Reliability of  NASA Langley Research Center Macro-Fiber Composite( (LaRC-MFC() Actuator Assemblies

Nature of work:
 X   New Proposal


      Continuing NEPP Work


Total $ Requested for FY02:
$ 100K

Civil  Service Portion $ 70K Not included to the left
Technology Type:
     Newly Available (COTS)

 X  Emerging/Advanced 
Project Area:
       Parts

 X    Packaging

       Radiation 


Proposing Center: 
Langley Research Center


Participating Centers: 
Langley Research Center ; Dryden Flight Research Center FILLIN "Enter the centers which will be participating in this effort" \* MERGEFORMAT 
(Estimated Center Participation, %$):

	 
	GSFC
	
	GRC
	100%
	LaRC
	 
	JPL

	
	MSFC
	
	JSC
	 
	DFRC
	
	other


Collaborators:
AFRL, Boeing, Canadian and Australian Government Labs

Point of Contact:
J. Otis Riggins
(757) 864-3807
j.o.riggins@larc.nasa.gov
Investigators:
Dr. Qamar Shams
(757) 864-8156
q.a.shams@larc.nasa.gov

j.bockman@larc.nasa.gov

James F. Bockman
(757)864-9339

Objectives:
To extend the evaluation of reliability of the NASA Langley Research Center Macro-Fiber Composite( actuator (LaRC-MFC()

Task Description: 
This effort will focus on extending the investigation and evaluation of the NASA Langley Research Center Macro-Fiber Composite( actuators by partnering with existing project work and increasing the test parameter ranges beyond the requirements of the project; so that the information may be of use to future projects with differing requirements.

Task Approach to Meeting NEPP Objectives:


This study will assess the reliability factors of NASA Langley Research Center Macro-Fiber Composite actuators (LaRC-MFC(). Key concerns for reliability are humidity effects, delamination over time and as a function of flexure. One additional major concern regarding the packaging of these devices is the effect of temperature on the epoxy used to form the lead attachments. The approach for this effort will be to leverage testing already planned for an F-18 flight test program using this technology by extending the test ranges to be more appropriate for use in not only aeronautics but space applications. The information will be disseminated to the NASA community by direct sharing of the results with NASA programs, by posting results on the LaRC NEPP web page, and by presentation at appropriate conferences, such as the Annual Microelectronics Reliability and Qualification Workshop.
Technical Background:
LaRC-MFC( actuators are piezo-electric devices,  are a core enabler to control vibrations in twin tail fighter aircraft, control vibrations in extremely large smart inflatable space structures, next generation space telescopes, and helicopter surface vibration dampening applications.


The LaRC-MFC( not only won a year 2000 R&D 100 Award; it also won one of three Editors Choice Awards http://www.rdmag.com/scripts/awards.asp 
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Baseline MFC( actuator electrode pattern


The actuator uses interdigitated electrodes for poling and subsequent actuation of an internal layer of machined piezoceramic fibers. The fiber sheets are formed from monolithic piezoceramic wafers and conventional computer controlled wafer-dicing methods. The fabrication and use of fiber sheets allows precise handling and alignment of piezoceramic fibers during subsequent phases of actuator assembly. Tests show that the actuator is capable of producing large, directional, in-plane strains on order of 2000 parts-per-million under a 4000 V peak-to-peak applied voltage cycle. Preliminary endurance testing indicates that the device is relatively durable, with no reductions in free-strain performance up to 90 million electrical cycles.

The LaRC-MFC( is a recently developed device intended to mitigate many of the disadvantages associated with traditional piezocomposites. The LaRC-MFC( retains the most advantageous features of active fiber composite actuators, namely, high strain energy density, directional actuation, conformability and durability, yet incorporates several new features, chief among these being the use of low-cost fabrication processes that are uniform and repeatable [1]. 


Factors to consider when measuring actuator performance include; strain per volt, strain as a function of frequency, life cycle performance, electromechanical efficiency, and environmental durability.

[1] Wilkie, W. K., et al, NASA Invention Disclosure LAR 15816-1, 1998
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Completed Langley Macro-Fiber CompositeTM actuator.  (Dimensions of active region are 3.375 by 2.25 by 0.009 inches.)

Technical Approach:
LaRC-MFC( devices fabricated at LaRC and by commercial sources will be evaluated. The evaluation will be of environmental durability (temperature cycling, humidity, etc.) will be conducted. This proposal will fund the extension of the test ranges beyond that of existing project test needs and the generation of reports on the results of these tests. 

NASA Customers:

MFCTM actuators are already being used in several advanced aerospace applications to control structural vibration [2]. 
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 Smart inflatable-rigidizable strut folded (left); deployed (right).
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Smart inflatable strut active damping test.

Currently, NASA is evaluating several approaches for using MFCTM actuators to control vibrations in extremely large, very lightweight, deployable spacecraft structures. These large structures will be constructed using inflatable, rigidizable composite struts containing embedded MFCTM actuators. Prior to launch, each strut, including its embedded MFCTM actuators, is folded into a compact package. This allows very large satellite frameworks to fit inside standard launch vehicle payload bays. Once in orbit, the strut elements are inflated and cured by electrical heating. The internal MFCTM actuators are subsequently used for eliminating vibrations and unwanted distortions in the deployed structure.


In a proof-of-concept study, four MFCTM actuators were embedded in a one-meter long inflated and rigidized composite strut test article. 

[image: image5.wmf]
1/6th scale LaRC-MFC( buffet load alleviation wind tunnel model


 A factor of 20 increase in the vibration damping capability of the strut was demonstrated in dynamics tests performed at NASA-Langley, using a single opposing pair of MFCTM actuators, low control voltages and analog feedback.


MFCTM actuators are also being studied as a potential means for reducing buffeting loads on twin-tail fighter aircraft flying at high angles-of-attack. As part of this effort, a 1/6th scale active vertical tail model containing embedded LaRC-MFCTM actuators was built at NASA-Langley. Ten MFCTM actuators, five on each side of the tail, are embedded beneath the fiberglass shell of the model. In flight, the MFCTM actuators will be activated to counteract the bending and torsional stresses induced by the buffeting loads. All embedded actuators have functioned perfectly in ground tests conducted to date. Open and closed loop buffet alleviation wind tunnel tests using the MFCTM tail model in the Langley Transonic Dynamics Tunnel showed buffeting reductions of over 80%. Buffet load alleviation flight testing using an F-18 fighter will be conducted at NASA Dryden FRC in FY03.


[2] Wilkie, W. K., et al, “Low-Cost Piezocomposite Actuator for Structural Control Applications”, Proceedings, SPIE’s 7th International Symposium on Smart Structures and Materials, Newport Beach, CA, March 5-9, 2000.


Contacts: 


Active Inflatable Structures & Smart Spacecraft Structures   
Richard G. Helms;  JPL (818)354-6507


F-18 Twin Tail Buffeting
Dr. Robert Moses (757) 864-7033 r.w.moses@larc.nasa.gov


Clearly Stated Deliverables: 


· Test Report on Study of environmental durability
· Final report of actuator durability and guidelines for use in flight applications

Top Level Schedule:


Q1/02 – Q4/02: Evaluate environmental durability

Q4/02 – Q1/03: Final Test Report on environmental durability

List of Procurements: 
None

Manpower Loading:
Average Heads (FTEs)

	
	Q1
	Q2
	Q3
	Q4

	NASA
	0.09
	0.09
	0.09
	0.09

	Contractor 
	0.50
	0.50
	0.50
	0.50


Leveraging:

Twin Tail Buffeting AVSTPO OD

· Collaborative effort between NASA, AFRL, Canada, and Australia under TTCP (DOD)
Task Duration:

	
	FY02

	Task  $K
	100

	Procurements
	85


	Title:
	Packaging and Reliability Assessment of Electronic Noses 

	
	  New Proposal

( Continuing NEPP Work

	Total $ Requirement for FY02:
	$ 170K

	Technology Type:
	( Newly Available (COTS)

( Emerging/Advanced

	
	

	Project Area:
	(Parts

( Packaging 

( Radiation

	Proposing Center:
	Jet Propulsion Laboratory

	Participating Centers:
	 82% JPL

18% KSC       

	Points of Contact:
	Dr. Rajeshuni Ramesham                               Dr. Margaret A. Ryan                 

Tel.: 1 818 354 7190 Fax: 1 818 393 4382    Tel.: 1 818 354 8028 Fax: 1 818 3393 4272

e-mail: Rajeshuni.Ramesham@jpl.nasa.gov e-mail: margaret.a.ryan@jpl.nasa.gov
Dr. John Graf, Tel: 281-483-9226; john.c.graf1@jsc.nasa.gov (JSC, TX), Ms. Rebecca Young (KSC, FL) 321 867 8765, rebecca.young@ksc.nasa.gov

	Investigators:
	Dr. Rajeshuni Ramesham (AEG/QA, SMAD, JPL, CA), Dr. Margaret A. Ryan (MDL, JPL, CA), Dr. John Graf, Life Sciences Support Branch (JSC, TX) and Ms. Rebecca Young (KSC, FL), Ms. Rebecca Young, Instrumentation Branch (KSC, FL).

	Objectives:
	· Assess reliability of packaged JPL and commercially available electronic noses (sensors, electronics, and analysis software) to determine their utility as an air quality and event monitor to ensure safety for crew, equipment, and flight hardware. 

· Assess and validate the sensing medium and sensing layers in various electronic noses

· Identify the miniaturized sensors that are capable of detecting and identifying a broad suite of organic, inorganic compounds and humidity changes

· Characterize quality and reliability of assemblies exposed to environmental test

· Establish damage process and failure of e-nose

· Determine unique electrical characteristic change with environmental storage and cycling as a tool in detecting early failure mechanisms. 

· Ultimate objective is to integrate reliable all environmental monitoring and control systems

· Provide training course, guidelines document, and technical papers in NASA EEE Links, industry-wide conferences and trade magazines

· Detection of hydrazine by electronic noses, incipient electrical fires, monitoring a range of crew habitat air contaminants.

	NASA Customers:
	NASA Code UL and Aerospace Technology Enterprise (Code R). Present customers: Dr. Darrell L. Jan (202 358 2365, Office 828,180-604), International Space Station, X-2000, HEDS, Mars Exploration Programs, etc.  Dr. Edmund Baroth (818 354 8339), Manager of Advanced Space Transportation Office, Integrated Vehicle Health Management (IVHM) for immediate applications in 2nd and 3rd Generation Space Vehicles. Dr. Minoo Dastoor, Chief Technologist (1 202 358 4518), Advanced Environmental Monitoring, NASA HQ (Code M, U, and R); Dr. Carol J. Russo and Dr. Arun Sehra (Director and Deputy Director of Aeronautics, respectively, GRC, 1 216 433 2965, Code R), Dr. Michael Lewis, Program Manager (1 757 864 9100) and Dr. George Finelli (1 757 864 6188) (Aviation Safety Program, LaRC (Code R).

	Deliverables:
	· Report on test matrix design of experiments for different electronic noses

· Report on inspection criteria and quantifiable assembly data for acceptable electronic noses

· Report on electrical characteristics and values that could be used as early failure detection

· Quality Assurance and Reliability guidelines

· Develop the procedure/protocol for the flight experiment/shuttle crew

· Training course and technical papers in NASA EEE Links, industry-wide conferences and trade magazines 


Deliverable: The PI has already conducted an international conference on “Electronic Nose Technologies, Advances in Engineering, Integrating and Commercializing Novel Sensor Technologies” Sponsored by the Knowledge Foundation (October 26 and 27, 2000, San Diego, CA). The proceeding of the conference has been released by Knowledge Foundation during the conference. (Website: www.knowledgefoundation.com)

Schedule:

Establish collaboration within JPL, JSC, KSC and Industry

Quarter 1, 2001

International conference on electronic nose technologies


Quarter 1, 2001

Search for current electronic noses




Quarter 2, 2001

Performance* testing of one electronic nose



Quarter 2 of 2001

Detection of hydrazine and incipient electrical fires 


Quarter 2-4, 2001

Design test matrix






Quarter 3,4, 2001

Assemble test vehicles with various electronic noses


Quarter 1, 2002

Develop/optimize processes for electronic noses



Quarter 2, 2002

Comprehensive testing of one electronic nose



Quarter 2 of 2002

Perform environmental testing





Quarter 3, 2002

Develop inspection methodologies




Quarter 4, 2002

Characterize failure modes or mechanisms



Quarter 1, 2003

Validation of electronic noses





Quarter 2, 2003

Testing of two electronic noses





Quarter 2 and 3 of 2003

Reliability and packaging evaluation of electronic noses


Quarter 3, 2003

Guidelines on the electronic nose selection and operation

Quarter 4, 2003

Quarterly reports, technical papers, and technology infusion

Quarter 1, 2001 to Quarter 4, 2003

* Performance test: sensitivity, repeatability, linearity, drift, temperature and humidity effects

List of Procurements:

Design and Packaging of electronic noses

Assembly of electronic noses

Inspection and failure characterization 

Electrical characterization of electronic noses

Sensing medium and sensing layers

Borrow electronic noses for testing with some agreement from various industries

Consumables: Solvents, gases for testing (8k/year)

Analytical chemistry ((5k/year)

Workforce and Procurement Loading FY02:


	
	Q1
	Q2
	Q3
	Q4

	JPL 
	35K
	35K
	35K
	35K

	 KSC
	7.5K
	7.5K
	7.5K
	7.5K


	Task Approach to meeting NEPP Objectives
	Successful development of an electronic nose requires development of an array of sensors, which are specific to the compounds of interest. The sensing medium in the e-nose developed at JPL is insulating polymer films made conductive by dispersion of carbon particles in the film. These films respond to a change in air composition with a change in resistance. The resistance change in the array is characteristic of the compound causing it. Electrical, mechanical and thermal test methods will be used to characterize key reliability properties of these sensing media. Environmental characterization as well as establishment of electrical behavior will be used to define electrical threshold and/or change in baseline resistance as early failure detection tool and bound critical process parameters such as temperature, humidity, pressure, aging of sensors, and sensors saturation. It will also provide standards/inspection criteria guidelines for the optimum process condition for best reliability performance. This task will support the Electronic Nose: New Technology Infusion Paths funded under Advanced Environmental Monitoring and Control Space Station. It will disseminate guidelines document and will use knowledge and experience gained to effectively support the projects in these areas. This task meets the NEPP Objectives specified as category I, II, III, and IV.

	Leveraging
	The proposed effort in this proposal will leverage the effort that is on going in JPL and that is funded by Code UL. Dr. Margaret A. Ryan’s group had performed an experiment on STS-95 (funded under Advanced Environmental Monitoring and Control for Space Station, Figures 1 and 2, Code: UL, Program Manager: Dr. Darrell L. Jan). 

JPL/Dr. Rajeshuni Ramesham: Provide overall project direction and data analysis, preparation of guidelines, Temperature cycling, vibration, etc.

JPL/Dr. Margaret A. Ryan: Define test vehicle, characterization, and electrical failure detection development based on storage and environmental test, EMI-RFI, Heater analysis, safety analysis, etc. Assessment of second-generation e-nose for Code UL that will have an interest for Aerospace Technology Enterprise (Code R).

JSC/Dr. John Graf: Dr. Graf will coordinate activities within JSC to meet the objectives of the program, and flight-testing and validation.

KSC/Ms.Rebecca Young: Detection of hydrazine and other compounds of interest and incipient electrical fires. 

The partnership with KSC and JSC will best utilize the design and fabrication capabilities of JPL and the test/evaluation capabilities at KSC and JSC.

	Description and Technical Approach
	This task will characterizes key properties of various electronic noses including electrical, chemical, mechanical and thermal test methods. The technical approach includes procuring electronics noses, testing for their performance and assessing their  reliability in terms of electronics and packaging with respect to vibration, temperatures and humidity stresses and finally, document the test results. Electronic fabrication for data acquisition and electronic control has been built using surface mount technology and components that were assembled using standard 4-layer FR4 printed wiring boards for STS-95 mission. The four sensor alumina substrates accommodated the polymers on one side and a unique resistor pattern on the back. These resistors were used to heat the substrates. Electrical connection to the substrates was through a small edge connector.  Also, electrical characteristic changes such as resistances will be monitored and correlated to damage progress in order to establish early failure by nondestructive technique. In addition based on results of failure analysis by non-destructive evaluation (NDE) and destructive physical analyses, defect correlation and reliability will be established for this category of electronic nose, sensing medium, sensing layer, electronic packaging, integration of e-nose and electronics, and computer. These results will be used to define electrical threshold as early failure detection and bound critical process parameters and to provide standards/inspection criteria guidelines for the optimum process condition for best reliability performance of the electronic nose. This task will provide guidelines document and also will use the knowledge and experience gained to effectively support the NASA projects (code UL, R, M, and U etc.) in electronic nose applications. 


Task Duration:

	
	FY00
	FY01
	FY02
	FY03

	Task  $
	N/A
	170
	170
	200

	Procurements
	
	30
	30
	10



Figure 1: Sketch of the ceramic substrate chip containing eight sensors

Figure 2: Diagram of an electronic-nose system
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