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Fig. 1. Flight testing of the Prospector-6 vehicle, May 2005

Flight Data Acquisition and Control Procurement and Setup

Abstract

Current capabilities for collecting flight data from prototype launch vehicles developed by CSULB students are limited to commercial products available from the hobby market. To expand this capability, this proposal is seeking funding for procuring and integrating an advanced data acquisition equipment and flight control system. The equipment acquired will be integrated and tested by a student as part of the project. Funding for this mini-grant would allow demonstrating the technology and position the university at the forefront of flight testing of low cost launch vehicle technologies.

Need

The development and subsequent flight testing of new technologies is usually a costly endeavor and bold steps needed for large improvements are rarely taken because of risks. For example, the $1.2B NASA X-33 program which was to test new technologies for a next generation Space Shuttle in the nineties and early 2000 was cancelled before getting into flight.

Over the past few years, the California Launch Vehicle Education Initiative

(CALVElN) has resulted in the development and flight of several prototype launch vehicles, ranging from the smaller Prospector-1 through 4 to the larger P-5 and P-6 (Fig. 1). As part of these activities, several rocket engines have been developed and tested by students, including one which led to the first ever flight test of a liquid-propellant aerospace rocket engine after more than 40 years of research (NASA spent about $650M on an aerospace engine development program as part of the X-33 program mentioned above before the program was cancelled). CALVEIN has been able to acquire data acquisition and control capabilities for conducting static fire tests and launch operations. In-flight data collection and onboard vehicle control, however, has been limited to the purchase of existing flight computers used in the hobby market. These devices have limited capabilities and do not allow the students to further their development path. For example, a group of Electrical and Aerospace Engineering students is currently setting up a telemetry package (based on modified wireless technology) and is limited by the capabilities of the on-board data processor.
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Fig. 2. National Instrument's CompactRIO data acquisition and control computer with various accessories shown; LabVIEW's real-time operating system can be used to perform vehicle Guidance, Navigation & Control.

Description & methodologv


The mini-grant funds will be used for obtaining a flight weight/size data acquisition

and control system from National Instrument. The system would include:

. CompactRIO controller and accessories

. High data rate sampling computer cards for cRio

. Chassis for integration of system into the rocket


Once acquired by the faculty member, the equipment will be integrated by a student

and used for telemetry, tracking and command. Also, the system can be used to perform the Guidance, Navigation and Control functions of the vehicle. This task will be attempted by a team of aerospace engineering students on their senior design project (MAE 478 & 479).

Significance

The acquisition of the system will enhance the capabilities of the University for developing onboard flight control and data acquisition beyond what is possible with available low cost commercial products. This will enable CSULB to be positioned to conduct state-of-the-art flight test research in the area of launch vehicle technologies. These technologies span many technical areas, from propulsion to communications. For example, CALVEIN has initiated discussions with the world leading supplier of routers, CISCO Systems, for the next generation communication system, using wireless technology both onboard (sensors to flight computer) and from the rocket to the ground. Such communications systems would be integrated with flight computers like the one purchased under this grant. Having demonstrated the use of such systems would place the university in a unique position to propose low cost flight test projects to traditionally conservative customers (from a risk stand-point, such as NASA or the 000) for developing and testing new technologies more aggressively.

Anticipated outcomes

Two immediate outcomes will result from funding this proposal:

1. Enhanced capabilities for flight testing a variety of launch vehicle technologies; 2. Hands-on education for engineering students, including aerospace, electrical,

computer science and mechanical engineering.

These outcomes all contribute to giving CSULB a competitive edge when applying for future funding in the area of launch vehicle-related technology development.

FACULTY HISTORY OVER THE LAST THREE YEARS (from September 2002 to present):

The applicant is active in two primary areas of scholarly and creative activities

. In a leading role in launch vehicle technologies with an emphasis on liquid​


propellant propulsion systems and

. In Computational Fluid Dynamics (CFD) and its integration into


design/optimization in a major supporting role

These activities are reflected in the funded grants and contract list (Table 1) of the past few years in which the applicant was involved, either as principal investigator (P.I.) or major contributor.

Table 1. Funded grants and contracts involving applicant

	#
	Title
	Role
	Source
	Date
	Amount

	1
	CALVEIN- Competitive Space Grant
	P.I.
	State of California
	01-03
	$110,000

	2
	Small Launch Vehicle Technologies -
	P.I.
	Air Force Research
	03
	$15,000

	
	SBIR - Phase 1
	
	Lab SBIR via GSC
	
	

	
	
	
	subcontract
	
	

	3
	CCDoTT FYOO - CFD & oDtimization
	Contributor
	USTRANSCOM
	01-02
	NA

	4
	CCDoTT FY01 - CFD & Neural Network-
	Contributor
	USTRANSCOM
	02
	NA

	
	based optimization
	
	
	
	

	5
	CCDoTT FY02 -Neural Network-based
	Contributor
	USTRANSCOM
	02-03
	NA

	
	optimization
	
	
	
	

	6
	Static Fire Test Data Acquisition Syst
	PI
	Alumni Assoc.
	04
	$3,000

	7
	Space Grant Workforce Initiative
	P.I.
	NASA
	03-04
	$10,000

	8
	CCDoTT FY04
	Contributor
	ONR
	04-05
	NA

	9
	Neural Networks in Multidisciplinary
	Contributor
	ONR funded STTR
	04-05
	NA

	
	Design Optimization
	
	via MetMath LLC
	
	

	10
	Space Grant Workforce Initiative
	P.I.
	NASA
	04-05
	$10,000

	11
	Demonstration and Analysis of RL V
	P.I.
	Air Force Research
	05
	$30,000

	
	Operations
	
	Lab SBIR via GSC
	
	

	
	
	
	subcontract
	
	

	12
	Flight Testing of Aerospike Engines for
	P.I.
	Missile Defense
	05-07
	$300,000

	
	Improved Propulsive Efficiency
	
	Aaencv
	
	


In addition, the applicant obtained several SCAC mini-grants which were used to initiate areas of research complementary to these projects (Table 2).

Table 2. Recent SCAC awards

	Type
	Description
	Year
	Outcomes

	Assigned
	Conceptual development a
	03-04
	Proposed as part of Phase II SBIR with GSC

	Time
	recovery system for the booster
	
	in Jan 04 - Not funded by Air Force;

	
	stage of a small launch vehicle
	
	Follow-on related work now in progress (#11

	
	
	
	in Table 1)

	Mini-
	Static fire test data acquisition
	S 04
	Air Force proposal for high performance

	grant
	system
	
	static fire test system (DURIP; Defense

	
	
	
	University Research Improvement Program,

	
	
	
	2004-05); proposal not funded; To be used

	
	
	
	for #12, Table1 above

	Summer
	Thruster CFD Analysis and
	Summer 05
	Automated CFD tools like Cosmos are

	Stipend
	Design for Multi-Chamber
	
	inadequate for application; requires CFD

	
	Aerospike Rocket Engine
	
	tools like CFD ++, a license of which was

	
	
	
	secured for#12, Table 1


The CFD and design/optimization activities have been primarily conducted as part of the CCDoTT contracts. In addition to contributing to the various CCDoTT reports, the work was the subject of several reviewed publications at international conferences, including the 2004 Society of Naval Architects and Marine Engineers in Washington, DC, Sept. 2004 to which the applicant contributed more than 50%. He also presented the paper at the conference.

The other area of ongoing research is in the development of small launch vehicle technologies, particularly in liquid propulsion systems. This work is being conducted in the framework of the CAL VEl N program for which an initial California Competitive Space Grant was received in 2001 (#1, Table 1) and was followed by several Phase 1 Small Business Innovation Research (SBIR) contracts (#2 & 11, Table 1).

The latter work included identifying key technologies and areas of research for making small launch vehicles a viable option. These are aerospike rocket engine research, alternative hydrocarbons fuels, composite cryogenic tanks and composite ceramic thrust chambers. Except for composite cryogenic tanks for which research is being conducted at large aerospace corporations such as Northrop Grumman, research projects have been initiated in those areas with significant results already achieved in the area of aerospike engine research (#12 in Table 1). Also, the CALVEIN team has started conducting liquid-oxygen/propylene static fire tests using the data acquisition system obtained as part of the S04 Mini-Grant. These static fire tests represent the most advanced such tests conducted to date with those propellants and NASA has indicated interest for using them for deep space missions (Ref. 1 below).

This research work is documented in many publications. Selected papers are listed here:

1. J. Garvey and E. Besnard, "LOX-Propylene Propulsion testing for a Nanosat

Launch Vehicle," AIM Paper No. 05-4294, presented at the Joint Propulsion Conference (JPC), Tucson, AZ, July 2005

2. Schmitz, E. Besnard, and H. Hefazi, "Automated Hydrodynamic Shape Optimization using Neural Networks," Paper No. C6 (019), presented by Eric Besnard at the SNAME Maritime Technology Conference & Expo, Sept. 2004.

3. E. Besnard and J. Garvey, "Aerospike Engines for Nanosat and Small Launch Vehicles," AIM Paper No. 04-6005, presented at Space 2004, San Diego, CA, Sept. 2004.

4. E. Besnard and J. Garvey, "Development and Flight Testing of Liquid-Propellant Aerospike Engines," AIM Paper No. 04-3354, presented at the Joint Propulsion Conference, Fort Lauderdale, FL, July 2004. Awarded Best Paper in Liquid Propulsion, JPC 2005.

5. E. Besnard and J. Garvey, "Educating Tomorrow's Aerospace Engineers by Developing and Launching Liquid-Propelled Rockets," Paper No. IAC-02-P.1.05,


presented at the World Space Congress, Houston, Oct. 2002.

In addition to conference papers, Eric Besnard was also invited to present the on-going CALVEIN work at several seminars such as CalSpace at UCSD, JPL-sponsored conferences and workshops, the Air Force Research Lab at Edwards Air Force Base and Aerospace Technology Working Group meetings. He is currently preparing a journal article which will document recent work on Neural Networks for multi-disciplinary design/optimization applications.

MINI-GRANT BUDGET

Please answer all questions relating to a budget item. Failure to do so may result in no funding for that area. Assign a different priority to each category of resource. (1 = most important; 4 = least important). Indicate your priority for each item in the box and the

total dollar amount for that item on the line.

# 2  Student Assistance. Tasks:

· Integrate and test system 
· Hours: 40 hrs. at $12 per hour:




$480
.

#_N/A- Computer-assisted bibliographic searches through the University Library.

#  N/A -Travel.

#1  Equipment or Supplies and Services.

Be specific:

· Equipment from National Instrument (see www.ni.com for detailed pricing):

0 CompactRIO Controller and Accessories

0 High data rate sampling computer cards for cRio


0 Chassis for integration of system into the rocket

· Supplies: Describe: None

· Services: Describe: None

· Other: Describe: None

Total Dollar Amount for Equipment or Supplies and Services:

$3,520

TOTAL FOR ALL CATEGORIES:




$4,000

