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TECHNICAL DESCRIPTION:
 MEP for Class II UAV - RSTA System

1 SCOPE

This Technical Description establishes the characteristics for performance, design, development, test, and delivery of a proof-of-principle RSTA sensor suite for the Class II UAV being solicited under this Broad Agency Announcement (BAA).  This multi-functional RSTA sensor package shall demonstrate the ability to support the Class II UAV requirements of reconnaissance, security/early warning, target acquisition and designation for the Unit of Action (UA).

1.1 Entity Description

The prototype(s) developed under this BAA will be flight-tested using a Government Furnished Equipment (GFE) surrogate Class II UAV.  The Class II UAV and its sensors will be vehicle portable and will be used for mission support at the company level.  The Government anticipates that the surrogate Class II UAV will be the DARPA developed Organic Air Vehicle (OAV).  The design concepts of the OAV consist of payload bays to house the RSTA sensor and other specialized sensors.  As the primary mission component, the RSTA system functions will be coupled with other complementary technologies, such as the Through Foliage system, to conduct the specified missions.  The OAV program is a parallel development effort to the RSTA system; therefore some design parameters cannot be specified at this time.  Estimates of relevant OAV parameters as related to this BAA and detailed payload performance characteristics are given below.

The RSTA sensor package will consist of but not be limited to: a low-cost wide field of view (WFOV) day/night imager, a narrow field of view (NFOV) day/night imager, and a laser designator rangefinder (LD/R) mounted on a stabilized platform capable of supporting target designation.  Details of these sub-systems are given below.

1.2 Entity Operational Mission

The sensors employed in the RSTA package shall perform the following missions. The Class II UAV and its sensors will be vehicle portable and will be used at the platoon and company levels. The Class II UAV shall incorporate autonomous navigation and flight between multiple, selected waypoints.

	· Local Area Reconnaissance and Surveillance
	The UA Class II UAV and its sensors will perform reconnaissance and early warning. It will be used to over watch and detect events in key terrain, avenues of approach, and danger areas.  The sensor system shall perform this mission while in local area search pattern and in a hover.

	· Targeting
	The UA Class II UAV and its sensors will provide targeting information for the LOS/BLOS area of interest. It will support the recognition, identification, tracking and designation of tactical targets and dismounted enemy troops. It will also provide information for post-attack battle damage assessment.  The sensor system shall perform this mission while the UAV is in a local area search pattern and in a hover.


For the Local Area Reconnaissance and Surveillance and Targeting missions, the RSTA sensor will use a WFOV day/night imager for search and detection and a NFOV day/night imager to provide target identification capabilities.  Both imagers are expected to provide real-time video to the user, and this imagery is to be displayed simultaneously so that WFOV situational awareness is maintained during the target identification process.  In addition, the combined imaging system shall have adequate stabilized pointing capability to track, geolocate, and designate moving targets.

2 APPLICABLE DOCUMENTS


ANSI Z136.1-2000
American National Standard for Safe Use of Lasers

2.1 Order of Precedence

In the event of a conflict between the text of this document and the references cited herein, the text of this document shall take precedence.  Nothing in this document, however, shall supersede applicable laws and regulations unless a specific exemption has been obtained.

3 PERFORMANCE Characteristics

The RSTA Sensor Package shall be designed, developed, tested, and delivered in accordance with the performance described in this document.

3.1 RSTA Sensor System

3.1.1 Notional Design Concept

To provide clarity to the performance description to follow, a notional design for the RSTA sensor package for day and night operations is described here.  Please note that this description is only an example, any design or sensor system that satisfies the functional performance described below will be considered and welcomed.

The WFOV imager may be a 640x480 uncooled LWIR camera with an approximately 40x30 degree field of view.  Ideally, it would have its own stabilized pointing structure beyond the limited pointing capabilities of the UAV.  Housed within the same structure will be a NFOV imaging sensor (possibly a 256x256 cooled MWIR imager) with approximately a 2 degree FOV and an independent pointing mechanism providing a FOR that matches the WFOV camera.  The NFOV imager shares a stabilized pointing platform with the Laser Rangefinder/Designator (LR/D). The pointing capabilities for the RSTA sensor package will accommodate slant ranges of up to 4000 feet (1.2 Km) at hovering altitudes from 100 to 1000 feet.  Onboard image processing will include target tracking to employ the LR/D.  

3.1.2  Cooperative Wide and Narrow FOV Imagers

The RSTA sensor package shall have two day/night imagers capable of operating simultaneously, one to provide WFOV search and detection, the second to provide target identification capability for the same range.   The simultaneous display of two-sensors provides WFOV situational awareness imagery during the identification process.  Video imagery and/or still images of targets and surrounding terrain shall be provided in a non-confusing manner to the user in support of the following RSTA modes.

3.1.2.1 Local Area Reconnaissance and Surveillance

The WFOV day/night imager will provide reconnaissance and early warning for the UA. It will be used to over watch and detect events in key terrain, avenues of approach, and danger areas.  The sensor system shall perform this mission while the UAV transitions between waypoints and in a hover.

3.1.2.2 Wide Area Search and Target Detection

The WFOV day/night imager will provide imagery supporting target detection for the LOS/BLOS area of the UA.  The sensor system shall perform this mission while the UAV transitions between waypoints and in a hover.  Detected targets can then be cued for identification by the NFOV imager, as described in paragraph 3.1.2.  During the tracking and designation phase of acquired targets, the WFOV imager shall assist the NFOV imager by providing the functionality for reacquisition, multiple target tracking, and situational awareness.   The track and wide area search modes shall be carried out with feedback control to the UAV platform (attitude, azimuthal control).   While looking at a moving target on the ground, the center of the line of sight shall have location accuracy sufficient to maintain target lock.  

3.1.2.3 Narrow Field Target Identification

Based upon cued coordinates from the target detection phase, the NFOV day/night imager will point to the cued coordinates within the WFOV and provide imagery supporting target identification for the LOS/BLOS area of the UA.  During the identification process, simultaneous WFOV imagery will be presented to the user so as to maintain situational awareness.  The sensor system shall perform this mission while the UAV is in a local area search pattern and in a hover.

3.1.2.4 Target Tracking and Designation

Once a target is acquired, the system will support the Tracking and Designation of the acquired target.  The sensor system shall perform this mission while the UAV is flying in a slow moving local area search pattern (3 m/s) and in a hover.

3.1.3 WFOV Imager 

The WFOV imager shall provide imagery of night and day scenes to support wide-area reconnaissance, surveillance and target detection.  An additional color camera is desired (objective) that matches the WFOV of the day/night imager and provides the same functionality for day only operations.

3.1.3.1 Target Detection 

The WFOV imager shall have resolution and sensitivity to support the detection of targets at a range up to 1.2 kilometers (threshold), 1.5 kilometers (objective) with 90% probability. The target detection range performance is summarized in Table I.  The development of real-time assisted target detection software capability is desired but not required.

Table I

	
	Threshold
	Objective

	Slant Range
	1.2 Km
	1.5 Km

	FOV 
	≥ 35° Horizontal, ≥ 25° Vertical
	

	FOR - Azimuth 
(note 1)
	Rotation of Aircraft
	360º

	FOR - Elevation
(note 2)
	Pitch of Aircraft
	+90º, -60º

	Target
	Standard NATO = 2.3 m x 2.3 m, (T = 1.25 K

	Atmosphere
	Transmission = 0.7/Km
(Mid-Latitude Summer, Rural 23 Km)


Note 1 – The UAV may supply coarse azimuthal pointing capability to support body-fixed mounting of the WFOV imager.  Independent azimuthal pointing is desired (objective).

Note 2 – During hover mode the UAV will be approximately vertical, 0º pointing is parallel to the ground plane.  Wider elevation pointing ranges are desired to accommodate a range of attack angles for the UAV while cruising.

3.1.3.2 Image Frame Rate

The WFOV and NFOV imagers on-board frame rate shall be equal to or greater than 30 Hz (threshold) to support target tracking, 60 Hz desired (objective).  Video frame rates during simultaneous display of imagers at the UAV operator control unit shall be equal to or greater than 15 Hz (threshold), 30 Hz (objective), lower frame rates shall be selectable to facilitate reduced bandwidth performance.

3.1.3.3 Dynamic Range

The system shall incorporate an image optimization technique to transform the full dynamic range collected by the sensor (12-bits required, 14-bits desired) into 8-bits for the display.  Access to the raw full dynamic range data is required for testing purposes.

3.1.4 NFOV Day/Night Imager 

The NFOV imager shall provide target imagery of night and day scenes to support target identification, tracking, and designation.

3.1.4.1 Target Identification 

The NFOV imager shall have resolution and sensitivity to support the identification of targets at a slant range up to 1.2 kilometers (threshold), 1.5 kilometers (objective) with 90% probability. The target identification range performances are summarized in Table II.

Table II

	
	Threshold
	Objective

	Slant Range
	1.2 Km
	1.5 Km

	FOV – Az/El
	Nominally 1.8º in support of identification, tracking, and designation at above ranges 


	FOR
	Point 10% greater than the field of view of the WFOV imager to allow full image of Targets at the edge 

	Target
	Standard NATO = 2.3 m x 2.3 m, (T = 1.25º K.
For active illumination (LADAR) assume a 30% target reflectance at the laser wavelength.

	Atmosphere
	Transmission = 0.7/Km
(Mid-Latitude Summer, Rural 23 Km)


3.1.4.2 Image Frame Rate

The NFOV imager shall have on-board frame rates of 60 Hz or greater to support target Tracking and Designation.   Video frame rates available at the UAV operator control unit shall be equal to or greater that 30 Hz, lower frame rates shall be selectable to facilitate reduced bandwidth performance. 

3.1.4.3 Dynamic Range

The system shall incorporate an image optimization technique to transform the full dynamic range collected by the sensor (12-bits required, 14-bits desired) into 8-bits for the display.  Access to the raw full dynamic range data is required for testing purposes.

3.1.5 Target Positioning 

Upon acquiring a target, the target geolocation shall be available to the operator based upon current UAV GPS/INS information, pointing knowledge, and rangefinder information. Target location error shall be less than 25 m (threshold), 10 m (objective) at 1000 feet maximum altitude and target acquisition slant ranges defined above.  

Assumptions may include a platform provided GPS/INS error of 10 mrad pointing and 10 m position; as well as the laser rangefinder accuracy of no greater than 5 meter increments when ranging to a target beyond 500 meters, and no greater than 1 meter increments when ranging to a target at ranges under 500 meters.

3.1.6 Tracking

3.1.6.1 NFOV Tracking (Threshold)
Once acquired in the NFOV, the RSTA sensor package shall autonomously track an operator-selected stationary or moving target.  The track mode shall be carried out with the combined feedback control to the UAV platform (attitude, azimuthal control), the WFOV sensor, and the NFOV sensor  (pointing angles, fields of view).  While looking at a moving target on the ground, the center of the line of sight shall have location accuracy sufficient to maintain target lock.  While in tracking mode, the sensor system shall support laser designation of stationary and moving targets.

3.1.6.2 WFOV Tracking (Objective)
The RSTA sensor package shall track multiple stationary and/or moving targets in the WFOV image.  Targets may be automatically and/or manually selected for track.  The operator may select a tracked target, and the NFOV sensor shall automatically image the selected target for further interrogation.

3.1.7 Laser Rangefinder/Designator 

The RSTA sensor package shall incorporate a dual mode Laser Rangefinder/ Designator (LR/D) with an eye-safe laser range finder and a 1.06 micron laser designator. The LR/D technology being developed under an independent government program may be used and will be provided as Government Furnished Information (GFI).  The procurement, control software/hardware, and integration of the GFI LR/D are part of the RSTA sensor package development.  LR/D development description provided here refers to the GFI LR/D.  Performance of the LR/D should not be compromised when integrated into the RSTA sensor package.

3.1.7.1 GFI LR/D Integration Assumptions

Volume (by major component):  

· Laser cavity (less telescope): 6 cubic inches (1” wide x 1” tall x 6” long, or may be repackaged with similar volume)

· Control electronics: 15 cubic inches

· Power supply: 30 cubic inches

Weight:  < 3 lbs weight

Power:  20 Watts 

Output Power:  40 milli-Joule output power 

Wavelength:  1.064 microns (requires shift to eye-safe 1.54 microns)

Pulse Width:  15 to 20 ns 

Repetition Rate:  10 to 20 Hz

Max Exit Beam Diameter:  5mm

Beam Quality:  < 10 mm-mR

Operation Temperature:  -30C to + 50C (no special cooling requirements) 

3.1.7.2 LR/D Ranging and Accuracy

The LR/D shall provide accurate ranging to a target in increments of no greater than 5 meters beyond 500 meters, and no greater than 1 meter increments at ranges under 500 meters.  

3.1.7.3 LR/D Designation Distance

The LR/D shall be capable of providing target designation out to a distance of 1.5 Km (threshold), 2.4 Km (objective).  Note that designation ranges are longer than target identification ranges to accommodate tracking of moving targets.  The LR/D shall be capable of providing target designation for both the Hellfire and Copperhead missiles.

3.1.7.4 Laser Safety 

Laser design shall comply with the requirements of Title 21, Code of Federal Regulations, Part 1040, where practicable.  Laser compliance with ANSI Z136.1 shall be a design goal.  If tactical considerations prevent compliance with Title 21, Code of Federal Regulations, Part 1040, the Contractor shall request a military exemption from the Government.  To receive an exemption, the Contractor shall submit a list of deviations from Title 21 CFR, Part 1040, or alternatively, MIL-STD-1425A, in order for the Government to assess the safety of the LR/D design.  
a.  A warning label shall be prominently affixed near the laser beam exit port.  This label shall be in accordance with ANSI Z136.1, use the word “Danger," identify the type of laser and provide a statement to ensure personnel safety, such as “DO NOT LOOK INTO BEAM."  Black labeling shall be used on exterior surfaces.  A permanent caution label shall be provided on all exempted lasers, which reads:
“This electronic product has been exempted from FDA radiation safety performance standards, prescribed in the Code of Federal Regulations, Title 21, Chapter I, Subchapter J, pursuant to Exemption No. 76 EL-01 DoD issued on 26 July 1976.  This product should not be used without adequate protective devices or procedures.”
b.  After the LRF/D has been powered-up, at least two independent operator actions will be required to cause the laser to fire.  Capacitors shall be discharged to less than 30 volts within 5 minutes upon removal of power.

3.1.8 Pointing/Stability 

The pointing/stability capabilities for the RSTA sensor package shall support and conform to the area search, detection, identification, tracking, and designation missions described above.

3.1.8.1 UAV Limited Pointing Capability

It is anticipated that the Class II UAV shall have limited pointing capabilities coupled to the flight control, during both hover and cruise operation modes.  The extent of the capabilities is not currently defined.  It is assumed that during hover mode the UAV will supply a gross azimuthal pointing capability for the WFOV imager with a one-degree accuracy in non-stressed environments.

3.1.8.2 WFOV Imager Pointing/Stability (Objective)

The WFOV imager shall have pointing capabilities to support the performance specified in Table I.

 (For the system described in the notional design this amounts to a pointing stability within 20% of the IFOV rms during single frame integration to maintain threshold detection performance.)

3.1.8.3 NFOV Imager / LR/D Pointing 

The NFOV imager shall have pointing capabilities to support the performance specified in Table II.

 (For the system described in the notional design this amounts to a pointing stability within 20% of the IFOV rms during single frame integration to maintain threshold identification performance.)

3.1.9 Sensor Data

3.1.9.1 Status Data

The sensor package shall provide status data about itself and the commands it is carrying out. The status data shall include data describing the sensor’s current state and mode. The status data shall also include information such as: the output of diagnostic functions (start up and continuous); the status of a state command (initialize, calibrate, boresight, etc.) it is carrying out; the status of the sensors (fields of view, gain, etc.); and the status of a mode (search, track, rangefinder, designator, etc.) it is executing. The sensor package shall include a means to detect and display failures and malfunctions that occur or are induced.  If a fault is detected, a display will immediately be provided to the operator that clearly identifies the fault and provides corrective measures.

3.1.9.2 UAV Platform Metadata

The sensor package shall interface with and receive UAV platform metadata from the host platform. This data is derived from the aircraft guidance system (integrated inertial navigation and global positioning systems), and describes the aircraft location and attitude. This metadata is used by the sensor package to control the sensor pointing mechanisms in order to carry out the commanded sensor mode.

3.1.9.3 Sensor Data and Associated Metadata

The sensor package shall produce sensor data and associated metadata.

The sensor data shall consist of two digital data streams from the WFOV and NFOV sensors. The format shall be determined by the sensor configuration and operational mode.  All data formats will be combined with its associated metadata and sent to the ground stations via the communications system for the sensor.

At the ground station these data streams will be presented to the ground station operator to support the mission modes described in 3.1.2.  

The associated metadata shall be sampled and tagged to the imagery at rates and latencies sufficient to allow very accurate target geolocation at the UAV ground station. This metadata shall include the UAV platform metadata (UAV location and attitude) as well as metadata from the sensor package (sensor modes, sensor pointing angles, fields of view, etc.). 

3.1.10 Sensor Control and Display Unit

All electronic controls and software supporting the sensors and their functionality are considered a part of the RSTA sensor package.  Design and presentation of the user interface is up to the contractor, however minimal operator interaction for sensor control desired.  Details of how much functionality will be included on-board the aircraft versus the Ground Control Station will be a part of initial design phases.

It is desired that any sensor control and display can be fully integrated into the UAV control station.  For the purposes of this prototype development program the sensor's ground control unit shall be independent of the UAV's.  However, the sensor control unit must be cooperative and not interfere with the UAV ground station.

A Sensor Control Unit (SCU), in cooperation with any on-board electronics, shall support all functionality of the RSTA sensor.  The SCU will be responsible for communications, data acquisition and processing, hardware control, status monitoring, data recording, and display generation.  The SCU will support both development and testing phases of the program.  The control station must function both on-board the manned aircraft (hardwired) and as a sensor ground unit (data linked) for UAV flight tests.  The system command structure and operator interface shall be simple, flexible, responsive and error tolerant.  Commercial standard compatible interfaces shall be used.

3.1.11 Air Vehicle Interface 

The RSTA sensor package shall be designed to be interoperable and compatible with the surrogate UAV and the manned test aircraft.  The RSTA sensor package shall comply with surrogate UAV and manned test aircraft requirements for mechanical, electrical, electronic, and software interface requirements.  All interfaces between system modules, subsystem modules and busses shall be defined and documented using best practices in contractor format.  Commercial standard compatible interfaces shall be used.

3.1.11.1 Airborne Configuration Interfaces
The RSTA sensor package shall include all hardware and software necessary to integrate, interface and operate with the surrogate Class II UAV and the manned test aircraft.  The Government anticipates that the surrogate Class II UAV will be the DARPA developed Organic Air Vehicle (OAV).  The interfaces shall be designed in accordance with surrogate Class II UAV interfaces where applicable.  Any interfaces that are unique to the manned aircraft will be defined and documented in the ICD.

3.2 Platform Interface 

The RSTA sensor package shall be designed to conform to the weight, volume, power, and data link specifications of the surrogate Class II UAV system.  The sensor shall be designed to be interoperable and compatible with the manned aircraft and surrogate Class II UAV.  The RSTA sensor shall comply with surrogate UAV requirements for mechanical, electrical, electronic, and software interface requirements.  

In addition to the RSTA sensor package, the UAV system must be able to accommodate fuel, on-board computer flight control, radio communication for both flight control and sensors, GPS/INS, obstacle avoidance system, as well as, any additional specialized sensors on board.  It is clear that size, weight, and power requirements are crucial to any sensor package design for the Class II UAV.

3.2.1 Weight and Volume

The total RSTA sensor package, including any pointing platforms, cables, electronics, and outer casing, shall not exceed a weight of 16 lbs (threshold), 12 lbs (objective) and shall fit in a volume less than approximately 380 in³ [7 in diameter, 10 in height] (threshold), 225 in³ [6 in diameter, 8 in height] (objective).   

3.2.2 Power

The total RSTA sensor package, including any pointing platforms, should not exceed 200 W (threshold), 100 W (objective), in power consumption.  When coupled with other payloads, a standby power mode shall not exceed 20 W in power consumption.

3.2.3 Radio Communications and Bandwidth

It is anticipated that the UAV platform will interface to the FCS system at large, and to a UAV ground control unit via a JTRS Cluster V communications link.  For this effort, the RSTA system shall include the same, but standalone, radio communication link as the UAV’s for manned aircraft operations.  A current estimate of the available bandwidth for the RSTA sensor package is 1-5 Mbps (Mega bits per second). 

3.2.4 Operating Altitudes and Speeds

The Class II UAV will have an operating altitude ceiling of 1000 ft above ground level (AGL), and have a nominal operating altitude of 300 ft AGL.

The Class II UAV will have a velocity range of approximately 0 – 40 m/s. The attack angle of the vehicle is directly related to its forward velocity (see Figure 1).  Although threshold performance for the RSTA sensor only require target identification and designation functionality during slow flight and hover, it is desirable for full pointing functionally during cruising speeds of 15 m/s.

Detailed flight dynamics are not currently available for the GFE surrogate Class II UAV.  Documentation for this vehicle will be provided when available.
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Figure 1.  Relationship of Speed and Angle of Attack for a VTOL type UAV of similar size and weight as the FCS Class II vehicle.  Actual speeds and attack angles for the GFE surrogate UAV will differ.

3.3 Environmental Conditions

The RSTA Sensor prototypes shall be capable of storage, transportation, and operation when exposed to static and dynamic conditions expected to be encountered during use.  Some of the expected environmental conditions are specified below:

3.3.1 Temperatures

RSTA Sensor shall exhibit neither damage nor degradation of performance when operated or stored in a temperature environment of -25( to +50(C.

3.3.2 Humidity

The RSTA Sensor shall be fully operable and experience no leakage, damage, or degradation of performance while exposed, or as a result of, exposure to diurnal cycles having a relative humidity of 88 percent, and ambient temperature of +41(C for extended periods.

3.3.3 Rain / Water tightness

The RSTA Sensor shall exhibit neither damage nor degradation of performance following exposure to pressurized water at a minimum of 276 kPa (40 psig) nozzle pressure on all exposed surfaces for not less than 30 minutes.

3.3.4 Altitude

The RSTA Sensor shall exhibit neither damage nor degradation of performance from exposure to altitudes to 15,000 feet in an unprotected operating mode.

3.3.5 Vibration

The system shall be capable of withstanding vibrations induced by transporting via conventional trucks, semi-trailers, flatbed transports, and forklifts, etc.

The equipment will be capable of withstanding the vibration resulting from the operation of rotary wing aircraft elements such as the main rotor, tail rotor, engine(s), drive shafts and gear meshing.

The system shall be capable of withstanding vibrations induced by the surrogate Class II UAV aircraft, vibration data will be posted when available.

3.3.6 Shock

The vehicle shock environment is that which is induced by general operation on the surrogate Class II UAV.  Note Class II vehicles must meet low velocity airdrop requirements.  Components when separated from the vehicle are subject to the shock environment of transit drop or bench handling.

The equipment shall remain operational after experiencing shock resulting from installation and use on fixed/rotary wing aircraft.

3.3.7 Sand and Dust

It is anticipated that the most severe sand and dust exposure will take place during takeoff and landing during aircraft operations.  Except for external surfaces of lenses and other external glass or optical items, The RSTA Sensor shall sustain no more than cosmetic deterioration to exposed surfaces after being subjected to blowing fine sand and dust particles.  Mitigation techniques of optical exposure to severe sand and dust environments shall be determined and incorporated.

3.3.8 Electrostatic Discharge (ESD)

The RSTA sensor components shall be designed to survive personnel borne ESD while both in and out of their shipping containers.  The RSTA sensor components shall be designed to survive aerial vehicle borne ESD when in their storage containers and when integrated with the appropriate aerial vehicle components.  

3.3.9 Electromagnetic Compatibility with the Aerial Vehicle

The RSTA sensor shall be designed to be compatible with the host aerial vehicle.  Operation of the RSTA sensor shall not affect the operation of the host aircraft, nor be affected by the host aircraft.  There shall be neither unacceptable response nor malfunction of the host aerial vehicle, any subsystem or equipment due to electromagnetic interference by any or all the subsystems and equipment associated with the RSTA sensor.  The system shall be compatible with the external electromagnetic environment of the host aircraft.

3.4 Design, Construction, and Packaging

The RSTA sensor shall comply with the design criteria in accordance with the contractor's best practices.  Packaging will be in accordance with contractor's best practices.
3.4.1 Identification and Marking  
For tracking purposes, the RSTA sensor shall be marked externally (where practical) with the: Contractor’s name, contract number, production date, and serial number.  Markings shall be in Contractor’s format and designed to be legible and permanent.

3.4.2 Finishes  
The RSTA sensor shall be olive drab.  Materials and finishes shall be capable of withstanding the environmental conditions, normal use, and cleaning.  

4 Design Verification

The contractor shall be responsible for all analysis, with the Government’s concurrence, to assess achieved performance.
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Sheet1

		Organic Air Vehicle Generic Aero Model								T.Stephens

										3/27/02

		Unaccelerated Horizontal Flight - Model #1

		CDmin/Cdmax=		0.5				TAS @40oAOA m/s =				20

		CLmax=		0.4

		CDmax=		1.0

		W =		1.0

		S =		1.000

		Angle of Attack		Lift Coeff.		Drag Coeff.		S.Dyn.Press.		S.Speed		S.Thrust		True Air Speed

		a		CL		CD		q		q1/2		T		U0

		(deg)												(m/s)

		0.1		0.001814		0.5000015231		372		19.29		186.1110895285		382.94

		1		0.018133		0.5001522932		37.226		6.10		18.622		121.10

		2		0.036227		0.5006089874		18.619		4.31		9.327		85.65

		3		0.054244		0.5013695262		12.419		3.52		6.235		69.95

		4		0.072145		0.5024329828		9.322		3.05		4.695		60.60

		5		0.089893		0.5037980617		7.464		2.73		3.775		54.23

		6		0.107449		0.5054630998		6.228		2.50		3.165		49.53

		7		0.124777		0.5074260684		5.345		2.31		2.733		45.89

		8		0.141841		0.509684576		4.684		2.16		2.411		42.96

		9		0.158603		0.5122358709		4.171		2.04		2.163		40.54

		10		0.175030		0.5150768448		3.761		1.94		1.967		38.50

		11		0.191088		0.5182040364		3.427		1.85		1.809		36.74

		12		0.206742		0.5216136356		3.148		1.77		1.679		35.22

		13		0.221961		0.5253014884		2.913		1.71		1.571		33.88

		14		0.236714		0.5292631018		2.712		1.65		1.480		32.69

		15		0.250971		0.5334936491		2.539		1.59		1.402		31.62

		16		0.264705		0.537987976		2.387		1.54		1.336		30.66

		17		0.277887		0.5427406069		2.253		1.50		1.279		29.79

		18		0.290493		0.5477457514		2.135		1.46		1.229		29.00

		19		0.302498		0.5529973116		2.029		1.42		1.187		28.27

		20		0.313880		0.5584888892		1.934		1.39		1.149		27.60

		21		0.324618		0.5642137936		1.848		1.36		1.117		26.98

		22		0.334694		0.5701650499		1.770		1.33		1.088		26.40

		23		0.344089		0.5763354074		1.699		1.30		1.063		25.87

		24		0.352788		0.5827173484		1.633		1.28		1.042		25.37

		25		0.360778		0.5893030976		1.573		1.25		1.023		24.90

		26		0.368046		0.5960846312		1.518		1.23		1.007		24.45

		27		0.374584		0.6030536869		1.467		1.21		0.993		24.04				29" OAV

		28		0.380382		0.6102017741		1.419		1.19		0.981		23.64				AOA		VH		VH

		29		0.385434		0.6175201839		1.374		1.17		0.970		23.27				deg		kt		m/s

		30		0.389737		0.625		1.332		1.15		0.962		22.91

		31		0.393288		0.6326321093		1.293		1.14		0.954		22.57				23.2		60.00		30.22

		32		0.396087		0.6404072133		1.256		1.12		0.948		22.24				25		57.62		29.02

		33		0.398136		0.6483158392		1.221		1.10		0.944		21.93				30		51.10		25.74

		34		0.399439		0.6563483516		1.187		1.09		0.940		21.63				35		45.29		22.81

		35		0.400001		0.6644949642		1.156		1.08		0.937		21.34				40		39.71		20.00

		36		0.399829		0.6727457514		1.125		1.06		0.936		21.06				45		34.84		17.55

		37		0.398934		0.681090661		1.096		1.05		0.935		20.78				50		30.77		15.50

		38		0.397326		0.6895195261		1.068		1.03		0.935		20.52				60		23.99		12.08

		39		0.395018		0.6980220773		1.041		1.02		0.935		20.26				70		17.21		8.67

		40		0.392027		0.7065879556		1.015		1.01		0.937		20.00				90		0.00		0.00

		41		0.388368		0.7152067248		0.990		0.99		0.938		19.75

		42		0.384059		0.7238678842		0.965		0.98		0.940		19.50

		43		0.379122		0.7325608816		0.941		0.97		0.943		19.26

		44		0.373577		0.7412751258		0.918		0.96		0.946		19.02

		45		0.367447		0.75		0.895		0.95		0.949		18.78

		46		0.360759		0.7587248742		0.872		0.93		0.953		18.54

		47		0.353537		0.7674391184		0.850		0.92		0.956		18.30

		48		0.345808		0.7761321158		0.828		0.91		0.960		18.06

		49		0.337603		0.7847932752		0.806		0.90		0.964		17.82

		50		0.328950		0.7934120444		0.785		0.89		0.968		17.58

		51		0.319880		0.8019779227		0.763		0.87		0.973		17.34

		52		0.310425		0.8104804739		0.742		0.86		0.977		17.10

		53		0.300618		0.818909339		0.721		0.85		0.981		16.85

		54		0.290493		0.8272542486		0.700		0.84		0.985		16.60

		55		0.280083		0.8355050358		0.679		0.82		0.989		16.35

		56		0.269425		0.8436516484		0.658		0.81		0.992		16.10

		57		0.258553		0.8516841608		0.637		0.80		0.996		15.84

		58		0.247503		0.8595927867		0.616		0.78		0.999		15.58

		59		0.236311		0.8673678907		0.595		0.77		1.003		15.31

		60		0.225015		0.875		0.575		0.76		1.005		15.04

		61		0.213650		0.8824798161		0.554		0.74		1.008		14.77

		62		0.202252		0.8897982259		0.533		0.73		1.010		14.49

		63		0.190860		0.8969463131		0.513		0.72		1.013		14.21

		64		0.179508		0.9039153688		0.492		0.70		1.014		13.92

		65		0.168234		0.9106969024		0.471		0.69		1.016		13.63

		66		0.157071		0.9172826516		0.451		0.67		1.017		13.33

		67		0.146057		0.9236645926		0.431		0.66		1.018		13.03

		68		0.135225		0.9298349501		0.410		0.64		1.019		12.72

		69		0.124609		0.9357862064		0.390		0.62		1.019		12.40

		70		0.114243		0.9415111108		0.370		0.61		1.019		12.08

		71		0.104158		0.9470026884		0.350		0.59		1.019		11.75

		72		0.094387		0.9522542486		0.331		0.57		1.019		11.41

		73		0.084959		0.9572593931		0.311		0.56		1.018		11.07

		74		0.075903		0.962012024		0.291		0.54		1.017		10.72

		75		0.067248		0.9665063509		0.272		0.52		1.016		10.35

		76		0.059019		0.9707368982		0.253		0.50		1.015		9.98

		77		0.051244		0.9746985116		0.234		0.48		1.014		9.60

		78		0.043944		0.9783863644		0.215		0.46		1.013		9.21

		79		0.037144		0.9817959636		0.197		0.44		1.011		8.80

		80		0.030863		0.9849231552		0.178		0.42		1.010		8.38

		81		0.025120		0.9877641291		0.160		0.40		1.008		7.93

		82		0.019934		0.990315424		0.142		0.38		1.007		7.47

		83		0.015321		0.9925739316		0.123		0.35		1.006		6.97

		84		0.011293		0.9945369002		0.106		0.32		1.004		6.45

		85		0.007865		0.9962019383		0.088		0.30		1.003		5.88

		86		0.005045		0.9975670172		0.070		0.26		1.002		5.25

		87		0.002843		0.9986304738		0.052		0.23		1.001		4.55

		88		0.001265		0.9993910126		0.035		0.19		1.001		3.71

		89		0.000317		0.9998477068		0.017		0.13		1.000		2.62

		90		0.000000		1		0.000		0.00		1.000		0.00
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