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EXHIBIT J

FLIGHT SIMULATION FACILITIES
1. The Langley Flight Simulation Facilities are a portfolio of the NASA Agency Strategic Capabilities Assets Program (SCAP) and include the Cockpit Motion Facility, the Differential Maneuvering Simulator, the Visual Motion Simulator, the Test and
Evaluation Simulator, the Development and Test Simulator, the System Integration Laboratory (allows flight hardware to be tied into the simulators), centralized real-time
computer systems, centralized image generator systems, centralized graphics display systems, and centralized data and communications networks.

2. The Cockpit Motion Facility (CMF), located in Building 1268D, is made up of one motion system site and four fixed-base sites. The motion system site contains a six-degree-of-freedom state-of-the-art synergistic motion base with 76-inch extension actuators.  The four fixed-base sites provide homes for the simulator cockpits when they are not resident on the motion system.  The cockpits are fully operational when 
located in the fixed-base sites and run totally independent of each other and the motion system site.  When a research study requires use of the motion system, the appropriate cockpit is moved from its fixed-base site to the motion system by use of an overhead facility crane system and lifting rig.  Each fixed-base site and the motion system site are equipped with quick disconnect features for power, air conditioning, hydraulics, video, audio, data communication and fire detection to allow for rapid changeover.  The four cockpits are the Research Flight Deck Simulator, the Integration Flight Deck Simulator, the Generic Flight Deck Simulator, and a future, undefined simulator.

3. The Research Flight Deck (RFD) Simulator, located in the CMF in Building 1268D, is an advanced all-glass jet transport simulator.  The simulator is currently driven by a Boeing 
757-200 aircraft dynamics mathematical model which has been enhanced through data obtained in Langley’s wind tunnels.  The mathematical model can be changed to any vehicle for which data is available.  In one configuration, the cockpit main instrument panel includes eight Category D size displays on which primary flight information, navigation/map information, engine information, and other specified system parameters are displayed.  In a second configuration the cockpit main instrument panel is completely glass with all 
instrumentation generated by computer graphics.  All displays can be changed to meet 
researcher’s requirements.  There is a heads-up display mounted in front of the pilot, and there is a center aisle stand mounted between the two pilots.  There are two control display units located in the center aisle stand mounted between the pilots.  Each pilot has a two-axes side stick control loader system (both hydraulic and electric systems are available to the researcher) for pitch/roll control and a set of hydraulic control loaded rudder pedals.  The pilot’s side stick controller is mounted on his left side, and the copilot’s side stick controller is mounted on his right side.  The cockpit’s visual system is a panorama system, which provides 200 degrees horizontal field-of-view and 40 degrees vertical field-of-view.  The visual system is driven by a state-of-the-art computer generated image system.  A number of very high detailed terminal area and surrounding area visual data bases are 
available to the researcher.  The RFD is considered equivalent to an FAA certified Level D 
simulator.
4. The Integration Flight Deck (IFD) Simulator, located in the CMF in Building 1268D, is a duplicate of the former NASA Langley Boeing 757-200 aircraft cockpit.  The simulator is 
driven by a Boeing 757-200 aircraft dynamics mathematical model which has been enhanced through data obtained in Langley’s wind tunnels.  The mathematical model can 
be changed to any vehicle for which data is available.  The cockpit includes standard ship’s instruments representative of a line operations Boeing 757-200 aircraft.  There is a heads-up display mounted in front of the pilot.  There are two control display units located in a center aisle stand mounted between the two pilots.  Each pilot has a hydraulic column/wheel control loader system for pitch/roll control and a set of hydraulic control loaded rudder pedals. The cockpit’s visual system is a panorama system, which provides 200 degrees horizontal field-of-view and 40 degrees vertical field-of-view.  The visual system is driven by a state-of-the-art computer generated image system and has the same 
visual data bases available as does the RFD Simulator.  The IFD is considered equivalent to an FAA certified Level D simulator.

5. The Generic Flight Deck (GFD) Simulator, located in the CMF in Building 1268D, is an advanced all-glass generic simulator which can be used to represent a wide range of vehicle types including conventional and advanced transports, such as the Boeing 757 
Aircraft and the Blended Wing Body Aircraft, and spacecraft, such as the HL-20, the Orion Crew Exploration Vehicle, the Altair Lunar Lander, and a generic Planetary Lander.  The 
simulator is driven by the appropriate vehicle dynamics mathematical model for the class of 
vehicle under study.  In one configuration, the cockpit includes four 13-inch liquid crystal display (LCD) units mounted on the main instrument panel on which primary flight information, navigation/map information, engine information and other specified system 
parameters are displayed and three LCD units mounted in the overhead panel.  In an alternate configuration, the main instrument panel is completely glass.  There is a center aisle stand, which also contains two LCD units, mounted between the two pilots.  The LCD units are equipped with touch panel overlays.  The cockpit is designed such that different types of control inceptors can be utilized depending on the particular research being conducted, and are designed for rapid changeout.  Presently, each pilot position can be configured to have one of three types of control loaded inceptors: (1)column/wheel/rudders, 
(2) side stick/rudders, and (3) pedestal mounted center stick/rudders.  The side sticks many 
be either hydraulic systems or electrical systems.  The cockpit’s visual system is also flexible and can be configured in two different ways: (1) Four collimated window systems (two forward and two side units), and (2) two direct view forward windows and two collimated side windows.  The visual system is driven by a state-of-the-art computer 
generated image system and has the same visual data bases as do the RFD and IFD 
Simulators.  International Space Station and lunar data bases are also available.

6. The Differential Maneuvering Simulator (DMS), located in Building 1268A, is a twin-dome air-combat simulator capable of providing a 360-degree field-of-view computer-generated visual environment and projection of up to two target aircraft for each dome.  The cockpits 
provide an all-glass instrument environment, each with three heads-down displays, one heads-up display and several small backup instruments.  Each cockpit includes a three-axes control loader system and an audio cue system for engine sounds, weapon systems, 
etc.  This simulator is used to examine future aircraft designs, modifications to existing aircraft, aircraft handling qualities, control system design, display system design, etc.  The DMS is also being considered for space-related simulations including rendezvous and docking of the Orion capsule with the Altair lunar lander, Altair lunar landings, and surface operations of a lunar rover vehicle.

7. The Visual Motion Simulator (VMS), located in Building 1268A, is a generic cockpit mounted on a six-degree-of-freedom synergistic motion system.  The left side of the cockpit is configured to represent a generic transport and the right side is configured to represent a generic fighter or helicopter.  Both sides of the cockpit are outfitted with three heads-down displays (primary flight display, navigation/map display and engine display), a number of 
small standard electromechanical instruments and a control display unit mounted in the center aisle stand.  The left side contains a two-axes side stick control loader and the right 
side contains a two-axes center stick.  Both sides contain control loaded rudder systems.  A center aisle stand with throttle quadrant is also available.  The cockpit is outfitted with four collimated window systems to provide an out-the-window computer-generated visual scene.  All visual databases available for the CMF simulators are also available for the VMS.  The simulator is used to examine handling quality characteristics of aircraft/spacecraft (both existing and proposed), guidance and control algorithms, display concepts, etc.  The simulator is also used as a simulation technology tool to evaluate new and advanced motion cueing algorithms and delay compensation algorithms including the advanced software and programming techniques required to implement these algorithms.

8. The Development and Test Simulator (DTS), located in B1268A, is an advanced all-glass jet transport simulator and was originally a research cockpit mounted inside the former 
NASA Langley Boeing 757-200 aircraft.  With the decommissioning of the aircraft, the 
research cockpit was removed and reconstructed in the Flight Simulation Facilities and renamed the DTS. The simulator is currently driven by a Boeing 757-200 aircraft dynamics mathematical model which has been enhanced through data obtained in Langley’s wind tunnels.  The mathematical model can be changed to any vehicle for which data is available.  The cockpit includes eight Category D size displays on which primary flight information, navigation/map information, engine information, and other specified system parameters are displayed.  All displays can be changed to meet researcher’s requirements.  There are provisions for a heads-up display mounted in front of the pilot, and there is a center aisle stand mounted between the two pilots.  There are two control display units located in the center aisle stand mounted between the two pilots.  Each pilot has a two-axis electric side stick control loader system for pitch/roll control and a set of rudder pedals.  The pilot’s side stick controller is mounted on his left side, and the copilot’s side stick controller is mounted on his right side.  The cockpit’s visual system is a panorama system, which provides 210 degrees horizontal field-of-view and 45 degrees vertical field-of-view.  The 
visual system is driven by a state-of-the-art computer generated image system.  A number of very high detailed terminal area and surrounding area visual data bases are available to 
the researcher.
9. The Test and Evaluation Simulator (TES), located in B1268A, is a reconfigurable simulator and can be configured to represent any type of vehicle.  It is currently being configured to support the Constellation Program’s Orion Capsule and the Altair Lunar Lander.  The TES in this configuration allows for an astronaut to sit for Orion simulations or stand for Altair simulations.  This is accomplished by a moveable platform which allows the astronauts eyepoint to be at the correct vertical position for the visual system.  The visual system is a panorama system, which provides a 135 degrees horizontal field-of-view and a 67.5 degrees vertical field-of-view.  The visual system is driven by a state-of-the-art computer generated image system.  A high detailed International Space Station database and a lunar database of the Lunar South Pole and Shackleton Crater area are available to the 
researcher.  The flight deck contains three actual Orion heads down display units, a three-axis rotational hand controller, and a three-axis thrust management controller.
10. The System Integration Laboratory (SIL) is a ground-based facility used in the development and validation of flight/simulation experiments prior to implementation in the research aircraft and/or simulators.  The SIL configurations, to the extent practical, match that of the aircraft/spacecraft system to maximize efficiency of the simulation-to-flight process.  The 
SIL includes flight control computers, flight management computers, experimental electronics systems, data link systems, etc.  The SIL serves principally as a development facility and is located within the Cockpit Motion Facility (CMF).  Research software that supports simulation-to-flight experiments is developed and tested at the various simulators in conjunction with the SIL before actual flight validation.
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