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LV2 Initial Airframe Design Criteria
Purpose

The intent of this document is to serve as a starting point for the initial ‘brainstorming’ period in the design cycle for Portland State Aerospace Society’s Launch Vehicle No.2 (LV2).

The primary purpose of the brainstorming sessions are to develop a vehicle airframe design that will meet the stated goals for the airframe portion of the project by taking into account the criteria and constraints that have been agreed upon by the Society and outlined in the Oregon Space Grant proposal for LV2.  

Design Goals

1) Design a launch vehicle capable of safely delivering and recovering a 20lb payload of reasonable size to highest altitude possible on a specified solid propellant motor.

2) Design a launch vehicle capable of being used as a test bed for future active guidance systems.

Primary Design Criteria

The following are the main criteria to be used to guide the design decisions of the overall airframe and its components.

Safety 
Insure that no one gets hurt and that risk of damage to property and equipment is minimized. Build in safety factors.

Simplicity 
Improves operational reliability

Cost 
Minimize costs.  Use off the shelf technology and equipment where possible.

Manufacturability 
Insure fabrication of multiple vehicles can be done easily with minimal equipment.

Weight 
Reduce component weight when possible.

Strength 
Design and build components with strength and robustness in mind.

General Design Criteria

	Criteria
	Reason/Specific

	
	

	Modular
	· Each team will have their own module: Propulsion, Avionics, Recovery, and Payload.

· Module can be removed and worked on by specific team.

· Team can have module up to time of final integration w/o inhibiting another team due to their need for that module.

· Allows for future upgrades.

· Allows flexibility to achieve a wide variety of mission goals.

	Modules indexed/keyed
	· All modules need to be keyed to allow for proper alignment.

· Keys should be semi self-aligning and make contact before electrical connectors make contact.

	0.5 – 0.6 Mass Ratio (Mfinal/Minitial) (does not include payload weight)
	· Realistic goal for LV2 that is still quite challenging.  x5 increase over LV1 Mass Ratio.

	Capable of Mach 4 flight through troposphere/tropopause
	· Exceeds expected velocity the propulsion system is capable of producing through thickest portion of atmosphere where dynamic pressure will be greatest.

	Symmetry about the vehicles Z-axis
	· Reduce the moment about the vehicles center of gravity.

	Airframe structure capable of handling 20 g’s
	· This should exceed maximum g load experienced by rocket.  (This may be modified depending on final propulsion specifications)

	10-flight lifespan
	· Chosen to offset the launch cost for the airframe initial investment to under $100 per flight.

	Interior of airframe designed to minimize obstructions where objects or systems need to be extracted from within (i.e. recovery system)
	· Increased reliability and reduces possibility of damage to extracted components.

	Access Panels
	· Allows access to critical systems, through airframe walls, while vehicle is in launch configuration 

	Dual recovery schemes
	· Scheme 1- the payload module will remain onboard the rocket through the entire flight cycle. In this configuration the recovery module will be stacked onto the payload module. The recovery module will contain both the drogue parachute and the main parachute whose deployment will be sequenced via the flight computer.

· Scheme 2 – The payload module will be ejected/extracted at apogee or some fixed time there after. In this configuration a drogue parachute will be packed on top of the payload module to facilitate the extraction of payload module. The payload module will be stacked on top of the recovery module that will house the main parachute.

	Fin canister
	· Fins can be reduced as active guidance increases.

· Fins can be easily replaced if damaged.

	Perforations in vehicle skin
	· Required for certain systems; Shore power, Umbilical, Safe/Armed keys, avionics sensors (pressure), Payload needs.

	Minimize air stream perturbations
	· Lower drag = higher altitude.

	Common electrical, data, and control bus though vehicle modules
	· Allows interchangeability of modules

· All modules have the ability to communicate and share flight computer.

· Standardization will facilitate 3rd party module design.

	Common plumbing passages through vehicle modules.
	· All modules need to have the ability to be retrofitted at a later date with the necessary plumbing to accommodate a secondary LiTVC system. (Liquid injected thrust vector control)

	3:1 static stability margin
	· The vehicles center of pressure (CP) should be located at least 3 calipers (body diameters) behind the center of gravity (CG) of the vehicle to assure stability.

	Airframe capable of future lower stage retrofit
	· Design consideration should be given to the future adapting our coupling of booster stage onto LV2.

	Adjustable CG
	· Allows for variations to the center of gravity (and therefore stability) of the vehicle for specific mission and vehicle configurations.


Constraints by other Teams

Many of these constraints are vague since the systems have not yet been designed.  Communication and design review will need to occur between teams where the systems and components overlap.  Since the airframe has a design time lead over some of the other teams it may be a good opportunity for the airframe team to set the design parameters for where the systems interface, though this should not be done without consulting the involved teams first.

	Team
	Constraint imposed or required by that team

	
	

	Propulsion Team
	1. Approximately 60,000 N-sec motor 5.25” x 48” with propellant weight near 60lbs.



	Avionics Team
	1. Will need patch antenna bonded to vehicle.

2. Optics for ATV system will need to be external to vehicle.

3. Avionics team will need access to internal systems when vehicle is in launch configuration.



	Recovery Team
	1. Two separate deployment schemes



	Payload Team
	2. May need minimal access to outside environment throughout flight cycle.



	Ground Support Team
	1. Umbilical will need to pass data between tower and internal vehicle systems.

2. Breakaway launch lugs will be used to guide vehicle out of tower.




Other concepts to keep in mind

· Use prior experience. Others and ours.

· Design with testability in mind.

· Ruggedness, the airframe will be in circulation for up to 2 years between teams before it is launched and need to experience repeated tests.

· Quick turn around time, more than one launch per day with same vehicle.

· Redundancy where possible. 

· Must have 95% success in ground tests.

Airframe Team: Brian O’Neel, Maggie Kubit, Cathy Mosher, John Souza, Roger Johnson, Dennis Young (launch lugs).

Timeline

	Brainstorming sessions
	Generate creative ideas applicable to the design of LV2.
	December 2000

	Initial design complete
	Come to a consensus among airframe team members and solidify a design that meets the primary goals of LV2 and takes into account the design criteria set forth in this document.
	February 1, 2001

	Modeling
	Mathematically model initial design and modify as necessary to optimize.  Build small-scale physical model to determine possible manufacturability issues and for potential use in wind-tunnel analysis.
	March 1, 2001

	Prototypes

	Build full-scale prototype sections of vehicle to test manufacturing equipment/procedures and to use in destructive testing.
	April 1, 2001

	Testing

	Test prototypes.

Strength, Coupling, Vibration, Etc. modify design as necessary.
	May 1, 2001

	1st airframe delivered
	First bare airframe completed. (Flight Article). Preliminary integration of other team’s systems can begin if they do not interfere with low altitude test requirements.
	July 1, 2001

	Airframe ground tests
	Full vehicle is tested as thoroughly as possible on the ground. Design modified as necessary during testing process.
	August 31, 2001

	Low altitude airframe test
	Airframe modified to accommodate M2400 motor and minimal recovery and support electronics to do an as ‘simple and light as possible’ airframe only test with the primary goal of simulating final completed vehicle velocity and g loading.
	Black Rock, September 2001

	2nd airframe delivered
	Second airframe completed. (Back-up Article) Fitted with appropriate internal hardware.
	November 2001

	Start systems integration
	LV2 airframes are ready for other teams to start the integration process.
	January 2002

	First fully integrated launch of LV-2
	Full up launch of LV2 in its completed form to meet the goals set forth in the PSAS Oregon Space Grant.
	September 2002
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