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Description:

L-3 has expressed the ability to predict the performance of an aircraft based on data about the geometry of an aircraft, called the geometry sample. From this sample, L-3 creates a simulation model of that particular aircraft for training of pilots etc. L-3 would like real-time data about the performance of an aircraft in flight, so that it can compare real-time performance with its predicted performance based on its geometry technique. Therefore L-3 will provide our group with data to perform the comparison, as well as fund the project as long as the costs are justifiable.

Motivation:

The primary motivation for this project starts with the sponsor, who wishes to produce a viable, and accurate, innovative means of predicting the performance of an aircraft in flight without putting the aircraft in flight. This would eliminate the use of resources such as flight time, plane fuel, and providing a low-risk testing environment that ensures the safety of the plane, the public and the pilot.


The secondary motivation for this project comes in the form of technical expertise from the research and design team comprised of 3 computer engineering students (Brian, Tony, and Shaun) and an electrical engineering student (Winston). Winston will specialize in the hardware portion of this project, Brian will pursue the interfacing of the hardware and software components, Tony will develop the applications that will program the hardware, and Shaun will dedicate himself to the programming integrated circuits on the hardware

Goal & Objectives: 

Our goal is to produce a low-cost, portable, lightweight, & accurate product that is general enough to be capable of being installed in various aircrafts (military, commercial, even R/C models). Our product will be responsible to measure various parameters that determine the flight characteristics of that aircraft such as thrust, lift, and accelerations about various axis’. The in-flight parameters, in addition to the geometry parameters crucial to this project are listed later in a large table.

Our objective is therefore to populate a printed circuit board (PCB) with sensors, digital signal processing (DSP) and micro-controlling capabilities, GPS, and provide software application that will program that PCB to be able to provide:

a.
Mixed Flight (manual and automatic) control.


i.
Manual flight will be possible via the R/C transmitter given the plane is in the range of it.

ii.
Automatic flight will require a flight profile of the path that will be followed via GPS. Piccolo, the R/C autopilot L-3 proposed, is too expensive and not used. Cheaper alternatives are still being explored.

b.
Relayed flight data (altitude, pressure, force, various accelerations, etc.) to:

i.
A ground receiver on a laptop or other viewing display with recording capabilities.

ii.
On-board memory (in the case that the plane is out of range of the ground station)

Requirements:

1.
Flight data logger must be versatile

2.
Collect as much live data as is possible. This leads to better comparisons later

3.
Sponsored aircraft must be small unmanned aerial vehicle (UAV), but big as is feasible under budget.

4.
Extract from the excel spreadsheets L-3 provided, the physical parameters that the hardware must measure in real-time, and equivalently software must be prepared to process.

As described before, we are tasked to design a versatile system which can measure live flight data of a small unmanned aircraft. We have been asked to collect as much in flight data as possible which shall be compared to the outputs of the simulation software used by our sponsor, L3. As such, L3 has provided us with several excel spreadsheets which provide the inputs as well as the outputs of their software collection. From this we have formulated the list of data we will attempt to collect. The values from these spreadsheets are listed below.

As for how high the plane must fly, how long, and how far, L3 has not decided on these specifications because they want to do a cost analysis of the types of airplanes and sensors that are available as these materials can range vastly in price. L3 said that after we collect a list of prices and specifications of different models of aircraft and sensors they will make a decision as to how much they are willing to spend. As a team, we have taken it upon ourselves to create a starting budget of $2000.00.

Specifications: 

In the following two tables we have listed an abridged list of the specifications provided to us by L3. The main software of interest we will compare our data to are Aeromatic and Datacom.

	AeroMatic Input
	AeroMatic Output (continued)

	
	

	[engine config]
	empty weight

	engine type
	CG location (x,y,z)

	horsepower,#
	? (X,Y,Z) (CENTER OF PRESSURE?)

	afterburning
	pilot eye location (x,y,z)

	water injection
	landing gear nose specs

	
	left landing gear specs

	[propeller config]
	right landing gear specs

	engine power, #
	engine location (x,y,z,pitch, yaw, feed)

	rpm, #
	thrust location (x,y,z,pitch,yaw)

	pitch
	fuel tank0 size and location (x,y,z,radius, capacity, contents)

	propeller dia, #
	fuel tank1 size and location (x,y,z,radius, capacity, contents)

	
	pitch trim

	[aero config]
	elevator control

	aircraft type
	roll trim

	TO weight, #
	left aileron control

	wingspan, #
	right aileron control

	plane length,#
	rudder command

	wing area,#
	rudder control

	landing gear
	flaps control

	retractable
	gear control

	# engines
	speedbrake control

	engine type
	

	engine layout
	CL (alpha)

	yaw damper
	

	
	CL(elevator deflection)

	
	dCL(flap)

	AeroMatic Output
	dCL(speedbrake)

	
	

	generated in file (..._engine.xml)
	Zero lift drag

	milthrust
	Induced Drag

	max thrust
	CD(mach)

	bypass ratio
	CD(flap)

	idleN1
	CD(gear)

	MAXN1
	CD(speedbrakes)

	MAXN2
	CD(Sideslip)

	thrust coeff
	CD(elevator deflection)

	idle power thrust factor vs. vel and postion
	

	military power thrust factor vs. vel and postion
	Cy(beta)

	
	

	
	roll moment, Cl, due to beta

	generated in file (..._prop.xml)
	Cl(roll rate)

	linear blade inches
	Cl(yaw rate)

	Ixx
	Cl(aileron)

	min pitch
	Cl(rudder)

	max pitch
	

	min rpm
	Pitch moment,Cm, due to alpha,a 

	max rpm
	

	c_thrust (table)
	Cm(elevator)

	c_power (table)
	Cm(pitch rate)

	generated in file (..._aero.xml)
	Cm(a dot)

	horizontal tail area
	

	horizontal tail arm
	Yaw moment, Cn, due to beta

	vertical tail area
	Cn(yaw rate)

	Ixx
	

	Iyy
	

	Izz
	Cn(rudder)

	Ixz
	Adverse Yaw


	Datcom Inputs
	Comments
	Datcom Inputs (Continued)
	Comments

	[flight conditions]
	 
	THSTCP
	thrust coeff

	NMACH
	# of Mach numbers to test (max 20)
	PHALOC
	location of prop hub

	MACH
	Specific mach numbers to use (max 20)
	PHVLOC
	

	NALT
	# of alttitudes to test (max 20)
	PRPRAD
	prop radius

	ALT
	Specific alttitude numbers to use (max 20)
	BWAPR3
	prop blade width at .3 radius

	NALPH
	# of angles of attack to test (max 20)
	BWAPR6
	prop blade width at .6 radius

	ALSCHO
	Specific angle of attack numbers to use (max 20)
	BWAPR9
	prop blade width at .9 radius

	WT
	vehicle weight
	NOPBPE
	# prop blades per engine

	GAMMA
	flight path angle
	BAPR75
	prop blade angle at .75 radius

	LOOP
	programming looping control 91=test alt+mach together, 2=mach w/fixed alt, 3=alt w/fixed mach)
	YP
	lateral location of engine

	*VINF
	values of freetsream speed
	CROT
	counter rotating prop (TRUE or FALSE)

	*HYPERS
	if typed=true and hypersonic analysis done at all mach numbers>1.4
	[jet]
	JET ENGINE

	*STMACH
	subsoninc test mach # limit (between .6 and .99) DEFAULT = 0.6
	AIETLJ
	incidence angle of engine thrust

	*TSMACH
	supersonic test mach # limit (between 1.01 and 1.4) DEFAULT=1.4
	NENGSJ
	# engines

	*TR
	transition (0.0 for no transition (default) and 1.0 for transition)-for drag calculation
	THSTCJ
	thrust coeff

	*[options]
	 
	JIALOC
	location of jet engine

	*ROUGFC
	surface roughness factor DEFAULT=.00016in
	JEALOC
	

	*SREF
	wing area
	JIEVLOC
	

	*CBARR
	 
	JELLOC
	

	*BLREF
	wingspan
	JINLTA
	jet inlet area

	[aero config]
	 
	JERAD
	jet exit radius

	 
	 
	JEANGL
	jet exit angle

	[craft layout]
	 
	JEVELO
	jet exit velocity

	XCG
	center of gravity location
	AMBTMP
	ambient static temp

	ZCG
	
	AMBSTP
	ambient static pressure

	XW
	wing appex location
	JESTMP
	jet exit static temp

	ZW
	
	JETOTP
	jet exit total pressure

	ALIW
	wing angle 
	Datcom Output
	Comments

	XH
	horizontal tail location
	 
	 

	ZH
	
	PINF
	pressure in freestream

	XV
	vertical tail location
	TINF
	temp in freestram 

	ZV
	
	RNNUB
	 

	ALIH
	horizontal tail angle
	
	 

	VERTUP
	vertical panel above reference plane (TRUE=DEFUALT)
	CL_Total
	 Total Lift Coefficient due to:

	[body dimension]
	 
	CLα
	CL from Basic geometry

	NX
	# X locations/segments
	CLδf
	CL from Flap deflection 

	X
	specific x locations
	CLδe
	CL from Elevator Deflection 

	R, P, S
	half-width and/or periphery and /or area at each x
	CLq
	CL from Pitch Rate derivative 

	ZU
	distance to upper body surface
	CLαdot
	CL from Angle of Attack Rate derivative 

	ZL
	distance to lower body surface
	Cd_Total
	 Total Drag Coefficient due to:

	[airfoils]
	 
	Cdα
	Cd from Basic geometry 

	NACA speficied
	 
	Cdδf
	Cd from Flap deflection 

	User defined (upper and lower surfaces and spefic points or man chord line and thickenss distribution at specific points)
	Cdδe
	Cd from Elevator deflection 
	

	[wing and tail specs]
	need for wing, h tail, and v tail
	Cy_Total
	 Total Side Force Coefficient due to:

	CHRDTP
	chord at wing tip
	Cnβ
	Cy from Sideslip 

	CHRDR
	chord at wind root
	Cnp
	Cy from Roll Rate derivative 

	SSPNE
	semispan exposed panel length
	Cnr
	Cy from Yaw Rate derivative 

	SSPN
	theoretical semispan exposed panel length
	Cm_Total
	 Total Pitching Moment Coefficient due to:


	SAVSI
	inboard sweep angle
	Cmα
	Cm from Basic geometry 

	CHSTAT
	reference chord station (0.25)
	Cmδf
	Cm from Flap deflection 

	TWISTA
	twist angle
	Cmδe
	Cm from Elevator deflection 

	DHDADI
	dihedral angle
	Cmq
	Cm from Pitch Rate derivative 

	TYPE
	wing shape (1=straight tapered, 2=delta,3=cranked)
	Cmαdot
	Cm from Angle of Attack Rate derivative 

	 
	 
	Cl_Total
	 Total Rolling Moment Coefficient due to:

	[Aileron, Wing Flaps, and Elevators]
	 
	Clδa
	Cl from Aileron Deflection 

	NDELTA
	# of deflectionangles to test
	Clβ
	Cl from Sideslip 

	DELTA
	specific deflection angles
	Clp
	Cl from Roll Rate derivative 

	SPANFI
	dimension of flap
	Clr
	Cl from Yaw Rate derivative 

	SPANFO
	
	Cn_Total
	 Total Yawing Moment Coefficient

	CHRDFI
	
	(Cyδa)
	Cn from Aileron deflection 

	CHRDFO
	
	(Cyβ)
	Cn from Sideslip 

	NTYPE
	nose type (1=round, 2=elliptical, 3=sharp)
	v(Cyp)
	Cn from Roll Rate derivative 

	CB
	average balance chord
	(Cyr)
	Cn from Yaw Rate derivative 

	TC
	average thickness
	 
	 Misc

	PHETE
	tangent of arifoil trailing edge angle 90-99%chord
	ε
	Horizontal Tail Downwash Angle 

	PHETEP
	tangent of arifoil trailing edge angle 95-99%chord
	δε/δα
	Derivative of Downwash Angle 

	 
	 
	Chα
	Elevator-surface hinge-moment derivative with respect to alpha 

	[power]
	prop or jet but not both (no turboprop)
	Chδ
	Elevator-surface hinge-moment derivative due to Elevator deflection 

	[prop]
	PROPELLER ENGINE
	 
	All above values calculated using a stability axis system

	AIETLP
	incidence angle of engine thrust
	CN
	Normal force coefficient (body axis)

	NENGSP
	# engines
	CA
	Axial force coefficient (body axis) 


Estimated UAV Specifications:

Based on research done by our group, we have formulated the following list which specifies what we will assume to be the average specifications of our UAV.

1.
The plane will have approximately 

a.
A wingspan of ~8ft 

b.
Fuselage length of ~5ft.

c.
Weight of ~ 5.5 lbs. unloaded and between 6 lbs. and 7 lbs. when equipped with hardware.

d.
Cost b/t $250 - $340.This includes plane body, high-powered motor, electronic speed control system, servos (3 or 4), battery pack, charger, R/C transmitter (for manual flight), R/C receiver (in plane), & propeller.

e.
Flight time of 10-25 minutes

f.
Have altitudes of at least 800ft -1000ft

g.
Flight speeds between 15-50 MPH

2.
The Hardware should

a.
Weigh no more than a 1lb

b.
Cost no more than $70 for all sensors, GPS receiver, microcontroller, DSP circuitry, power supply, and support circuitry.

c.
not exceed $150 for fabrication of a prototype of the final PCB

d.
not exceed $150 for assembly we guess (if we outsource to contract manufacturer such as Quality Manufacturing Services (QMS)), if we don’t do a rugged oven process where the oven is either hotplate($18), or toaster oven ($0)

Block Diagrams
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Project Budget and Financing

As was seen in the Specifications section, the estimate of the today project from R&D, design, prototyping, to test is expected to be

	Item
	Max Price Expected

	Plane Kit w/t all necessary accessories
	$340

	Plane Instrumentation (Hardware designed)
	$70

	Instrumentation Manufactured (fabricated and assembled)
	$300

	Software (Development tools for hardware and application software)
	$0

	TOTAL
	$710


Project Milestones:

Summer 2011:

1.
Obtain all software and hardware design tools.

2.
Obtain sample parts and being validating them.

3.
Transfer block diagrams into actual code or schematic drawings.

a.
Hardware schematic capture, PCB design (layout, routing, stack-up)

4.
Validate, simulate, and debug hardware and software designs

Fall 2011:

1.
Test the plane, autopilot, data-logger, and software.

2.
Implement designs into a prototype PCB, and program with software application

3.
Prototype tested and working by December 15, 2011.


