressure vessel from MMOD impacts in accordance with SSP 41000 section 3.3.12 as follows: 

 PNP> (0.9998981) A      where A= surface area in m2     (duration = 2 years)
1.3.2  The CEV shall be designed to a probability of no loss of CEV critical functions from MMOD impact no less than 0.95 (duration = 2 years).

1.3.3  The CEV shall have provision for MMOD shielding augmentation.
1.4  Crew compartment

1.4.1  The crew compartment shall provide adequate volume to include all mission critical systems and meet the standards for optimal volume set in NASA STD 3000.
2.0  Environmental Control and Life Support System (ECLSS)
All ECLSS life critical equipment shall be two fault tolerant.

2.1 Fire Detection and Suppression System

2.1.1 Fire Detection

The CEV fire suppression system shall provide a redundant means to detect smoke and provide such indications to the vehicle command and data handling system.  Separate sensors may be used if needed for these two operations.

2.1.2 Fire Suppression

The CEV shall use fire suppressant fluids in the crew cabin which meet current ISS standards (i.e. CO2 or water) and may be hand held or installed.  Pressurized equipment bays external to the crew cabin shall use remotely discharged Halon as a suppressant.

Automatic discharge of suppressants shall be controlled by redundant sensors to reduce the chance of inadvertent discharge.

2.2  Atmospheric Revitalization System (ARS)

2.2.1 Cabin Temperature Control

The ARS shall provide for control of temperature over a range of 17°C and 35°C.   
2.2.2  Humidity Control

The ARS shall maintain the cabin dew point in the range of 4 °C to 18 °C.  

2.2.3  CO2 Control

The ARS shall provide CO2 control below an average level of 7.6mm Hg  (1013 Pa).  The ARS shall provide means to detect high levels of CO2 and provide such indications to the vehicle command and data handling system.

2.2.4  Filtration

The ARS shall provide for filtering the air of particles > 70 microns.

2.2.5  Trace Contaminant Control System (TCCS)

The ARS shall provide means to prevent build up of trace gasses and odors within the NASA standard for Spacecraft Maximum Allowable Concentrations.
2.2.6  Air Distribution

The ARS shall provide for distribution of conditioned air to all crew locations and along internal crew compartment skin locations to prevent condensation.

2.2.7  Inter-deck Ventilation

The ARS shall provide means to interchange air between decks and compartments in the crew module.  
2.3  Pressure Control System (PCS)

2.3.1 Total Pressure Control

The PCS shall supply oxygen and nitrogen to maintain total cabin pressure in the range of 14.5 to 14.9 psia (100.0 kPa to 102.7 kPa).  

2.3.2  PPO2 Control

The PCS shall normally maintain the cabin PPO2 in the range of 2.95 – 3.45 psia (20.3 kPa to 23.8 kPa).  In a contingency the PCS shall maintain the percentage of O2 concentration to < 26% at 14.7 psia (101.3 kPa) to 40% at 8.0 psia (55.2 kPa).

2.3.3  Cabin Purge

The PCS shall provide the capability to purge 95% of any contaminant from the cabin air within 1 hour.  The lowest pressure allowed during the purge shall be limited to 8.0 psia (55.2 kPa).

2.3.4  Emergency Oxygen

The PCS shall provide oxygen to breathing masks for emergency use by all crew simultaneously.  

2.3.5 Pressure Equalization

All crew module hatches shall provide a means of pressure equalization across the hatch.

3.0  Propulsion and Reaction Control System

All critical propulsion and reaction control components shall be two fault tolerant.
3.1  Main Propulsion System

The CEV propulsion system shall provide all necessary impulse for all orbit changes from LEO to Mars orbit (Trans Mars injection, Mars orbit insertion, Trans Earth injection, and Earth orbit insertion).  

3.2  Reaction Control System (RCS)

The RCS shall provide attitude control for the transit to and from Mars, 650 days in Mars orbit and 30 days contingency .

3.3 Control accuracy 

The RCS shall maintain attitude within 1 degree of commanded in all three axes.

3.4  Isp 

CEV Isp shall be sufficient to allow transit to Mars in less than 120 days and return to Earth in less than 120 days unless an artificial gravity system is incorporated in the design.  In that case Isp shall be sufficient to allow transit time each way to be less than nine minths 
4.0  Guidance, navigation and control – TBP

5.0  Thermal Control System
The CEV TCS shall provide redundant methods of thermal control, each of which shall provide for nominal avionics heat rejection and maximum crew metabolic heat loads.
5.1  Passive Thermal Control

The CEV shall incorporate passive thermal protective shielding  adequate to maintain primary crew compartment structure temperatures within the range of  10° - 20° C and external structure temperatures within – 40° C to + 40° C.
5.2 Active Thermal Control
The active TCS shall have redundant coolant loops, and all critical equipment shall be two fault tolerant.  The active TCS shall not allow introduction of any toxic substance into the cabin.
5.2.1 Structural Thermal Control

The CEV shall use active thermal control to maintain structural crew compartment internal skin temperatures at 22° + 5° C.  

5.2.2 Cabin Air Thermal Control

The CEV TCS shall provide 2 heat exchangers capable of removing 20 kW each from the cabin air.

5.2.3  Equipment Thermal Control

 The CEV TCS shall have the capability to support 40 equipment cold plates internal to the cabin with 1kW heat capacity each.   The cold plate mounting surface temperature shall not exceed 50° C, with a maximum avionics cold plate heat load of 3500 Watts.
5.3  TCS Control 

Control of the TCS shall nominally be automatic, but must allow crew intervention to control critical functions.  All automatic valves and switches shall have manual over ride.  
5.4 TCS Monitoring

System parameters shall be provided to the CEV command and data handling system to allow sufficient monitoring of the system for insight into operations and troubleshooting.  Such parameters shall be in the downlink data and available for crew monitoring.

5.5 Condensation control

All parts of the TCS that are of a temperature that could cause condensation shall be insulated to prevent such condensation.

6.0  Electrical power 
The CEV shall incorporate a self sufficient electrical power supply with a minimum 3 year operational lifetime.
6.1 Voltage

The CEV Electrical Power System (EPS) shall provide continuous 28 VDC +/- 2V.
6.2  Power

The EPS shall be able to supply adequate power for all nominal and emergency conditions. 
6.2.1  The initial electrical power budget for systems is 30 KW delivered at the user equipment
6.2.2  The EPS initial design shall allow for 10% growth in power needs and 10% degradation in power production over the life of the program.
6.3  Redundancy

The EPS shall be two fault tolerant for all life critical components and one fault tolerant for all mission critical components.
6.3.1  The number of independent primary power distribution busses shall be equal to the highest redundancy level of the powered systems.
6.3.2  The redundant functions of all critical systems shall be supplied by different power busses.
6.4  Back-up power

  A back-up EPS capability shall be provided to supply 5 kW hours of emergency power during primary EPS system maintenance.
7.0  Extra Vehicular Activity (EVA)

The crew shall have the capability to perform extravehicular activity within 2 hours of notification of a contingency situation.

7.1  Extravehicular Mobility Unit (EMU)

The EMU shall provide all life support functions for a crew member for 8 hours without servicing and 12 hours with external recharging/servicing which does not require exiting the EMU.  EMU shall support a metabolic rate of 1013 kJ/hr.
7.2 EMU Mobility and Dexterity

The EMU shall allow sufficient mobility to move to any location on the outside of the CEV and sufficient dexterity to allow completion of any maintenance task consistent with previous EVA experience.

7.3 EMU Size

7.3.1  EMU Internal Size

The EMU shall accommodate crew sizes from the 5th percentile female to the 95th percentile male.  
7.3.2  EMU External Size

The EMU shall be able to fit through a hatch with diameter of 1.4 meters.
7.4  EMU Don/Doff

A crew member shall be able to don or doff the EMU without assistance.

7.5  EMU Restraints and Aids

7.5.1 Restraints
The EMU shall have provision for two fault tolerant safety restraint or recovery and means to rigidly secure the EMU at a worksite and allow use of two arms/effectors.

7.5.2  Aids

The EMU shall have lights, tool tethers. tools, cameras, communication system and any other aids to allow normal EVA operations
7.6  EMU Maintainability

The EMU shall be able to be maintained by the crew and shall allow use for three years and a minimum of 30 EVAs.

7.7  EMU Displays and Controls

The EMU shall have crew accessible controls for all critical functions and shall have displays adequate to assess the state of the EMU.  A means of displaying procedures shall be provided.

7.8  EMU Caution and Warning

The EMU shall have warnings provided to the crew in the EMU for failure of all critical hardware and for leaks.

8.0  Avionics - TBP

9.0  Landing capsule - TBP

10.0  Maintenance - TBP

11.0  Crew systems - TBP

12.0 Mechanisms – TBP

13.0  CEV Robotics System (ERS)

The CEV shall have a robotic system operable from the inside of the crew module.

13.1  Robotics Capability

13.1.1  Mass Handling Capacity

The CEV shall have a robotic arm with capability to move a 20,000 kg object.

13.1.2  Robotics Movement

The CEV shall have a robotic arm with capability to move an object located on the aft end of the vehicle a minimum distance of 10 meters from the CEV.

13.1.3  Robotic Reach

The robotic arm end effector must reach all external parts of the crew module

13.1.4  Robotics Control

The ERS shall have six degree of freedom (DOF) motion and control in all six DOF.
13.1.5  End Effectors

The ERS shall have an end effector that can interface with modules, on orbit replacement units or tools.

13.2  Robotics Crew Interfaces

13.2.1 Crew Control

The ERS shall be controllable by the crew to within 5 degrees in rotation and 10 centimeters in translation in all axes.
13.2.2  Crew Insight

The crew shall be able to view the robotic arm at all times while it is in motion.

13.3  Robotics aids


The Robotic system shall have lighting, video cameras and end effectors to support operations. 

13.4  Robotics Safety

The robotics system shall have a means of braking the ERS in nominal operations and immediately stopping all motion of the ERS in an emergency.

Appendix F  CEV Conceptual Drawing
Concept only – not final design
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Appendix G CEV Pressurized Volume
Concept only – not final design
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Appendix H  CEV Crew Compartment       Concept only – not final design
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Appendix I  CEV Crew Compartment Dimensions





Concept only – not final design
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