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Preface

The Purpose.  This “Sample Experimental Permit Application for a Horizontal Launch and Landing of a Reusable Suborbital Rocket” is an example of an application that provides information to the Federal Aviation Administration (FAA), Office of Commercial Space Transportation (AST) to initiate the review required to make an Experimental Permit determination.  This example application document does not define nor impose additional requirements and it does not constitute a standard or regulation. 

The Background.  An applicant seeking to conduct launches or reentries under an Experimental Permit must first contact the FAA to initiate pre-application consultation.  The applicant must then submit an application to the FAA’s Office of Commercial Space Transportation.  The FAA screens the application to determine if the information provided is complete enough to initiate the permit review process.  After completing the initial review, the FAA will notify the applicant of the following: 

1) The FAA accepts the application and will initiate the review and evaluation required to make a decision about the permit; or 

2) The application is incomplete or indefinite that the FAA cannot start to evaluate it; or

3) The activities proposed in the application are not eligible for an experimental permit. 

Once the FAA determines that an application is complete enough to initiate the permit review process, the FAA has 120 days to determine whether to issue an Experimental Permit to the applicant.

Approach.  This document is based on a hypothetical scenario of a horizontal launch and landing reusable suborbital rocket identified as the Horizontal Sky-1. BlueSky Aerospace—a fictitious company—proposes to develop a reusable horizontal launch and landing rocket to be flown for the purpose of research and development.  BlueSky seeks an FAA Experimental Permit to conduct its research and development tests within an operating area located northwest of SpaceCity, MyState.  BlueSky Aerospace proposes a two-tiered development program:  

1) The first tier is to conduct launches, under an Experimental Permit, to an altitude between 53,000 ft and 328,000 ft with a crewed suborbital rocket; 

2) The second tier is to develop an operational reusable suborbital launch vehicle capable of carrying one pilot and three space flight participants (SFP) to an altitude of 328,000 ft in order to experience about four minutes of micro-gravity.  These future flights would be conducted under a launch license.

This document illustrates the submittals BlueSky might provide to the FAA as part of its application for an Experimental Permit.  This application would not be considered complete due to the lack of verification data from various system tests.  However, this application would be considered “complete enough” to initiate a review by the FAA with the understanding that the supporting information would be provided early enough in the review period for the FAA to make a determination within 120 days.

The FAA intends to issue improved versions of this sample application in the future.  The vehicle software description, operating area sizing, and operating area containment are among the sections of this document that will be improved or added in Version 2.  The FAA also plans to add representative documents that are mentioned in appendix A, and additional hazards in appendix C.

Earnest J. Rocketman, Ph.D.

President and Chief Scientist

BlueSky Aerospace

123 Milky Way

SpaceCity, MyState 12345

December 12, 2008
Federal Aviation Administration

Associate Administrator for Commercial Space Transportation

Room 331

800 Independence Avenue, S.W.

Washington, D.C. 20591

Attention:  Application Review

BlueSky Aerospace is pleased to submit the enclosed application for an Experimental Permit for our proposed reusable horizontal take-off, horizontal landing suborbital vehicle operating out of the New Frontier Spaceport in SpaceCity, MyState.  The permitted vehicle will be flown for the purpose of research and development.

Certificate of Accuracy

I, Earnest J. Rocketman, as an officer or individual authorized to act for the corporation in permitting matters, certify this document as true, complete, and accurate.

Confidentiality Request (Optional Statement)
This application for an Experimental Permit contains trade secrets and proprietary commercial data that BlueSky Aerospace requests the FAA treat as confidential for the lifetime of the permit.

Please direct inquiries and correspondence to me at the above address, or call me at (777) 123-4567.

Respectfully yours,
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Earnest J. Rocketman, Ph.D.

President and Chief Scientist

BlueSky Aerospace Experimental Permit Application 
For Horizontal Sky-1 (HS-1)
[image: image3.wmf]
Version 1.0
December 31, 2008

This application for an Experimental Permit contains trade secrets and proprietary commercial data that BlueSky Aerospace requests the FAA treat as confidential for the lifetime of the permit.
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1. Program Description

1.1 Program Description [§ 437.23]
BlueSky Aerospace is a small company aspiring to achieve inexpensive and reliable suborbital spaceflight for interested participants.  In order to progress incrementally towards the goal, BlueSky has been developing a reusable suborbital launch vehicle system called Horizontal Sky-1 or HS-1 for the past three years.  BlueSky completed the design and fabrication of the subsystems for integration in July 2008.  The vehicle was successfully integrated and system checked on the ground in November 2008.  HS-1 is now ready for flight testing.  The purpose of this application is to obtain an FAA Experimental Permit to conduct the flight tests.

Since the near-term goal of the program is to test and evaluate the system to improve its reliability, safety, and capability, HS-1 will carry only a pilot.  There will be no Space Flight Participants (SFPs) aboard the HS-1.  BlueSky will use the data from the HS-1 tests to research and develop the next generation of the vehicle (HS-2), which will be sized to carry one pilot and three SFPs to an altitude of 328,000 ft so that the SFPs can experience about four minutes of micro-gravity.  HS-2 will need to operate under an FAA Launch Operator License.
Mission Overview
During experimental permitted flight testing, the pilot will have full control of the vehicle the entire mission from takeoff to landing.  HS-1 will takeoff horizontally like an airplane from the New Frontier Spaceport and return to the spaceport for horizontal landing.  New Frontier Spaceport has a launch site operator license from the FAA.  New Frontier is also a dedicated Spaceport and does not have airline traffic.  HS-1 will operate in an operating area north of the New Frontier Spaceport.  

The design reference mission (DRM) for HS-1 will follow these steps: 
1. Climb to 20,000 ft in airplane-mode using its two turbofan jet engines; to travel some distance down range from the spaceport;  
2. Redirect the flight path back towards the spaceport;  
3. Pitch the vehicle upward to an angle 80 degrees above the horizon; 
4. Ignite the four liquid propulsion rocket engines to climb to 45,000 ft where the jet engines ‘flame-out’; 
5. Enable the Reaction Control System (RCS)  jets at 100,000 ft for the control system to transition from the aerosurfaces as they become less effective at higher altitudes; 
6. Fire the rocket engines until an altitude and velocity are reached that will allow it to coast to the desired apogee altitude of 328,000 ft.  
7. Upon reaching apogee, the vehicle begins it plunge back to the earth accelerating.  
The vehicle is controlled through the RCS thrusters to achieve attitudes that induce the greatest amount of drag to prevent excessive velocities and the high-g loading on the airframe.  As the dynamic pressure increases, the pilot adjusts the vehicles to provide the appropriate flow across the aerosurfaces as they become active.  The vehicle enters the high velocity, high-g phase of reentry and the pilot slows the vehicle to its target glide velocity based on vehicle limitations, energy, and position. The pilot continues to follow the navigation cues to return the vehicle back to the Spaceport without thrust.

The following table shows the mission timeline of the reference flight and Figure 3 depicts the DRM profile for HS-1:

Table 1 Design Reference Mission
	Event
	Total Propellant Wt
	Time
	Altitude 
	Remark

	Propellant Conditioning
	0 lbs
	T-1 hr
	0 ft
	 

	Final System Check / Go-No-Go
	9000 lbs
	T-10 min
	0 ft
	 

	Takeoff from Runway
	8700 lbs
	T-0
	0 ft
	 

	Climb with Jet Engines
	8700 lbs
	T+0
	0 ft
	 

	Cruise 
	7000 lbs
	T+200 s
	20000 ft
	 

	Pressurize Rocket Engines
	6500 lbs
	T+300 s
	20000 ft
	 

	Rocket Engine Ignition
	6000 lbs
	T+400 s
	20000 ft
	 

	Max Q
	4500 lbs
	T+430 s
	37000 ft
	 

	Rocket Engine Burnout
	500 lbs
	T+600 s
	290000 ft
	 

	Apogee
	500 lbs
	T+720 s
	328000 ft
	 

	Glide with all Engine Out
	500 lbs
	T+840 s
	25000 ft
	 

	Energy Reduction Turn(s)
	500 lbs
	T+950 s
	15000 ft
	 

	Landing
	500 lbs
	T+1000 s
	0 ft
	 


1.2 Vehicle Description [§ 437.23(a)]

HS-1 is a horizontal takeoff / horizontal landing (HTHL) reusable launch vehicle (RLV).  The vehicle length is 40.0 ft, its wingspan is 25.0 ft, and its fuselage diameter is 5.0 ft.  The dry weight of the vehicle is 9,000 lb and the gross takeoff weight is 18,000 lb.  Most of the structure is made up of composite material, as described below.

HS-1 has two different sets of engines—two conventional turbofan jet engines to operate below 45,000 ft and four pressure-fed liquid rocket engines to operate above 20,000 ft.  Both sets of engines use jet fuel (JP-1) as propellants from the same tank.  The four rocket engines use liquid oxygen (LOX) as an oxidizer and gaseous nitrogen as a pressurant to sustain the feed pressure.  The transition from using the air-breathing engines to the rocket engines occurs during the climb:  the jet engines ‘flame-out’ and stop producing thrust for the ascent at approximately 45,000 ft due to the lack of atmosphere for combustion.  Following the rocket-powered flight, the rocket engines shut down simultaneously at 290,000 ft and the vehicle coasts to apogee (328,000 ft).  Each jet engine provides 2,287 lb of thrust at sea level for a combined takeoff thrust of 4,574 lb.  Each rocket engine has a sea level thrust of 6,000 lb, which gives a total sea level thrust of 24,000 lb with four engines.  
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Figure 1: Turbo Fan Jet Engine vs. Altitude
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Figure 2: Rocket Engine Thrust Profile 
Figure 3 depicts a typical mission profile for the vehicle.  During experimental permitted flight-testing, the pilot will be the only person aboard the vehicle and will have full control of the vehicle from take-off to landing.  All flights of the vehicle will take place in the flight test operating area north of the Spaceport.  

While all of our flights are planned to take-off and land at the New Frontier Spaceport, specific vehicle trajectories will be designed for each mission, depending upon the flight test objectives of that mission. The trajectories will vary in terms of burn time, range, target altitude, azimuth, and other parameters.  However, all flights will remain within the flight test operating area.
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Figure 3: Mission Profile
1.3 Description of Reusable Suborbital Rocket Systems [§ 437.23(b)(1)]
1.3.1 Structural System Overview
The structure of the vehicle consists of four primary components:

1. The main fuselage
2. The wings
3. The engine mount structure for the turbofan jet engines 
4. The vertical fin  
The fuselage consists of three primary components:

1. the aft structure
2. the crew cabin structure
3. the forward fuselage
All of the fuselage components are constructed with graphite-epoxy, boron, titanium, and aluminum.  

The aft structure contains the second stage rocket engines (4), the oxidizer tanks, and the aft RCS thrusters and Nitrogen gas (GN2) tanks.  The forward fuselage structure primary components consist of the avionics bay, the nose landing gear and wheel well, the forward RCS thrusters and GN2 tanks.  The forward fuselage is joined by a pressure vessel to the crew cabin and is maintained at cabin temperature and pressure to provide a safe environment for the avionics bays.

The crew cabin has seating for one pilot forward left, one SFP forward right, and two SFPs aft, side-by-side.  A center pedestal is mounted between the pilot seat and forward SFP seat, and contains the flight management system and instruments.  The pilot has a center stick for vehicle pitch and roll control, rudder pedals for yaw control, and a two power levers for each turbofan jet engine on the center pedestal between the pilot seat and forward SFP seat for jet engine thrust control and fuel cut-off.  The flight control system will be described in more detail in the Flight Control System Overview section.  
The crew cabin is pressurized to 12 psi for normal operations.  
BlueSky used the following FAA/AST guidance document to determine the appropriate verification safety factors for all structures:  FAA/AST Guide to Verifying Safety-Critical Structures for Reusable Launch and Reentry Vehicles.  
The crew cabin has six dual-paned windows.  The forward cockpit windows are made of aluminum silicate glass for the outer pane and fused silica glass for the inner pane.  The cabin windows are dual pane fused silica glass to provide optically pure outside observation during the flight.  A fan in the forward fuselage provides forced conditioned dry air over the inner pane of the forward cockpit windows to prevent condensate buildup.  Air flow can be adjusted by the pilot as needed.  Each of the cabin windows also has a forced air flow to prevent condensate buildup.  The port side door incorporates a window to provide visibility before exit for the pilot and SFPs.  The cabin door is a clamshell style design consisting of an upper door section and a lower door section with integral steps.  
The wings were designed using a modified National Advisory Committee for Aeronautics (NACA) wing sections: NACA 0010-64 beginning at the root, and tapering to NACA 0012-64 at the tip.  The wings have a dihedral of 7 degrees, a leading edge sweepback angle of 46 degrees, and a rear edge sweep-forward angle of 3.5 degrees.  The wings are constructed with two titanium spars, graphite-epoxy and 7075-T7 Al ribs, and covered with 6061-T6 Al skin. 

The vehicle uses elevons on the trailing edge of the wing to provide roll and pitch control.  The trailing edges of the wings contain split flaps as drag and lift devices for use both during take-off and landing.  The elevons and flaps are constructed of graphite-epoxy.  

The turbofan jet engines are mounted on either side of the fuselage and attach to the carry through spars that provide structural support for both the engines.  The turbofan jet engine cowlings are constructed with both graphite epoxy and 6061-T6 Al skin.

The vertical fin is constructed with titanium, boron, graphite epoxy, and 6061-T5 Al similar to the wings, and has a leading edge sweepback angle of 45 degrees.  The trailing edge of the vertical fin contains a split rudder/speed brake.  The rudder can be manually moved by the pilot through either the left or right rudder pedal.  However, the rudder will be coupled to an electro-mechanical yaw dampener for blended coordinated flight during all flight periods except take-off and landing.
1.3.2 Thermal System Overview
HS-1 has a thermal protection system (TPS) to prevent temperature sensitive areas of the vehicle skin and structure from heating during atmospheric reentry.  This TPS temporarily shields the underlying skin and structure from critical temperatures.  

1.3.3 Propulsion System Overview
The propulsion system of HS-1 consists of air-breathing and rocket engines.  HS-1 uses two turbofan jet engines for taking-off and climbing to 20,000 ft, followed by using the four rocket engines to reach the suborbital altitude.  Through a unique feed system, both propulsion systems use kerosene (JET A-1) from the same tank as fuel.  During the jet-powered flight, aero-surfaces are used for vehicle attitude control.  The control surfaces lose their effectiveness above 100,000 ft due to the loss of atmospheric pressure; the inert cold gas/GN2 reaction control system (RCS) is then activated to control the rocket-powered flight.  

The two jet engines designated as GP-57 are refurbished General Propulsion (GP) engines purchased by BlueSky and re-certified by the FAA in April 2008.  They are mounted on either side of the fuselage at the base of the wings.  During jet-powered operations, the turbofan jet engines drive the hydraulic pumps that provide hydraulic power for braking, extending, or retracting the landing gear, and operating the wing flaps.  GP-57’s specifications are as follows:

· Compressor stages: 8
· Turbine stages: 2

· Maximum diameter: 17.7 inches

· Length: 45.4 inches

· Dry weight: 396 pounds
· Max power specific fuel consumption: 0.96
· Max thrust at sea level: 2287 lbf

Since more information is included in the Experimental Airworthiness Certification approved by the FAA, this application will not go into detail with respect to the jet engines.

The rocket propulsion system of HS-1 consists of four pressure-fed liquid-propellant engines and twenty RCS thrusters.  MyOwnRocket Inc, a contractor to BlueSky Aerospace, provided the tanks and the rocket engines.  Liquid oxygen (LOX) is used as oxidizer and JET A-1 is used as fuel.  Nitrogen (GN2) is used as a pressurant to feed the propellants to the injector where the mixture is sprayed into the combustion chamber.  The pressurant release is controlled by regulators in the piping.  There are no pumps in the plumbing system.  Each engine has successfully gone through extensive components testing, five qualification hot fires, and three mission duration hot fires.  Details of these tests can be found in the verification data that accompanies the hazard analysis below.  The integrated propulsion system was also qualified before vehicle integration.  The schematic for the engine is below:


[image: image7]
Figure 4: Engine Schematic
The three 100 gallon (4, 856 lb of LOX) oxidizer tanks are monocoque constructed with 6061-T6 aluminum, and are housed in the fuselage, aft of the crew cabin.  The fuel tanks, two 100 gallon (1368 lb), are in wing and fuselage bladder type filled through a single point refueling port in the aft structure.  The fuel system also has a dump valve and port in the aft structure to reduce weight in the event of an abort or to defuel the vehicle.  The oxidizer tanks, which are the aft-most tanks, are filled through a single point fueling port in the aft structure above the oxidizer tank.  They also have a dump valve and port in the aft structure should the pilot or ground crew need to dump the LOX to atmosphere rather than defuel the vehicle.  Total Jet A-1 is 200 gallons.  Total LOX is 300 gallons.  Total mass of fuel and oxidizer is 5000 lb.

Each rocket engine has a sea level thrust of 6,000 lb and produces a vacuum Isp of 300 sec (250 sec at sea level).  The combined sea level thrust is 24,000 lb.  Average mass flow is 0.7 lb / sec for each engine.  During the mission duration, the rocket engines use 240 lbs of propellant.  Sixty lbs will be kept as reserves.  The mixture ratio of LOX and JET A-1 is 2.5 (oxygen-rich), thus 70 lbs of JET A-1 and 170 lbs of LOX will be used during the flight.  Figure 2 in the Vehicle Description section presents the thrust profile of the four rocket engines during the rocket burn of a nominal full duration mission, where the increasing thrust is due to the reduction in atmospheric density during ascent.  The rocket engines are designed to fire for 85 seconds on a full propellant load.  Details of these tests can be found in the verification data that accompanies the hazard analysis below Specifications of the engines are as follows:

· Torch Igniter:  operable up to 50,000 ft

· LOX Tank Pressure:  500 psia at ignition

· LOX Tank Temperature:  -297 degrees F

· Fuel Tank Pressure:  500 psia at ignition

· Fuel Tank Temperature:  ambient 60 to 90 degrees F

· Chamber / Nozzle Type:  Regenerative Cooling (recirculation of JET A-1 on surface)

· Chamber Pressure:  400 psia at ignition

The rocket engines do not have throttle or gimbal capabilities.  Instead, vehicle attitude is controlled by twenty RCS thrusters during the rocket-powered flight.  The RCS uses two GN2 tanks pressurized to 5,000 psi and located in the forward fuselage and aft structure.  The RCS is controlled by the pilot using the center control stick and the foot pedals.  The RCS consists of a total of twenty thrusters and two GN2 fuel tanks pressurized to 5,000 psi and located in the forward fuselage and aft structure.  The GN2 fuel tanks contain enough GN2 for the flight plus an additional 25% as a safety margin. 

Eight RCS thrusters are embedded in the forward fuselage.  Two thrusters on the port side and two thrusters on the starboard side provide yaw control.  Two thrusters on the top of the nose provide pitch control.  The remaining two thrusters, on the port and starboard side, are canted downward to provide biased pitch and yaw control.  Eight RCS thrusters are embedded in the aft structure, situated in a similar fashion to the thrusters on the nose to provide roll, pitch, and yaw control.  

The remaining four RCS thrusters are mounted in the wings, with two thrusters located on the top of the port wing near the wingtip and two thrusters located on the top of the starboard wing near the wingtip.  The four wing thrusters provide roll control for the vehicle.

By pairing the thrusters for roll, pitch, and yaw control, the system is dually redundant.  Figure 4 depicts the locations of the twenty RCS thrusters.
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Figure 5: RCS Thruster Location

1.3.4 Landing Gear and Brake System Overview
HS-1 has two sets of main landing gear and the nose landing gear.  They are fully retractable tricycle configuration landing gears that are hydraulically actuated for extension and retraction during jet-powered operations and are free fall during a glided landing.  The landing gears are electrically deployed with a landing gear handle that releases electro-mechanical up-lock actuators.  The main landing gear wheel well is in each of the wings, and retracts inward towards the fuselage.  The main gear has a single wheel configuration using 17.5 x 5.75-8 (12 ply) tires at a pressure of 214 lb/in2 and with an electronic anti-skid disc brake system.  The nose landing gear is in the foreword fuselage and retracts toward the front of the vehicle.  The single-wheel nose gear uses 18.0 x 4.4 (10 ply) tires at a pressure of 105 lb/in2.  The nose gear is electro-mechanically actuated with ±45 degrees either side of center and is controlled by the pilot using the rudder pedals.  Steering for the nose wheel can be turned on and off with the nose wheel steering switch and is also disabled upon gear retraction, as described in the Flight Control System Overview section.  The landing gear doors enclose the main gear and the nose gear after retraction.

1.3.5 Avionics and Guidance System Overview
The avionics system is composed of a pitot static system, standby flight instruments, transponder, emergency locator transmitter (ELT), communication radios, Flight Management System (FMS) coupled with navigation sensors, and an Attitude Heading Reference System (ARHS).  The FMS unit as well as the other avionic system is installed in the forward fuselage avionics bay.  The navigation sensors include three ring laser gyros and associated accelerometers, two altitude-reporting systems, two Global Positioning System (GPS) receivers and antennas, and a telemetry transmitter and antenna.  The two GPS antennas and the UHF telemetry antenna are mounted on the nose and vertical fin of the vehicle.  
The data from the FMS is displayed to the pilot through a multi-colored primary flight display (PFD) and a multi-function flight display (MFD).  The PFD is directly in front of the pilot and the MFD is adjacent (right) to the PFD.  The control display unit is mounted on the center pedestal adjacent (right) to the pilot and contains the keyboard for flight data input to the FMS.  
The pilot can view safety-critical flight parameters such as altitude, position, velocity, and vehicle orientation of the PFD while the projected instantaneous impact point (IIP), and propellant quantities can be view on the MFD.  The pilot can also view the jet and rocket engines’ fuel flow, oil pressure(s), and temperature, as well as the turbines’ speed, and internal turbine temperature (ITT).    
A warning system provides the pilot with audible and visual signals when safe operating ranges of safety-critical flight parameters are exceeded.  In addition, since the vehicle operates as a jet aircraft for a large portion of the flight, the instrument panel in front of the pilot and forward SFP contains conventional aircraft instruments.  
The basic aeronautical instruments on the instrument panel are integrated into the PFD and include airspeed indicator, altimeter, horizontal situation indicator (HIS), and attitude indicator. 
A mode-S transponder with encoding altimeter is installed in the forward avionics bay of the vehicle, with display and controls provided to the pilot on the center pedestal on the right side.  
The FMS also contains a data storage unit that stores many of the vehicle parameters, such as position, velocity, attitude, and accelerations.  This data will be used to conduct the post-flight analysis.

The ELT is located in the vertical fin and provides position data in the event of an in-flight accident.
The communication system provides two-way communication between our Ground Command Station and the pilot, as well as between ATC and the pilot.  The communication system includes the audio panel on the right side of the center pedestal.   This system controls the two communications transceiver radios, which are mounted in the forward avionics bay.  The antennas for both radios are mounted on the nose structure in separate positions to allow contact for all possible vehicle attitudes.  All communications between ATC, Ground Command Station, and pilot that may affect the safety of the flight are recorded at our Ground Command Station.

1.3.6 Flight Control System Overview
The main flight controls for the pilot consist of the center control stick for pitch and roll, the rudder pedals for yaw, and the power levers for the thrust control of each jet engine.  
The center control stick and the foot pedals have two modes of operation.  The center control stick controls the elevons mechanically through a series of cables, bell cranks, pulleys, and push-pull tubes.  The pitch of the vehicle is controlled by moving the center control stick forward and aft, and the roll of the vehicle is controlled by moving the center control stick side to side.  The yaw of the vehicle is controlled with the rudder pedals, which are mechanically connected to the rudder with a series of cables, bell cranks, pulleys, and push-pull tubes.  

The second mode of operation occurs after the rocket engine is ignited and the vehicle has climbed to an altitude with a velocity where its aerodynamics surfaces are no longer useful.  At this point, the RCS is automatically enabled.  Moving either the center control stick or the rudder pedals will initiate electrical switches that control the firing of the correct combination of RCS thrusters.  

In addition to controlling the yaw of the vehicle, the rudder pedals also control the steering and the braking during ground operations.  When nose steering is activated, the rudder pedals control the steering of the nose wheel by pushing the right pedal to turn right and pushing the left pedal to turn left.  The left and right brakes are engaged independently by pushing either the top of the left or right rudder pedals.  They can be applied simultaneously as well.  

In addition to controlling the pitch and roll, the center control stick also has a push-to-talk (PTT) control for the pilot to transmit voice.  The control stick also includes a rocket engine on/off safety switch to close the fuel and oxidizer flow valves of the main rocket engines.  This safety switch is designed such that the rocket shuts down if the pilot releases the control stick. This capability allows for rocket engine shutdown during an emergency condition.    

The power levers are located on the center pedestal between the pilot seat and forward SFP seat.  The left power lever control drives the left jet engine, and the right power lever drives the right engine.  A N1 fan or N2 turbine synchronizer can be engaged to synchronize the engines for comfort during first stage climb.
The instrument panel, located on the center pedestal, contains the remaining flight instruments.  Most of these are on/off switches that are used during the various phases of flight.  Table 2 contains a description of each switches and their functionality.
Table 2 Instrument Panel - switch, lever and dial
	Instrument Panel

	Control
	Functionality

	Rocket Engine Arm Switch
	Activated before rocket engine burn, and enables the rocket engine on/off control on the center control stick.  

	RCS Arm Switch
	Activated before rocket engine burn, and enables the RCS thruster on/off control on the center control stick.  

	RCS Enable Switch
	Enables the RCS thrusters for control on the vehicle.  

	Nose Gear Steering Switch
	Activated to allow steering of the nose gear during ground operations.  

	Landing Gear Handle
	Used to raise or lower the landing gear.  

	Flap Control Handle
	Used to raise or lower the flaps (e.g. discrete settings of 0° (up), 10°, 20°, and 40°).  

	Battery Select Rotary Switch
	The pilot can manually select between the two batteries.  

	Oxidizer Dump Switch
	Used to enable the pilot to dump the oxidizer.

	Fuel Dump Switch
	Used to enable the pilot to dump the fuel.

	Navigation Light Switch
	An on/off toggle that controls three standard navigation lights—the aviation red on the left wing, the aviation green on the right wing, and the aviation white on the vertical tail.  

	Beacon/Strobe Switch
	Controls the flashing beacon and is a 3-position toggle that can be turned off, set to the BEACON position to flash the red light while on the ground, or set to the STROBE position to flash the white light while airborne.  

	Landing/Taxi Light Switch
	An on/off toggle that controls the landing/taxi lights.  


1.3.7 Environmental Control & Life Support System Overview
The environmental control system provides environmental conditioning of the cabin air so the pilot can perform his functions.  It provides forced air to defog the windows, as well as cooling for the vehicle’s avionics.  Two compressed air tanks, filled with pressurized air at 5000 psi, are located in the forward fuselage of the vehicle.  Each tank can provide the required air and pressurization for the entire flight.  The pressurized air tanks supply compressed air via dual regulators and dual outflow valves that maintain the crew cabin at near sea level pressure during the entire flight.  The exhaust air is vented through the avionics bay out the forward fuselage of the vehicle to provide controlled temperature and pressure to the avionics.
The cabin air circulates throughout the cabin using an air conditioning unit that consists of fans, a CO2 scrubber, and a dehumidifier.  A fan draws air into the CO2 scrubber (which captures CO2 and removes it from the air) and then into the dehumidifier (which traps moisture to dry the air).  The air then returns to the cabin and leaves the SFP overhead and window vents.  As stated previously in the Structural System Overview section, a second dehumidifier fan in the forward fuselage recirculates conditioned cabin air to the forward two crew windows to prevent condensation that could obstruct the flight crew visibility.  

The environment in the cabin is monitored and controlled from the Environmental Control Panel, which is located to the left of the pilot.  The system is designed to control and monitor atmospheric conditions to sustain life and consciousness within the crew cabin.  
One rheostat controls the main air-conditioning fan flow rate, and a second rheostat controls the window defog fan velocity.  They each have their respective on/off switches.  Also located on the Environmental Control Panel is a rotary switch to control the main pressure valve to each of the pressurized air tanks.  Each of these rotary switches has three settings:  Off, On, and Emergency.  
A typical flight requires only one tank to be turned on.  If there is a significant loss of cabin pressure, the pilot can select the emergency position providing pressure from both redundant systems.  
A warning system will alert the pilot with an audible and visual signal when safe operating ranges of the safety-critical parameters listed in Table 3 are off-nominal.
Table 3 Environmental Control Panel – Safety-Critical Parameters
	Environmental Control Safety-Critical Parameters

	Cabin Pressure
	Monitoring and controlling the pressure of the atmosphere to maintain safe levels for flight crew respiration

	Cabin Air Temperature
	Monitoring and controlling the temperature of the atmosphere to maintain safe temperature

	Cabin Air Relative Humidity
	Monitoring and controlling the humidity of the cabin atmosphere to maintain safe levels

	Cabin Air Particulate
	Controlling contamination and particulate concentrations to prevent interference with the pilot’s ability to operate the vehicle

	Cabin Air CO2 Concentration 
	Monitoring and controlling the composition, which includes oxygen and carbon dioxide, and revitalization of the atmosphere to maintain safe levels for normal respiration

	Cabin Air O2 Concentration 
	Adequate, redundant and back-up oxygen supply
Monitoring and controlling the ventilation and circulation of the cabin atmosphere to maintain safe levels


The vehicle also contains an emergency oxygen system for both the pilot and SFP(s).  Emergency high altitude low profile pressure breathing oxygen masks are provided to the pilot and are activated by the pilot using a manual push/pull lever on the pilot’s lower left instrument panel.  The oxygen system is designed for use during an emergency and until the aircraft has descended to a cabin altitude not requiring oxygen.  The emergency oxygen system, located in the forward fuselage of the vehicle, consists of a tank filled with pressurized oxygen at 1850 psig, a regulator assembly, and distribution lines that run from the tank to the four oxygen masks.
1.3.8 Pneumatic/Hydraulic System Overview
During jet-powered operations, engine drive hydraulic pumps provide hydraulic power for braking, extending or retracting the landing gear, and extending or retracting the wing flaps.  Hydraulic fluid flows from the main hydraulic reservoir to the hydraulic pumps driven by the jet engines for distribution to the required systems.

1.3.9 Electrical System Overview
Primary power for the vehicle is provided by two 400 amp engine driven starter/generators and two 24 V 40 amp lithium-ion batteries during the rocket powered and glide phases.  The lithium-ion batteries also provide a source of power for the jet engine starting when the 28 V DC electrical power external power receptacle is not being used.  The two batteries are housed in the aft fuselage structure. Each generator unit is capable of providing power for all systems for the duration of the jet powered flight as well as for recharging the batteries, providing for dual redundancy.  
In case of a failure of a generator, the generator control unit (GCU) automatically selects the appropriate generator.  Each battery is capable of providing power for the vehicle for a limited amount of time, approximately 30 minutes, providing for dual redundancy during the rocket and the glide phases of flight as well as emergency situations.  The pilot can control which battery will provide power using a toggle switch on the electrical power and distribution control (EPD&C) panel.  This toggle switch is also used to check the battery voltage before flight.  
1.3.10 Software and Computing Systems Overview
A list of the functional systems that contain safety-critical software is provided below.  Blue Sky followed the software safety approaches described in the FAA-AST Guide to Reusable Launch and Reentry Vehicles Software and Computing System Safety to design, test, and implement this software.  All software meets the generic requirements listed in Appendix A of that document. 

· Global Positioning System (GPS)
· Inertial Measurement Unit (IMU)
· Primary and Multi-Function Displays
· Propulsion System Health Monitoring
· Air Data Sensing
· Flight Control Systems
· Environmental Control System Health Monitoring
· Flight Management System
[This section is under construction.  This does not represent an adequate submittal for software description] 
1.4 Types and Quantities of all Propellants [§ 437.23(b)(2)]

The following is a list of the types and quantities of the propellants used in our vehicle:
· Jet Fuel (JET A-1) – 1,368 lb/200 gallons
· Liquid Oxygen (LOX) – 4,856 lb/300 gallons
· Gaseous Nitrogen (GN2) – 125 lb
1.5 Types and Quantities of Hazardous Material [§ 437.23(b)(3)]
Aside from the types and quantities of the propellants listed above, the vehicle has onboard high-pressure O2, high-pressure compressed air tanks, hydraulic fluid Military Standard 5606, two lithium-ion batteries, and lithium hydroxide canisters.
1.6 Vehicle Purpose [§ 437.23(b)(4)]

During the experimental phase of the program, the HS-1 will be flown for research and development to test a reusable horizontal launch and landing design concept.

1.7 Payload Description [§ 437.23(b)(5)]

N/A There is no payload on this vehicle.

1.8 Foreign Ownership [§ 437.23(c)]

BlueSky Aerospace is a 70% American-owned corporation, with 30% foreign interests or participating entities.  World Space Launch International, United Kingdom, controls a 30% stake in BlueSky Aerospace.

2. Flight Test Plan

2.1 Flight Test Plan Description [§ 437.25(a)]

This is an incremental flight testing program.  Our flight test program is scheduled to begin in the first quarter of 2009.  The location of our tests is the New Frontier Spaceport.  Initial tests will focus on the vehicle handling qualities and envelop expansion.  These tests will help provide some of the verification data to support the mitigation measures of our hazard analysis.  These initial tests do not include the firing of the rocket engine and therefore will operate under an experimental aircraft airworthiness certificate as opposed to an Experimental Permit.  Later tests will require an Experimental Permit.  Table 4 contains a summary of our testing program.

Table 4 Flight Test Summary
	Flight Test Series
	Maximum Altitude
	Number of Tests
	Exp. Permit Required (Yes/No)

	1. Basic jet engine flight
	10,000 ft
	10
	No

	2. Mission flight profile jet engine flight
	20,000 ft
	20
	No

	3. Rocket burn for 10 seconds
	53,000 ft
	5
	Yes

	4. Ascent to 100,000 ft
	100,000 ft
	5
	Yes

	5. Ascent to 328,000 ft
	328,000 ft
	15
	Yes


Flight Test Series #1:  The first set of tests will focus on evaluating the flying qualities and expanding the vehicles operational envelop.  A ballast weight will represent the main rocket engines during these tests.  The pilot will take-off from the runway using the jet engines and will perform basic handling qualities maneuvers at various configurations, altitudes, velocities, weights, and centers of gravity.  

Flight Test Series #2:  The second set of tests will focus on the jet engine climb performance and idle power return to landing.  The vehicle, with the rocket engines installed, will take-off from the runway using the jet engines and will fly the nominal flight profile, as depicted in Figure 3.  For these flights, the vehicle will be loaded with jet fuel and no liquid oxygen.  The pilot will fly the flight profile using only the jet engines, and will return to the Spaceport for landing.  In later flights, the vehicle will be loaded with the full amount of jet fuel and the full amount of liquid oxygen.  BlueSky will continue to perform these tests until our pilots demonstrate familiarity with the performance characteristics of the vehicle.  
Flight Test Series #3:  The third series of tests requires an FAA Experimental Permit.  These tests will focus on testing the rocket engine during the flight and assessing the flying qualities during transonic and supersonic flight.  The vehicle will take-off from the runway with jet fuel and enough liquid oxygen for a rocket burn of 10 seconds.  The pilot will fly the vehicle along the nominal flight profile.  At an altitude of approximately 20,000 ft, the pilot will accelerate the vehicle; pitch the vehicle 85 degrees nose up for the firing of the main rocket engines for 10 seconds.  The vehicle will be recovered to a nose low attitude and best lift over drag glide at approximately 53,000 ft AGL.  The pilot will demonstrate the controllability of the vehicle during the positive pitch over maneuver.  The pilot will glide the vehicle back to the Spaceport with turbine idle thrust.  

Flight Test Series #4:  The fourth series of tests require an FAA Experimental Permit.  These tests will focus on increasing the rocket burn portion of the flight.  The burn duration will be incrementally increased with each successful flight to expose the vehicle to incrementally higher inertial and aerodynamic loads, dynamic pressures, thermal stresses, Mach numbers, and altitudes.  The vehicle will take-off from the runway with jet fuel and enough liquid oxygen to carry it to an altitude of 100,000 ft.  The pilot will fly the vehicle along the nominal flight profile.  At an altitude of approximately 20,000 ft, the pilot will fire the main rocket engines that will carry the vehicle to an altitude 100,000 ft.  After achieving altitude, the pilot will glide the vehicle back to the Spaceport.  
Flight Test #5:  The fifth series of tests require an FAA Experimental Permit.  These tests will involve flights to an altitude of 328,000 ft.  The piloted vehicle will take-off from the runway with its propellant tanks fully loaded.  At an altitude of approximately 20,000 ft, the pilot will fire the main rocket engines, carrying the vehicle to an altitude 328,000 ft.  After achieving altitude, the pilot will glide the vehicle back to the Spaceport.
BlueSky has listed its Key Flight-Safety Events in the section of this document titled: “Key Flight-Safety Event Limitations.”
2.2 Description of Proposed Operating Area(s) [§ 437.25(b-c)]
The rectangle in Figure 6 shows the proposed operating area for all of our flight tests.  It is a volume defined by a rectangle approximately 65 nm long by 17 nm wide and extends upward to 328,000 ft.  The operating area encompasses the population of B-City, C-City, and D-City.  The description of the analysis used to size the operating area is provided in Appendix E of this document.  The Trajectory shown in this figure corresponds to our design reference mission.  
All of our flights will take-off from the New Frontier Spaceport.  The New Frontier Spaceport is located approximately 100 miles west of SpaceCity, MyState.  The Spaceport encompasses approximately 3,000 acres and has two runways of 13,500 ft and 5,200 ft.  The Spaceport has tower operations capability and an instrument landing system (ILS) capability that can support a full range of aircraft operations.  

Our operating area is encompassed by the coordinates listed in Table 5.

Table 5 Geographic Coordinates of the Operating Area
	Boundary Location
	Latitude
	Longitude

	Northwest Corner
	36° 20′ N
	99° 53′ W

	Southwest Corner
	35° 17′ N
	99° 53′ W

	Northeast Corner
	36° 20′ N
	99° 31′ W

	Southeast Corner
	35° 17′ N
	99° 31′ W
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Figure 6: Proposed Operating Area and Location of New Frontier Spaceport
2.2.1 Population [§ 437.31(a) & § 4 37.57(b)]

In addition to the airspace and the geographic location, the population of the region was also a factor in identifying the appropriate flight test area.  The population density (Figure 7) model covering the spaceport region is based on the most current version of the Global Population Database.  This Global Population Database is a worldwide population database with a latitude and longitudinal resolution of 0.5-minute.  Our flight test operating area encompasses areas with population densities less than 10 people per square km.  These areas include the populations of B-City, C-City and D-City.  Areas designated by the population database as being unpopulated will serve as the locations where key flight-safety events will occur.  

The source of the population data is the 2006 Global Population Database from Oak Ridge National Laboratory in Oak Ridge, Tennessee, and will be updated when a new release of the database is made available.  The flight test operating area will continued to be screened as data is made available.
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Figure 7: Population Density for New Frontier Spaceport and Operating Areas
2.2.2 Significant Traffic [§ 437.31(a) & § 437.57(b)]

Our proposed operating area does not contain any railway traffic or waterborne vessel traffic.  However, it does contain automobile traffic (Figure 8).  There are also navigable bodies of water located within the proposed operating area.  U.S. Route 60 crosses the northern section of the operating area.

The Annual Average Daily Traffic (AADT) map for the sections U.S. Route 60 that are within our operating area is presented in Figure 8.  The AADT, a data base developed by the U.S. Federal Highway Administration, provides the total volume of vehicle traffic in both directions of a highway or road for a year divided by 365 days.  This data was used to determine the local traffic count on U.S. Route 60, and to assess whether there is “significant automobile traffic” within our operating area.  BlueSky Aerospace has determined that the figures provided below do not represent “significant automobile traffic”.  The source of the data was the online map on the MyState government website.    
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Figure 8: Annual Average Daily Traffic Count - Proposed Operating Area 

3. Operational Safety Documentation

3.1 Pre-Flight and Post-Flight Operations [§ 437.27 & § 437.53(a-b)]
The New Frontier Spaceport has distinct locations (See Figure 9) for the fuel loading area and the oxidizer loading area.  The fuel loading area is located on the northeast corner of the runway.  The oxidizer loading area is located on the southeast side of the runway.  Both loading areas are sited according to the New Frontier explosive site plan.  The oxidizer loading area provides appropriate explosive safety distances, as described below.  
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Figure 9: Fuel and Oxidizer Loading Areas at New Frontier Spaceport
On the day of flight, the HS-1 vehicle will be towed to the fuel loading area from Blue Sky’s processing facility (not shown on figure 9).  The flight vehicle is initially loaded with jet fuel and GN2.  A temporary Safety Clear Zone will be established by BlueSky’s Chief of Safety during fuel loading.  Next the vehicle is towed to the oxidizer loading area on the ramp in preparation for oxidizer loading.  At this point, the safety clear zone around the vehicle will be re-activated by BlueSky’s Chief of Safety.  

BlueSky used, as a minimum, the requirements found in 14 CFR Part 420.63-69 or  DOD 6055.9-STD,, “DOD Ammunition and Explosives Safety Standards”, section C9.5 to determine the safety clear zone around the vehicle for hazardous operations.  

Only launch processing crews and the flight crew will be allowed at the fuel loading area during pre- and post-flight operations.  We will mark off the boundary of our Safety Clear Zone with 36 inch safety cones.  Before hazardous operations, our Chief of Safety will determine that the public is outside of the Safety Clear Zone.
Post-flight operations begin at wheel stop.  The Safety Clear Zone will be re-established around the vehicle at wheel stop.  Any oxidizer remaining in the vehicle is removed through the oxidizer dump port, at which point the vehicle’s hazardous status is downgraded by the Chief of Safety.   Any remaining fuel is then removed through the single point fueling/defueling port.  At this point, the Chief of Safety will determine whether the vehicle is safe to return directly to the processing facility or requires additional maintenance.  Once the vehicle is determined to be safe, it will be towed to the vehicle processing facility to be prepared for the next flight.
3.2 Hazard Analysis [§ 437.29 & § 437.55(a)]

BlueSky’s hazard analysis process consists of four parts: 

1) Identifying and describing the hazards, 

2) Determining and assessing the risk for each hazard, 

3) Identifying and describing risk elimination and mitigation measures, and 

4) Validating and verifying risk elimination and mitigation measures.

Our assessment of the risks is a qualitative process.  Risk accounts for the likelihood of a hazard occurring and the severity of that hazard.  The categories for the severity of a hazard are presented in Table 6.  The levels for the likelihood of occurrence of a hazard, presented in Table 7, were used in combination with the four-step hazard analysis process to develop our table of hazards.  The severity and likelihood are combined and compared to criteria in a risk acceptability matrix, as shown in Table 8  BlueSky used the following FAA/AST guidance document to perform its hazard analysis:  AC 437.55-1, Hazard Analysis for the Launch or Reentry of a Reusable Suborbital Rocket Under an Experimental Permit.  

As our flight test program progresses, there will be anomalies that will be traced to component, subsystem, or system failures or faults; software errors; environmental conditions; human errors; design inadequacies; and/or procedural deficiencies.  See Appendix C for the results of our hazard analysis.  Appendix D provides a description of our verification schedule.  As these anomalies occur during our program, failure analysis will be performed followed by a corrective action that could require a design change to offset/mitigate/prevent the risk of a repeat failure.  In addition, BlueSky will provide verification evidence (i.e., test data, demonstration data, inspection results, and analyses) in support of our risk elimination/mitigation measures.  Our hazard analysis will be continually updated as our test program progresses.  

Table 6 Severity of Hazard
	Description
	Category
	Consequence Definition

	Catastrophic
	I
	Death or serious injury to the public or safety-critical system loss.

	Critical
	II
	Major property damage to the public, major safety-critical system damage or reduced capability, decreased safety margins, or increased workloads.

	Marginal
	III
	Minor injury to the public or minor safety-critical damage.

	Negligible
	IV
	Not serious enough to cause injury to the public or safety-critical system damage.


Table 7 Likelihood of Occurrence of Hazard
	Description
	Level
	Individual Item

	Frequent
	A
	Likely to occur often in the life of an item, with a probability of occurrence greater than 10-2 in any one mission.

	Probable
	B
	Will occur several times in the life of an item, with a probability of occurrence less than 10-2 but greater than 10-3 in any one mission.

	Occasional
	C
	Likely to occur sometime in the life of an item, with a probability of occurrence less than 10-3 but greater than 10-5 in any one mission.

	Remote
	D
	Unlikely but possible to occur in the life of an item, with a probability of occurrence less than 10-5 but greater than 10-6 in any one mission.

	Extremely Remote
	E
	So unlikely, it can be assumed occurrence may not be experienced, with a probability of occurrence less than 10-6 in any one mission.


Table 8 Risk Acceptability Matrix
	                                     Severity

Likelihood
	Catastrophic

I


	Critical

II
	Marginal

III
	Negligible

IV

	Frequent (A)
	1
	3
	7
	13

	Probable (B)
	2
	5
	9
	16

	Occasional (C)
	4
	6
	11
	18

	Remote (D)
	8
	10
	14
	19

	Extremely Remote (E)
	12
	15
	17
	20


Category 1 – High (1-6, 8). Elimination or mitigation actions must be taken to reduce the risk.

Category 2 – Low (7, 9-20). Risk is acceptable
3.3 Operating Area Containment and Key Flight-Safety Event Limitations
3.3.1 Methods of Containment [§ 437.31(a) & § 437.57(a)]
The instantaneous impact point (IIP) of the vehicle will be contained within our operating area.  Our proposed operating area is large enough to contain our planned trajectories.  Other failures that could cause the vehicle to exceed the boundaries of the operating area are addressed in our Hazard Analysis section.  We have incorporated two methods of containing our vehicle’s instantaneous impact point within the operating area.
We first employ an abort box (Figure 8) within our operating area to define abort boundaries for our vehicle’s IIP.   The pilot monitors the vehicle’s IIP and will shutdown the rocket engine firing within 5 seconds if the IIP crosses the abort boundary.  This is accomplished by pressing the engine on/off Safety Switch on the center control stick, as described in the Flight Control System Overview (Section 1.3.6), and as dictated by our flight rules (see Flight Rules).  Since the PFD displays flight parameters such as altitude, position, velocity, and orientation as described in the Avionics and Guidance System Overview section, the pilot will immediately be aware of any variations in the flight path and can end the rocket engine firing at any time.  The pilot will glide the vehicle back to the Spaceport.  An analysis justifying the sizing of the abort box may be found in Appendix E.
The second method for containing the vehicle’s instantaneous impact point within the operating area focuses on mitigating all identified malfunctions, as specified in the hazard analysis section, which could cause the vehicle to exceed the guidance limitations.  While the abort lines are implemented to contain the results of a vehicle malfunction, the mitigation measures identified in the hazard analysis serve to lower the likelihood of the malfunction occurring.  For example, hazard 9 of the analysis describes the redundant RCS electrical power system design that reduces the likelihood of a loss of RCS control, which could otherwise cause the vehicle’s IIP to cross the operating area boundary.
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Figure 10: Operating Area and Abort Boundary
[Note: Additional details and assumptions of the operating sizing analysis may be found in Appendix E.]
3.3.2 Key Flight-Safety Events [§ 437.31(b) & § 437.59(a)]

As described in the Flight Test Plan Description section of this document, and as summarized in Table 4 our flight test plan involves an incremental testing program.  Table 9 below lists our key flight-safety events and the geographical coordinates of the instantaneous impact points.  These events will be conducted over unpopulated areas as shown in Figure 9    

BlueSky’s method for conducting key flight-safety events over unpopulated areas is to have the pilot verify that the vehicle’s IIP is over an unpopulated area before initiating any of these events.   The FMS within our vehicle monitors flight parameters such as altitude, position, velocity, orientation, and projected IIP (as described in the Avionics and Guidance System Overview section).  The pilot will be aware of any deviations in the flight path and will only initiate a key flight-safety event if the vehicle is on course and the IIP is over an unpopulated area (see Flight Rules).

Take-off and landing are only considered key flight safety events initially during our testing.  As our program matures and as the vehicles operational enveloped is developed, will re-evaluate whether or not these procedures should continue to be considered Key Flight Safety Events.     

The verification evidence for the methods and systems used to conduct key flight-safety events over unpopulated areas is detailed in the Hazard Analysis section.

Table 9 Location of Key Flight-Safety Events IIP
	Key Flight-Safety Event
	Flights to 53,000 ft

(10 sec Rocket Burn)
	Flights to 100,000 ft
	Flights to 328,000 ft

	
	Latitude
	Longitude
	Latitude
	Longitude
	Latitude
	Longitude

	1. Jet Engine Take-off *

[image: image14]
	35° 21’ N
	99° 12’ W
	35° 21’ N
	99° 12’ W
	35° 21’ N
	99° 12’ W

	2. Rocket Ignition 

[image: image15]
	36° 11’ N
	99° 40’ W
	36° 11’ N
	99° 40’ W
	36° 11’ N
	99° 40’ W

	3. Reentry Gate

[image: image16]
	36° 9’ N
	99° 40’ W
	36° 8’ N
	99° 40’ W
	36° 4’ N
	99° 40’ W

	4. Landing Site *

[image: image17]
	35° 21’ N
	99° 12’ W
	35° 21’ N
	99° 12’ W
	35° 21’ N
	99° 12’ W

	


3.3.3 Reentry Instantaneous Impact Point [§ 437.31(b) & § 437.59(b)]

The geographical coordinates for the reentry impact points for all flights from 53,000 ft to 328,000 ft are listed below in Table 10.  These events will be conducted over unpopulated areas (Figure 9).
Table 10 Location of the Reentry Impact IIP
	
	Flights to 53,000 ft

(10 sec Rocket Burn)
	Flights to 100,000 ft
	Flights to 328,000 ft

	
	Latitude
	Longitude
	Latitude
	Longitude
	Latitude
	Longitude

	Reentry Instantaneous Impact Point


[image: image18]
	36° 9′ N
	99° 40′ W
	36° 8′ N
	99° 40′ W
	36° 4′ N
	99° 40′ W


3.4 Landing and Impact Locations [§ 437.33 & § 437.61]

The New Frontier Spaceport serves as our nominal and contingency abort landing location.  Since our vehicle is a two-stage reusable suborbital rocket that does not shed a stage, there will be no component impact and landing locations within our flight test operating area.  The landing areas encompassed by the operating areas are of sufficient size to contain an uncontrolled impact, including dispersion upon impact.  See Appendix E of this document for a detailed description of the analysis used to size our operating area.
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Figure 11: Nominal and Contingency Abort Landing Locations
3.5 Agreements [§ 437.35 & § 437.63]

BlueSky Aerospace has an agreement with the New Frontier Spaceport to have full access and use of their property and services required to support permitted flight(s) activities.    

The New Frontier Spaceport has an agreement with FAA Air Traffic Control as part of its launch site operator license.  This agreement describes the use of and control authority of the airspace within the operating area.  The agreement includes procedures to be used by the FAA and New Frontier Spaceport in filing and implementing NOTAMS.  

BlueSky Aerospace also has an agreement with the Local Regional Airport to have full access and use of their property and services required to support permitted flight(s) activities.    The agreement includes procedures to be used by the Local Regional Airport and BlueSky Aerospace to restrict members of the public from within the 1,250-foot radius Safety Clear Zone surrounding the vehicle upon landing.  
The FAA requires that any flights involving overflight of navigable water require an agreement with the U.S. Coast Guard.  There are no navigable waters within the operating area.
Copies of all agreements are included in Appendix A of this application.  

3.6 Tracking a Reusable Suborbital Rocket [§ 437.37 & § 437.67]

As stated in the Avionics and Guidance System Overview section, the pilot can view important flight parameters such as altitude, position, velocity, vehicle orientation, and projected instantaneous impact point (IIP).  A transponder with an encoding altimeter are included in the forward fuselage avionics bay of the vehicle in order to provide real-time position and velocity to Air Traffic Control during aircraft (i.e., jet-powered or glide phase of flight) operations.  In addition, the vehicle transmits telemetry data to the Ground Command Station.  
The Ground Command Station will maintain two-way communication with Air Traffic Control from take-off to landing.  The vehicle’s communications system consists of two communications transceiver radios for two-way communication between the pilot, ATC, and our Ground Command Station.  

Also, as stated in the Avionics and Guidance Overview section, the vehicle contains a data storage unit that stores many of the vehicle data parameters such as position, velocity, attitude, accelerations, etc., for each flight.  These data will be used to conduct the post-flight analysis, as well as support any anomaly.
3.7 Flight Rules

3.7.1 Pre-Flight Checklist and Launch Commit Criteria [§ 437.39 & § 437.71(a)]

Before initiating take-off, BlueSky Aerospace will confirm that all systems and parameters are within acceptable limits and again before the rocket phase of flight. (Appendix B: BlueSky Checklist, Launch Commit Criteria and Flight Rules).

3.7.2 All Phases of Flight [§ 437.39 & § 437.71(b)]

During all phases of flight, BlueSky Aerospace will adhere to its flight rules.  If at any time the vehicle could endanger the uninvolved public, we will correct the vehicles trajectory. We will terminate rocket powered flight should the vehicle predicted trajectory exceed the flight test operating area limits.  The pilot will end the rocket engine burn when appropriate and return to the landing site. (Appendix B: BlueSky Checklist and Flight Rules).

3.8 Mishap Response [§ 437.41 & § 437.75(b)]

BlueSky Aerospace will designate a point-of-contact and alternate for all activities associated with accidents, incidents, or other mishaps related to operations on or off the Spaceport.  The company’s detailed procedures for responding to a mishap are found in the Mishap Response Plan previously submitted to the FAA.
4. Collision Avoidance Analysis [§ 437.65]

N/A.  The maximum planned altitude of the HS-1 is 328,000 ft (100 km).  This is below the 150 km limit requiring a collision avoidance analysis.
5. Compliance with Additional Requirements

5.1 Environmental Impacts Analysis Information [§ 437.21(b) (1)]

BlueSky has provided a Draft Environmental Assessment to the FAA Office of Commercial Space Transportation and has included a copy of this document located in Appendix F.  This will enable the FAA to comply with the requirements of the National Environment Policy Act, 42 U.S.C. 4321 et seq. (NEPA), and the Council on Environmental Quality Regulations for Implementing the Procedural Provisions of NEPA, 40 CFR parts 1500–1508.  

5.2 Information Requirements for Obtaining a Maximum Probable Loss Determination for Permitted Activities [§ 437.21(b)(2); Appendix B to Part 440, Part 3]

BlueSky Aerospace provided the following information in order for the FAA to determine financial responsibility and financial allocation of risk as part of a permitted launch.  The information should enable the FAA to complete a maximum probable loss determination.  

5.2.1 Identification of Location for Pre-Flight and Post-Flight Operations [Appendix B to Part 440, Part 3A]

Our pre-flight and post-flight operations will take place at the oxidizer loading area at the New Frontier Spaceport.  The location (latitude and longitude) of the oxidizer loading area is provided in the Key Flight-Safety Event Limitations section.    

5.2.2 Identification of Facilities Adjacent to the Location of Pre-Flight and Post-Flight Operations [Appendix B to Part 440, Part 3B]

As described in the Pre-Flight and Post-Flight Operations section, the pre-flight and post-flight operations area will be located a minimum of 1,250 feet from any inhabited building, government property or third party property.  

5.2.3 Maximum Personnel Not Involved in Permitted Activities That May Be Exposed to Risk During Pre-Flight and Post-Flight Operations [Appendix B to Part 440, Part 3C]

No personnel will be exposed to risk during pre-flight and post-flight operations.
5.3 Information Requirements for Operations with Flight Crew and Space Flight Participants [§ 437.21(b)(3), Part 460]

BlueSky Aerospace provided the following documents demonstrating compliance with the requirements outlined in Part 460—Human Space flight Requirements.  Specifically, we will comply with Subpart A—Launch and Reentry with Crew because our permitted test flights are R&D in nature and include only a pilot as flight crew.  

5.3.1 Crew Qualifications and Training [§ 437.21(b)(3), § 460.5 & § 460.7]
· The pilot will possess and carry a FAA 2nd-class medical certificate issued no more than 12 months before launch.  A photocopy of the certificate will be provided as evidence of the compliance.  See Appendix A.
· The pilot will possess and carry a FAA pilot certificate with an instrument rating.  A photocopy of the certificate will be provided as evidence of the compliance.  See Appendix A.
· Flight training and/or experience documented in the pilot’s flight log or training records will be provided to demonstrate the pilot’s knowledge of the NAS.  
· Training program documentation (Appendix A) includes: 
· A description of the training program including how the pilot will be trained for every phase of the flight.  
· A description of the simulator training for each pilot to familiarize the pilot with systems and procedures for nominal and non-nominal conditions including emergency operations and abort scenarios.  
· A description of our high-g training program for each crewmember.  Our training program includes training of the pilot in an aerobatic airplane to simulate the anticipated g-stresses and flight environment.  This training is designed to train the pilot on implementing our unusual attitude recovery procedures, as well as provide each pilot with additional aeronautical experience.
· A description on how each pilot will be trained, in accordance with the flight rules listed in the Flight Rules section of our document, to operate the vehicle so that it will not harm the public.  
· The training program and records will be continuously updated and documented as the flight test program progresses.   See Appendix A.
· The training completed by each pilot will be documented and maintained for each active pilot. All pilot qualifications will be current and verified by the Chief of Safety before a pilot undertakes flight responsibilities.  See Appendix A.
5.3.2 Environmental Control and Life Support Systems [§ 437.21(b)(3), § 460.11]

The capability to control and monitor atmospheric conditions to sustain life and consciousness within the crew cabin of the vehicle was described in the, Vehicle Description section and the Hazard Analysis section.
5.3.3 Smoke Detection and Fire Suppression [§ 437.21(b)(3), § 460.13]

If the vehicle smoke and fire detection system, ground control, or the pilot detects smoke or a fire, the flight will be aborted and an immediate landing at the closest possible landing site will be executed.  The vehicle jet engines are equipped with an engine fire detection system as well as a fire extinguishing system.  The pilot also has a portable CO2-based fire extinguisher mounted near the pilot that can be used to suppress a cabin fire.  Once the extinguisher is used, the pilot must immediately abort the mission.

Each crew member will be trained in the procedures on how to respond to smoke and fire emergencies.  They are equipped with smoke goggles and a quick donning oxygen mask.  A full face quick donning mask will be used later in the flight test program.
5.3.4 Human Factors [§ 437.21(b)(3), § 460.15]

· Human factors engineering and crew workload analyses have been taken into account in designing the human-machine interfaces associated with the missions and operations of our vehicle.  BlueSky used the human factors design standards outlined in the “The Human Factors Design Standard” (HF-STD-001, FAA) and “Man-Systems Integration Standards” (NASA-STD-3000) documents for guidance in the design and layout of the vehicle’s safety-critical displays and control human-interfaces.  
· BlueSky Aerospace has made provisions for stowing all objects in the cabin to avoid interference with operating the vehicle and with the pilot during flight.  All non-essential or non-safety critical objects will be stowed in safety containers located in the crew cabin.  
5.3.5 Verification Program [§ 437.21(b)(3), § 460.17]

N/A.  There are no spaceflight participants aboard this vehicle.

6. Acronyms

AADT 
Annual Average Daily Traffic

AST
Associate Administrator for Commercial Space Transportation

ATC
Air Traffic Control

CFR
Code of Federal Regulations

CO2
Carbon Dioxide

DOD
Department of Defense

DOT
Department of Transportation

FAA
Federal Aviation Administration

FMS
Flight Management System

GN2
Gaseous Nitrogen

GPS
Global Positioning System

HC
Hazard Class

HSI
Horizontal Situation Indicator

IIP
Instantaneous Impact Point

ILS
Instrument Landing System

IMU
Inertial Measurement Unit

JET A-1
Kerosene grade fuel produced to stringent ASTM International Specifications 
LCD
Liquid Crystal Display

LOX
Liquid Oxygen

MFD
Multi-Function Display

N/A
Not Applicable

NAS
National Airspace System

NEPA
National Environment Policy Act

NOTAMS
Notices to Airmen

PFD
Primary Function Display

QD
Quantity and Distance Separation Relationships for Explosive Material

RCS
Reaction Control System
SFP
Space Flight Participant

TFR
Temporary Flight Restriction
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Appendix C:  HS-1 Hazard Analysis

Appendix D:  HS-1 Verification Schedule

Appendix E: Details and Assumptions of the Operating Area Sizing Analysis

Appendix A:  List of Supporting Documentation

	Documentation
	Description

	Pilot Medical Certificate
	Copy of the pilot’s valid FAA 2nd-class medical certificate issued no more than 12 months before launch.

	Pilot Certificate
	FAA pilot certificate with an instrument rating 

	Pilot Log Book or Training Records
	Demonstration of the pilot’s knowledge of the NAS necessary to operate this particular vehicle.  

	BlueSky Training Program
	· A detailed description of BlueSky’s training program, including the training standards used to qualify pilots and ground crew.  

· A copy of the BlueSky’s training records for its pilot(s).  

· A description of the simulator(s) used to train each pilot.

	Environmental Data
	Data to analyze the environmental impacts associated with the proposed reusable suborbital rocket launches.

	Mishap and Emergency Response Plan
	BlueSky’s procedures for responding to emergency and mishaps.

	Agreements
	1. A signed agreement between BlueSky and New Frontier Spaceport to have full access and use of New Frontier’s property and services required to support permitted operations.
2. A signed agreement between BlueSky and Local Regional Airport to have full access and use of Local Regional Airport’s property and services required to support our permitted operations.
3.  A signed agreement with the fire department(s)




Appendix B:  HS-1 Checklist, Launch Commit Criteria and Flight Rules

	#
	Procedure

	1 
	T-60:00 before ignition – Clear “Safety Clear Zones” of people (uninvolved public)

	2 
	T-30:00 before ignition – Check RCS Enable Switch is not activated

	3 
	T-30:00 before ignition – Check Oxidizer Dump Switch is not activated

	4 
	T-30:00 before ignition – Check Rocket Engine Arm Switch is not activated

	5 
	T-5:00 before ignition – Check Real-Time Communication with ATC

	6 
	T-5:00 before ignition – Check Real-Time Communication between Ground Command Station and Pilot

	7 
	T-4:00 before ignition – Check meteorological conditions 

	8 
	T-4:00 before ignition – Check high altitude winds launch commit criteria

	9 
	T-1:00 before ignition – Check RCS Arm Switch is activated

	10 
	T-1:00 before ignition – Check Rocket Engine Arm Switch is activated


	#
	Launch Commit Criteria
	Action

	 1
	Confirm Zero population (uninvolved public) in Safety Clear Zone
	GO/NO-GO

	2
	Confirm RCS Enable Switch is OFF
	GO/NO-GO

	3
	Confirm Oxidizer Dump Switch is OFF
	GO/NO-GO

	4
	Confirm Rocket Engine Arm Switch is OFF
	GO/NO-GO

	5
	Confirm Real-Time communication with ATC
	GO/NO-GO

	6
	Confirm Real-Time communication between Ground Command Station and pilot 
	GO/NO-GO

	7
	Confirm meteorological conditions are “GO” (i.e., no lightning in operating area, visibility, cloud cover, etc.)
	GO/NO-GO

	8
	Confirm high altitude winds are less than 200 ft/sec
	GO/NO-GO

	9
	Confirm RCS Arm Switch is ON
	GO/NO-GO

	10
	Confirm Rocket Engine Arm Switch is ON
	GO/NO-GO


	Flight Rules [§ 437.39 & § 437.71(b)]

	#
	Scenario
	Action

	1 
	If main rocket engine does not ignite,
	ABORT 

Implement “Safe Vehicle” emergency procedures (Mishap Response Plan).

	2 
	If the vehicle’s IIP crosses the abort boundary,
	Engine shutdown and return to launch or abort site.

	3 
	If the Ground Command Station calls out the following: “Abort, Abort, Abort!”,
	Engine shutdown and return to launch or abort site.

	4 
	If fuel quantity is equal to or less than 360 pounds,
	Engine shutdown and return to launch or abort site.

	5 
	If oxidizer quantity is equal to or less than 830 pounds,
	Engine shutdown and return to launch or abort site.

	6 
	If GN2 pressure in RCS storage tanks is equal to or less than 750 psia,
	Engine shutdown and return to launch or abort site.

	7 
	If RCS Thruster Chamber pressure upon firing of any thruster is equal to or greater than 50 psia,
	If not achieved after 3 consecutive firings, follow RCS Jet failure checklist.

	8 
	If Gyro indicator light is RED,
	Return to Launch Site when applicable, but before rocket ignition.

	9 
	If electrical power indicator light is RED,
	Return to Launch Site when applicable, but before rocket ignition.

	10 
	If the “Cabin Pressure altitude” exceeds 12,500 ft,
	O2 masks on and flow on, discontinue climb, begin descent, return to launch site when applicable, but before rocket ignition.

	11 
	If the “Oxygen Partial Pressure Gauge” of the ECS is equal to or less than 135 torr,
	O2 masks on and flow on, discontinue climb, begin descent, return to launch site when applicable, but before rocket ignition.

	12 
	If the “Cabin Pressure VVI” of the ECS is not stable at or above 12,500 ft,
	Discontinue climb, begin descent, return to launch site when applicable, but before rocket ignition.

	13 
	If fire is detected in crew cabin,
	Pilot uses CO2-based fire extinguisher to suppress fire,
Land as soon as practicable.

	14 
	If pitch, roll or yaw parameters exceed limitations, 
	Terminate rocket powered flight as soon as practicable.

	15 
	If the vehicle’s IIP is over a populated or a non-sparsely populated area,
	Pilot will NOT initiate a key flight-safety event.


Appendix C:  HS-1 Aerospace Hazard Analysis

** S – Severity, L – Likelihood, R – Risk

	#
	System
	Hazard Description
	**Risk Before Mitigation Measures
	Risk Elimination or Mitigation Measures
	**Risk After Mitigation Measures
	Verification Evidence

(See Appendix D for a description of our verification schedule)

	
	
	Potential source of harm
	Mechanism by which harm may be caused
	Potential outcome if  harm is not addressed
	
	Design or Operate for Minimum risk
	Incorporate Safety Devices
	Provide Warning Devices
	Develop and Implement Procedures and Training
	
	

	
	
	
	
	
	S
	L
	R
	
	
	
	
	S
	L
	R
	

	1
	Avionics & Guidance
	Loss of vehicle’s FMS due to hardware failure or while operating under normal flight conditions.
	The pilot loses instrument navigation guidance and vehicle status functions.  The pilot is thus unable to navigate using the PFD & MFD.  
	The vehicle crashes within the operating area or the vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	C
	4
	 
	Incorporate a Fail-Safe Switch that allows the pilot manually to abort flight by cutting off the main engine.
	A warning system will provide the pilot with audible and visual signals when safe operating ranges of safety-critical flight parameters are exceeded.
	Abort procedures training for the pilot and ground crew.
Crew can navigate through visual reference.
	I
	E
	12
	1. The vehicle’s central processor and associated hardware will be ground tested, as well as flight tested, during our initial flight test program (i.e., before permitted tests).
2. A summary of the results of our abort training for the pilot and ground crew.
3. A description of our abort rules is included with this application.
4. The Fail-Safe Switch and warning system will be tested before permitted flight.
5. Crew training

	2
	Avionics & Guidance
	Loss of GPS signal due to hardware failure or while operating under normal flight conditions. 
	Erroneous data is uploaded to the vehicle’s navigation box resulting in a significant reduction in the capability of navigation box to function properly.
	The LCD displays erroneous safety-critical data to the pilot.
	II
	B
	5
	The naviga-tional box includes three gyros, three accelerom-eters, and two altitude-reporting systems.
	1. Redundant GPS.
2. Incorporate a Fail-Safe Switch that allows the pilot manually to abort flight by cutting off the main engine.
	A warning system will provide the pilot with audible and visual signals when safe operating ranges of safety-critical flight parameters are exceeded.
	Abort procedures training for the pilot and ground crew.
	III
	B
	9
	1. The vehicle’s navigation box and associated hardware will be ground tested, as well as flight tested, during our initial flight test program (i.e., before permitted tests).
2. A summary of the results of our abort training for the pilot and ground crew.
3. A description of our abort rules is included with this application.
4. The Fail-Safe Switch and warning system will be tested before permitted flight.

	3
	Avionics & Guidance
	Failure of gyro due to hardware failure or while operating under normal flight conditions. 
	Erroneous data is uploaded to the vehicle’s navigation box resulting in a significant reduction in the capability of navigation box to function properly.
	The LCD displays erroneous safety-critical data to the pilot.
	II
	C
	6
	The naviga-tional box includes two Global Positioning Systems, three accelerom-eters, and two altitude-reporting systems.
	1. Redundant gyros.
2. Incorporate a Fail-Safe Switch that allows the pilot to manually abort flight by cutting off the main engine.
	A warning system will provide the pilot with audible and visual signals when safe operating ranges of safety-critical flight parameters are exceeded.
	Abort procedures training for the pilot and ground crew.
	III
	C
	11
	1. The vehicle’s navigation box and associated hardware will be ground tested, as well as flight tested, during our initial flight test program (i.e., before permitted tests).
2. A summary of the results of our abort training for the pilot and ground crew.
3. A description of our abort rules is included with this application.
4. The Fail-Safe Switch and warning system will be tested before permitted flight.


1. Redundant accelerometers.


Abort procedures training for the pilot and ground crew.


1. The vehicle’s navigation box and associated hardware will be ground tested, as well as flight tested, during our initial flight test program (i.e., before permitted tests).


2. A summary of the results of our abort training for the pilot and ground crew.


3. A description of our abort rules is included with this application.

	4. The Fail-Safe Switch and warning system will be tested before permitted flight.

	5
	Avionics & Guidance
	Failure of altitude sensor due to hardware failure or while operating under normal flight conditions. 
	Erroneous data is uploaded to the vehicle’s navigation box resulting in a significant reduction in the capability of navigation box to function properly.
	The LCD displays erroneous safety-critical data to the pilot.
	II
	C
	6
	The naviga-tional box includes two Global Positioning Systems, three gyros, and three accelerometers.
	1. Redundant altitude sensors.
2. Incorporate a Fail-Safe Switch that allows the pilot manually to abort flight by cutting off the main engine.
	A warning system will provide the pilot with audible and visual signals when safe operating ranges of safety-critical flight parameters are exceeded.
	Abort procedures training for the pilot and ground crew.
	III
	C
	11
	1. The vehicle’s navigation box and associated hardware will be ground tested, as well as flight tested, during our initial flight test program (i.e., before permitted tests).
2. A summary of the results of our abort training for the pilot and ground crew.
3. A description of our abort rules is included with this application.
4. The Fail-Safe Switch and warning system will be tested before permitted flight.

	6
	Avionics & Guidance
	Loss of telemetry due to hardware failure or while operating under normal flight conditions. 
	The Ground Command Station cannot track vehicle's IIP. 
	The vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	C
	4
	 
	Incorporate a Fail-Safe Switch that allows the pilot manually to abort flight by cutting off the main engine.
	A warning system will provide the pilot with audible and visual signals when safe operating ranges of safety-critical flight parameters are exceeded. 
	Abort procedures training for the pilot and ground crew.
	I
	E
	12
	1. The telemetry transmitter and antenna hardware will be ground tested at expected flight conditions, as well as flight tested during our initial flight test program (i.e., before permitted tests).
2. A summary of the results of our abort training for the pilot and ground crew.
3. A description of our abort rules is included with this application.
4. The Fail-Safe Switch and warning system will be tested before permitted flight.


Redundant radios.

	
	 
	 
	IV
	C
	18
	The radios and associated hardware will be ground tested, as well as flight tested, during our initial flight test program (i.e., before permitted tests).

	8
	Flight Control Systems
	Improper pilot procedure leads to uncontrolled vehicle motion.
	The pilot becomes incapacitated.
	The vehicle crashes within the operating area or the vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	D
	8
	 
	Incorporate a Fail-Safe Switch that is designed to shut the main engine off if the pilot is incapacitated.
	 
	1. Each pilot will be certified to operate the vehicle.  
2. BlueSky will conduct a pre-flight briefing before each flight to verify that everyone (ground crew and flight crew) is aware of the proper procedures for the flight.  
	I
	E
	12
	1. Evidence of pilot's certification to operate the vehicle based on standards developed by the BlueSky.
2. A summary of the results of our abort training for the pilot and ground crew.
3. A description of our abort rules is included with this application. 
4. The FAA will be present at our pre-flight briefing(s) as part of our overall verification plan.
5. The Fail-Safe Switch will be tested before permitted flight.

	9
	Flight Control Systems
	Failure to control RCS due to electrical power failure. 
	Resulting in loss of control of the vehicle.  
	This vehicle’s IIP crosses operating area boundary resulting in death or serious injury to the public.
	I
	D
	8
	1. There are two generator power units.  Each unit has the capability of proving power to all systems.
2. In addition, there two lithium-ion batteries capable of powering essential systems for 30 minutes.
	 
	 
	Abort procedures training for the pilot and ground crew
	I
	E
	12
	1. A summary of the results of our abort training for the pilot and ground crew.
2. A description of our abort rules is included with this application. 
3. Schematics of the electrical system as it relates to the RCS.


2. BlueSky will conduct a pre-flight briefing before each flight to verify that everyone (ground crew and flight crew) is aware of the proper procedures for the flight.  


1. Evidence of pilot's certification to operate the vehicle based on standards developed by the BlueSky.


2. A summary of the results of our abort training for the pilot and ground crew.


4. The FAA will be present at our pre-flight briefing(s) as part of our overall verification plan.

	5. The warning system will be tested before permitted flight.

	11
	Flight Control Systems
	Failure of the Fail-Safe Switch due to a hardware failure. 
	Pilot cannot shutdown the engine. 
	The vehicle’s IIP crosses operating area boundary resulting in death or serious injury to the public.
	I
	D
	8
	Fail-Safe Switch is designed to fail in the “off” position.  The pilot must squeeze, and hold the switch down in the “on” position to control the fuel and oxidizer flow valves of the main engine.
	 
	 
	 
	I
	E
	12
	The Fail-Safe Switch will be tested during the non-permitted testing phase of our program.  

	12
	Electrical System
	Failure of the primary power source (i.e., generator power unit) due to hardware failure or while operating under normal flight conditions.
	Loss of electrical power to the vehicle’s safety-critical systems.
	The vehicle crashes within the operating area or the vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	B
	2
	1. There are two generator power units.  Each unit has the capability of proving power to all systems.
2. In addition, there two lithium-ion batteries capable of powering essential systems for 30 minutes.
	Incorporate a Fail-Safe Switch that allows the pilot manually to abort flight by cutting off the main engine.
	 
	Pilot can manually switch from primary to backup power.
	II
	E
	15
	1. A summary of the results of our abort training for the pilot and ground crew.
2. A description of our abort rules is included with this application. 
3. Schematics of the electrical system.
4. The Fail-Safe Switch will be tested before permitted flight.


2. Incorporate a Fail-Safe Switch that allows the pilot manually to abort flight by cutting off the main engine.


Abort procedures training for the pilot and ground crew.


1. A summary of the results of our abort training for the pilot and ground crew.


2. A description of our abort rules is included with this application. 


3. Schematics of the electrical system.


4. The Fail-Safe Switch will be tested before permitted flight.

	

	14
	Software and Computing Systems
	Improper GPS data obtained due to calculation, logic, data, or interface errors.  
	Erroneous data is uploaded to the vehicle’s navigation box resulting in a significant reduction in the capability of navigation box to function properly.
	The LCD displays erroneous safety-critical data to the pilot.
	II
	B
	5
	The naviga-tional box includes three-rate gyros, three accelerometers, and two altitude-reporting systems.
	Incorporate a Fail-Safe Switch that allows the pilot manually to abort flight by cutting off the main engine.
	A warning system will provide the pilot with audible and visual signals when safe operating ranges of safety-critical flight parameters are exceeded.
	Abort procedures training for the pilot and ground crew.
	III
	B
	9
	1. The vehicle’s navigation box and associated hardware will be ground tested, as well as flight tested, during our initial flight test program (i.e., before permitted tests).
2. A summary of the results of our abort training for the pilot and ground crew.
3. A description of our abort rules is included with this application.
4. The Fail-Safe Switch and warning system will be tested before permitted flight.

	15
	Software and Computing Systems
	Failure of the LCD monitors while operating under normal flight conditions or due to excessive flight conditions.  
	The pilot cannot track safety-critical flight parameters.  
	The vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	C
	4
	 
	Incorporate a Fail-Safe Switch that allows the pilot manually to abort flight by cutting off the main engine.
	A warning system will provide the pilot with audible and visual signals when safe operating ranges of safety-critical flight parameters are exceeded.
	1.Abort procedures training for the pilot and ground crew.
2. Ground Command Station will communicate with pilot to abort mission if IIP crosses abort boundary.
	I
	E
	12
	1. A summary of the results of our abort training for the pilot and ground crew.
2. A description of our abort rules is included with this application.
3. The Fail-Safe Switch and warning system will be tested before permitted flight.


1.Crew cabin designed to a safety factor of 1.5.


2. The Fail-Safe Switch and warning system will be tested before permitted flight.


3.This cabin pressurization system will be tested and inspected before each flight.

	4.The emergency oxygen system will be inspected before each flight.

	17
	Structures
	Crew entry door fails to latch due to design inadequacies. 
	The pilot becomes incapacitated due to the drop in air pressure within the cabin. 
	The vehicle crashes within the operating area or the vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	D
	8
	1. Latching mechanism designed to a safety factor of 1.5.
2. The vehicle contains an emergency oxygen system.  Emergency oxygen masks are deployed from the ceiling for the pilot.    
	Incorporate a Fail-Safe Switch that is designed to shut the main engine off if the pilot is incapacitated.
	A warning system alerts the pilot with audible and visual signals when safe operating ranges of the environmental control parameters are off-nominal. 
	Dual pressurized air tanks.  For a typical flight, only one of the tanks needs to be turned on.  If there is a drop in cabin pressure, both tanks can be turned to the emergency setting.  Air is then vented into the crew cabin to maintain cabin pressure.  
	I
	E
	12
	1. Latching mechanism has been tested to a safety factor of 1.5 (i.e., prototype qualification test factor).   The following FAA/AST guidance document has been used to determine the appropriate verification safety factors for all structures:  "FAA/AST Guide to Verifying Safety-Critical Structures for Reusable Launch and Reentry Vehicles."
2. The Fail-Safe Switch and warning system will be tested before permitted flight.
3.This cabin pressurization system will be tested and inspected before each flight.
4.The emergency oxygen system will be inspected before each flight.


1. Structural glass (window) designed to a safety factor of 3.0.


1. The structural glass for the crew cabin has been tested (i.e., pressurized structural testing of protoflight hardware) to a safety factor of 2.0.  The following FAA/AST guidance document has been used to determine the appropriate verification safety factors for all structures:  "FAA/AST Guide to Verifying Safety-Critical Structures for Reusable Launch and Reentry Vehicles."


2. The Fail-Safe Switch and warning system will be tested before permitted flight.


3. This cabin pressurization system will be tested and inspected before each flight.

	4. The emergency oxygen system will be inspected before each flight.

	19
	Structures
	Structural failure due to design inadequacies or excessive environ-ments.  
	The vehicle aerodynamically breaks apart.
	The vehicle crashes within the operating area resulting in death or serious injury to the public.
	I
	D
	8
	The main structure of the vehicle has been constructed with skin-stringer aluminum and designed to a safety factor of 1.5.
	 
	 
	  
	I
	E
	12
	The structure has been verified by both analysis and testing.  The structural design is simple with easily determined load paths.  It has been thoroughly analyzed for all critical load conditions.  Qualification test factor for aluminum-constructed structure is 1.5.  The following FAA/AST guidance document has been used to determine the appropriate verification safety factors for all structures:  "FAA/AST Guide to Verifying Safety-Critical Structures for Reusable Launch and Reentry Vehicles."


	
	 
	 
	 
	The thermal protection characteristics of sparesyl will be verified during our ground tests. 

	21
	Propulsion System
	Thrust chamber burn through due to design inadequacies.  
	The vehicle explodes while in flight.
	The vehicle crashes within the operating area resulting in death or serious injury to the public.
	I
	D
	8
	Design thrust chamber to withstand a temperature of 600 K.
	The thrust chamber is kept cooled by circulating fuel around the chamber before mixing with LOX.
	 
	
	I
	E
	12
	1. Verify during our ground tests that the thrust chamber can withstand a temperature of 600 K.
2. Verify during our ground tests that the thrust chamber can be cooled by circulating fuel around the chamber.

	22
	Propulsion System
	Fuel leak from line rupture or fitting failure.
	Leading to possible fire or explosion of the vehicle while in flight.
	The vehicle crashes within the operating area resulting in death or serious injury to the public.
	I
	D
	8
	The fuel lines have been designed to a safety factor of 4.0.  
	Incorporate a Fail-Safe Switch.  Allows the pilot to manually abort flight by cutting off the main engine.
	 
	Abort procedures training for the pilot and ground crew.
	I
	E
	12
	1. The fuel lines have been tested to a safety factor of 1.5.  The following FAA/AST guidance document has been used to determine the appropriate verification safety factors for all structures:  "FAA/AST Guide to Verifying Safety-Critical Structures for Reusable Launch and Reentry Vehicles."
2. A summary of the results of our abort training for the pilot and ground crew.
3. A description of our abort rules is included with this application.
4. The Fail-Safe Switch will be tested before permitted flight.


Abort procedures training for the pilot and ground crew.


2. A summary of the results of our abort training for the pilot and ground crew.


3. A description of our abort rules is included with this application.

	4. The Fail-Safe Switch will be tested before permitted flight.

	24
	Propulsion System
	The pilot depletes the GN2 fuel required for flight in an attempt to maintain proper vehicle attitude.
	Resulting in loss of control of the vehicle.  
	The vehicle crashes within the operating area or the vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	D
	8
	The GN2 fuel tanks contain the required amount of GN2 for the flight plus an additional 25% as a safety margin.
	The Fail-Safe Switch allows the pilot to abort flight during ascent.
	A warning system will provide the pilot with audible and visual signals when safe operating ranges of safety-critical flight parameters are exceeded.
	Abort procedures training for the pilot and ground crew.
	I
	E
	12
	1. A summary of the results of our abort training for the pilot and ground crew.
2. A description of our abort rules is included with this application.
3. The Fail-Safe Switch and warning system will be tested before permitted flight.

	25
	Landing System
	Partial or full structural failure of landing gear. 
	Leads to vehicle crashing on landing or take-off.
	The consequence is not serious enough to cause injury to the public.
	IV
	D
	19
	N/A 
Risk is acceptable
	N/A 
Risk is acceptable
	N/A 
Risk is acceptable
	N/A 
Risk is acceptable
	 
	 
	 
	 


The vehicle crashes within the operating area or the vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.


Abort procedures training for the pilot and ground crew.


2. A description of our abort rules is included with this application.


	4.The emergency oxygen system will be inspected before each flight.

	27
	Environmental Control
	Failure of the fan use to circulate cabin air due to hardware failure or while operating under normal flight conditions. 
	The high level of CO2 in the cabin results in pilot incapacita-tion.  
	The vehicle crashes within the operating area or the vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	D
	8
	The vehicle contains an emergency oxygen system.  Emergency oxygen masks are deployed from the ceiling for the pilot.  
	Incorporate a Fail-Safe Switch.  Allows for an automated abort by cutting off the main engine if pilot is incapacitated.
	A warning system alerts the pilot with audible and visual signals when safe operating ranges of the environmental control parameters are off-nominal. 
	Abort procedures training for the pilot and ground crew.
	I
	E
	12
	1. A summary of the results of our abort training for the pilot and ground crew.
2. A description of our abort rules is included with this application.
3. The Fail-Safe Switch and warning system will be tested before permitted flight.
4.The emergency oxygen system will be inspected before each flight.

	28
	Environmental Control
	Loss of pressurized air for crew breathing due to failure of the primary air tank.  
	The pilot becomes incapacitated due to the drop in air pressure within the cabin. 
	The vehicle crashes within the operating area or the vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	D
	8
	 
	Incorporate a Fail-Safe Switch.  Allows for an automated abort by cutting off the main engine if pilot is incapacitated.
	A warning system alerts the pilot with audible and visual signals when safe operating ranges of the environmental control parameters are off-nominal. 
	Dual pressurized tanks.  The pilot can manually switch between tanks in an emergency.  This system will be tested and inspected before each flight.
	I
	E
	12
	1. The Fail-Safe Switch and warning system will be tested before permitted flight.
2.Each tank will be inspected before each flight.


 1. A manual CO2-based fire suppression system (i.e., fire extin-guisher).


Abort procedures training for the pilot and ground crew.


1. A summary of the results of our abort training for the pilot and ground crew.


2. A description of our abort rules is included with this application.


3. The Fail-Safe Switch and warning system will be tested before permitted flight.


	5. The CO2-based fire extinguisher will be inspected before each flight.

	30
	Natural Environments
	The vehicle experiences wind gusts exceeding 200 ft/sec.  
	The flight control systems cannot control the vehicle.  
	The vehicle crashes within the operating area or the vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	C
	4
	 
	 
	 
	Wind limits on launch commit criteria.
	I
	E
	12
	Description of abort rules (i.e., launch commit criteria) are included in the following: BlueSky Checklist and Flight Rules. 

	31
	Natural Environments
	Natural or triggered lightning strikes the vehicle during flight.
	Leads to an electrical short circuit of the vehicle's flight -safety system.
	The vehicle crashes within the operating area or the vehicle’s IIP crosses operating area boundary, resulting in death or serious injury to the public.
	I
	D
	8
	 
	1. Overload protection/cir-cuit breakers for critical systems (i.e., Avionics and Guidance, Flight Controls, Environmental Controls, etc.).
2. Incorporate a Fail-Safe Switch that allows the pilot manually to abort flight by cutting off the main engine.
	 
	1. Monitor and report meteorologi-cal conditions to the mission conductor before launch.
2. Pilot will not ignite the rocket if lightning producing meteorologi-cal conditions exist.
	I
	E
	12
	1. Description of abort rules (i.e., launch commit criteria) is included in the following: BlueSky Checklist and Flight Rules. 
2. Schematics of the electrical system.
3. The Fail-Safe Switch will be tested before permitted flight.


Appendix D:  HS-1 Verification Schedule
	No.
	System
	Purpose
	Test Description
	Test Dates
	Available Products for Delivery

	1
	Avionics & Guidance
	To verify the operation of the central processor/ navigation box under a range of conditions:

· Due to excessive load environments

· Loss of data from the GPS, gyro, accelerometer, altitude sensor, antenna, or telemetry system
	Ground Tests: 10

Attach central processor/navigation box to shaker and vibrate system at expected flight conditions.  Perform functionality tests before and after each test.
	Nov 2008 – Jan 2009
	· Avionics and Guidance test data and results

	
	
	
	Flight Tests: 4

Central processor/ navigation box will be integrated into vehicle during non-permitted traffic-pattern flights to test its functionality.   These tests will be performed during Flight Test #1 as described in Table 1.
	Jan – Feb 2009
	· Flight Test #1 results document

	2
	Flight Control Systems
	To verify the ability of the pilot to use the flight control systems and displays to control the vehicle during normal operations and emergency situations
	Flight Tests: 10

Piloted vehicle will take off from the runway using the jet engines and will remain in the Spaceport traffic pattern and conduct multiple touch-and-go procedures.  These tests will be performed during Flight Test #1 as described in Table 1.
	Jan  – Mar 2009
	· Flight Control Systems tests data and results from Flight Test #1

	
	
	
	Flight Tests: 5
Piloted vehicle will take off from the runway using the jet engines and fly the nominal flight profile.  At the proper location, the pilot will fire the main rocket engines for 10 seconds.  These tests will be performed during Flight Test #3 as described in Table 1.
	Apr – May 2009
	· Flight Control Systems tests data and results from Flight Test #3 

· Video of multiple tests during Flight Test #3

	3
	Electrical System
	To verify the operation of the electrical system under a range of conditions:
· Due to excessive load environments

· Loss of system from short circuit, ESD, or EMI
	Ground Tests: 10

Attach electrical system to shaker and vibrate system at expected flight conditions.  Perform functionality tests before and after each test.
	Nov 2008 – Jan 2009
	· Electrical System Ground tests results

	
	
	
	Flight Tests: 3

Electrical system will be integrated into vehicle during non-permitted traffic-pattern flights to test its functionality.   These tests are a subset of Flight Test #1 as described in Section 2.1.
	Jan – Feb 2009
	· Tests results from Flight Test #1 

	
	
	
	Flight Tests: 5
Piloted vehicle will take off from the runway using the jet engines and fly the nominal flight profile.  At the proper location, the pilot will fire the main rocket engines for 10 seconds.  These tests will be performed during Flight Test #3 as described in Section 2.1.  
	Apr – May 2009
	· Tests results from Flight Test #3 

	4
	Software and Computing Systems
	To verify that proper GPS and flight display data is obtained and relayed to the pilot
	Flight Tests: 10

During the traffic-pattern fight tests described above (No. 2, Flight Control Systems), the pilot will test and confirm the GPS and flight display data delivery.
	Jan – Mar 2009
	· Software and Computing Systems Ground tests results

	
	
	
	Flight Tests: 5
During Flight Tests #3, as described in Table 1, the pilot will continue to test and confirm the GPS and flight display data delivery.
	Apr – May 2009
	· Tests results from Flight Test #3

	5
	Structure
	To verify the integrity of the structures of the vehicle under a range of conditions:

· Due to excessive load environments

· Due to design inadequacies
	Ground Tests: 5 

Attach vehicle to shaker and vibrate at expected flight conditions.  Perform functionality tests before and after each test.
	Nov– Dec 2009
	· Structural tests results



	
	
	
	Flight Tests: 10 
Piloted vehicle will take off from the runway using the jet engines and will remain in the Spaceport traffic pattern and conduct multiple touch-and-go procedures.  These tests will be performed during Flight Test #1, as described in Section 2.1.
	Jan – Mar 2009
	· Structural tests results from Flight Test #1 



	6
	Thermal Protection System
	To verify the integrity of the thermal protection system under a range of conditions:

· Due to excessive load environments

· Due to excessive heating
	Ground Tests: 5

Attach test article, with thermal protection system, to shaker and vibrate at expected flight conditions.  Perform functionality tests before and after each test.
	Nov– Dec 2008
	· Thermal Control System tests results

	
	
	
	Ground Tests: 5

Apply heat to thermal protections system.  Perform functionality tests before and after each test.
	Dec 2008 – Jan 2009
	· Thermal Control System tests results

	7
	Propulsion System
	To verify the integrity of the propulsion components (thrust chambers, fuel lines, tanks, valves) of the vehicle under a range of conditions:

· Due to excessive load environments

· Due to design inadequacies
	Ground Tests: 5

The propulsion system will be statically fired to test the integrity and functionality of engine.
	Nov– Dec 2008
	· Propulsion System ground tests results

	
	
	
	Flight Tests: 4 

Piloted vehicle will take off from the runway using the jet engines and will remain in the Spaceport traffic pattern and conduct multiple touch-and-go procedures to test integrity of propulsion components, excluding main rocket engine.   These tests are a subset of Flight Test #1, as described in Section 2.1.
	Jan – Mar 2009
	· Flight Test #1 Propulsion System tests results

	
	
	
	Flight Tests: 6

Piloted vehicle will take off from the runway using the jet engines and fly the nominal flight profile to test integrity of propulsion components, with main rocket engine.   These tests are a subset of Flight Test #2, as described in Section 2.1.
	Mar – Apr 2009
	· Flight Test #2 Propulsion System tests results

	8
	Landing System
	To verify the operation of the landing gear
	Flight Tests: 10

Piloted vehicle will take off from the runway using the jet engines and will remain in the Spaceport traffic pattern and conduct multiple touch-and-go procedures.  These tests will be performed during Flight Test #1, as described in Section 2.1.
	Jan – Mar 2009

	· Flight Test #1 Landing System tests results

	9
	Vehicle Environmental Control
	To verify the integrity of the environmental control components (cabin, CO2 scrubber, fans, pressurization system) of the vehicle under a range of conditions:

· Due to excessive conditions (i.e., CO2 buildup, fire/smoke, pressure drop/increase, etc.)

· Due to design inadequacies
	Ground Tests: 5

Pressurize the cabin and perform functionality tests and analysis of the environmental control system, including the use of our fire suppression system.
	Nov– Dec 2008
	· Environmental Control System tests results

	
	
	
	Flight Tests: 4 

Piloted vehicle will take off from the runway using the jet engines and will remain in the Spaceport traffic pattern and conduct multiple touch-and-go procedures.  These tests will be performed during Flight Test #1, as described in Section 2.1.
	Jan – Mar 2009
	· Flight Test #1 tests data and results

· Environmental Control System tests results

	10
	Natural Environments
	To verify that the pilot has been trained to the abort procedures described in our Flight Rules
	BlueSky will simulate the vehicle’s response to off-nominal wind conditions.  This training will assess the pilot’s response to abort conditions.
	Jan – Mar 2009
	· Results of the pilot’s training/simulation


Appendix E:  Details and Assumptions of the Operating Area Sizing Analysis

(Under Construction)
Regen Cooling
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Use of trade names or the names of manufacturers or professional associations in this document does not constitute an official endorsement of such products, manufacturers, or associations, either expressed or implied, by the Federal Aviation Administration.
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