NASA Case Study in Project Management


The X-38 CRV Technology Demonstrator
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“When operational, the CRV will be an emergency vehicle to return up to seven International Space Station (ISS) crewmembers to Earth. It will be carried to the space station in the cargo bay of a space shuttle and attached to a docking port. If an emergency arose that forced the ISS crew to leave the space station, the CRV would be undocked and - after a deorbit engine burn - the vehicle would return to Earth much like a space shuttle. The vehicle's life support system will have a duration of about seven hours. A steerable parafoil parachute would be deployed at an altitude of about 40,000 feet to carry it through the final descent and the landing. The CRV is being designed to fly automatically from orbit to landing using onboard navigation and flight control systems. Backup systems will allow the crew to pick a landing site and steer the parafoil to a landing, if necessary.

X-38 Vehicle Design
“The X-38 design closely resembles the X-24A lifting body flown at Dryden from April 1969 to 1971. Wingless lifting bodies generate aerodynamic lift - essential to flight in the atmosphere - from the shape of their bodies.

“The three prototype X-38s used in the atmospheric flight testing program are 24.5 feet long, 11.6 feet wide, and 8.4 feet high, approximately 80 percent of the planned size of the CRV. The prototypes are designated V131, V132, and V131R. The V131 prototype was modified for additional testing beginning in the summer of 2000 and now carries the designation V131R. A fourth prototype, V133, will incorporate the exact shape and size of the planned CRV.

“The atmospheric test vehicles, built by Scaled Composites, Mojave, Calif., are shells made of composite materials such as fiberglass and graphite epoxy, and strengthened with steel and aluminum at stress points. Vehicle weights range from 15,000 pounds to about 25,000 pounds. They land on skids - reminiscent of the famed X-15 research aircraft - instead of wheels.

“The fourth X-38 in the program will be V201, the space-rated vehicle that will be flown back to Earth from an orbiting space shuttle. NASA is constructing it at the Johnson Space Center. Its inner compartment, representing the crew area, will be a pressurized aluminum chamber. A composite fuselage structure will enclose the chamber and the exterior surfaces will be covered with a Thermal Protection System (TPS) to withstand the heat generated by air friction as the vehicle returns to Earth through the atmosphere. The TPS will be similar to materials used on the space shuttles, but much more durable - carbon and metallic-silica tiles for the hottest regions, and flexible blanket-like material for areas receiving less heat during atmospheric reentry.

“Inertial navigation and global positioning systems, similar to units used on aircraft throughout the world, will be linked to the vehicle's flight control system to automatically steer the vehicles along the correct reentry path during atmospheric tests and during the space flight test. Using global positioning already programmed into the navigation system, the flight control computer becomes the autopilot that flies the vehicle to a predetermined landing site.

“The U.S. Army originally developed the design of the parafoil that deploys in the atmosphere and carries the X-38 to Earth. The shroud lines of the steerable parachute are attached to risers linked to actuators controlled by the flight control system. The flight control system receives inputs from the inertial navigation and global positioning units to determine where the vehicle is and steers the parachute until it gets to its destination. During the descending flight, the direction and speed of any winds are calculated by the flight control system and steerage corrections are automatically made. The parafoil guidance system also predicts wind direction across the landing zone and automatically turns the vehicle up wind for a safe landing. 
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“During atmospheric tests at Dryden, the X-38s are dropped from the wing pylon of NASA's B-52 launch aircraft at altitudes ranging from 25,000 feet to 45,000 feet. The higher altitudes give engineers more time to study vehicle aerodynamics and handling qualities during its controlled, unpiloted gliding descent before the steerable parachute is deployed.

X-38 Test and Development Schedule

“X-38 flight-testing began in March 1998 with Vehicle 131 and it will continue atmospheric testing with Vehicle 133 through 2004 or 2005. Vehicle 131 was taken aloft by the B-52 launch aircraft for several captive-carry flights beginning in July 1997 to study its aerodynamics while attached to the aircraft's wing pylon. Two brief free flights followed, in March 1998 and February 1999, to study launch characteristics and to assess the operation of the parachute, from deployment of the small drogue through reefing of the main parafoil and landing. Data from the two flights have helped improve drogue deployment and led to landing skid improvements.

“Following the two flights, Vehicle 131 was returned to Scaled Composites to be modified into the actual shape of the future CRV. The vehicle, designated V131R, was delivered to the Johnson Space Center where navigation, guidance, flight control, and parachute deployment systems were installed. The modified vehicle has the aerodynamics and atmospheric flight capabilities of the full-size CRV needed for a series of up to six atmospheric test flights scheduled for the summer of 2000. The primary objectives of the flights are testing and validating the parachute deployment and steering systems, along with the vehicle's automatic flight control system. 

Low Cost and In-House Learning

1. “Total projected cost to develop and flight test the X-38s is approximately $500 million. Using available technology and off-the-shelf equipment for up to 80% of the vehicle has significantly reduced project costs, when compared to other space vehicle projects. Original estimates to build a capsule-type CRV were more than $2 billion in total development cost.

2. “About 100 people, mostly civil servants, are currently working on the X-38 project at the Johnson, Dryden, and Langley centers. The X-38 project is the first in which a prototype space vehicle has been built-up in-house by NASA at the Johnson Space Center, rather than by a contractor. By building the vehicles in-house, NASA engineers will have a better understanding of the problems contractors might experience when they build vehicles for NASA.

The Flight Test Roll

3. Up through the summer of 2000 five successful drop tests had been conducted on the V131 vehicle. By fall 2000, the newly enlarged V131R vehicle was ready for its first flight test. On November 2, 2000 soon after the V131R was released from under the B-52 it rolled through 360 degrees actually flying upside down momentarily. The flight team was able to regain control, deploy the parafoil and land the craft safely. Subsequent investigation focused on flight software and coding issues. 

At this time there was tremendous pressure to ‘return to flight’ on the project as the test team at Dryden was ‘waiting around’ and the program had been very promising so far for the dollars invested. In reviewing the roll incident, it appeared the team felt there was a good story to explain the abnormal behavior and felt confident that it was addressed. Steve, the lead aerodynamist on the team was willing to proceed but said he was uncomfortable since this was a phenomenon he had not seen before. He recommended more wind tunnel tests before another flight-drop test.

4. More wind tunnel testing would delay the project. The V131R vehicle was testing the larger volume craft similar to what was needed for an actual crew return vehicle. The contractor was eager to move ahead, complete the testing and go on to the full-scale vehicle. The project team faced a choice of going ahead or spending more time on the ground to fully understand the roll incident.  It was now February of 2001 and a decision needs to be made.

What Do Your Think?

5. Discuss the risks of flying now and the risks of delaying with more testing?

6. Be prepared to share your group’s decision and rationale in the class discussion.







� The main text of this case (in quotes) was excerpted from the Dryden Fact Sheet on X-38 downloaded from the web at: � HYPERLINK "http://trc.dfrc.nasa.gov/Newsroom/FactSheets/FS-038-DFRC.html" ��http://trc.dfrc.nasa.gov/Newsroom/FactSheets/FS-038-DFRC.html� on February 28, 2006. This case was developed for the purpose of discussion and training. It is not a comprehensive nor authoritative account of the X-38 project. For information about this case contact Ed Rogers, at NASA’s Goddard Space Flight Center in Greenbelt Maryland, Tel:  301 286-4467 or email at � HYPERLINK "mailto:edward.w.rogers@nasa.gov" ��edward.w.rogers@nasa.gov� 
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