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Advanced Research and Technology Support (ARTS)
Statement of Work
1. Scope
This contract shall enable the Glenn Research Center (GRC) to secure, sustain, and grow specialized research and development capabilities essential to its role in supporting NASA programs and GRC’s strategic action plan. The ARTS contractor shall provide support in conducting applied research in areas of GRC’s core competencies as well as enabling technologies. These include incorporating the necessary advances in research and technologies to provide a broader understanding of the effects of the environment of space; materials and structures for aerospace applications; engine systems technologies for aerospace vehicles; in-space power and propulsion systems; instrumentation, sensors, and controls for aeronautics and space systems; and technologies for safe and efficient aircraft operation in atmospheric icing conditions. The contractor shall provide research avenues that, by filling gaps in knowledge, will create the foundation upon which broadly applicable new technologies can be developed. Those technologies will be applied to systems being developed by various NASA Mission Directorates. 

NASA encourages academic involvement in many of its programs. As such, this contract shall enable the ability to contract and/or collaborate with university faculty and students.


2. Tasks
2.1. Management Tasks
Task Order Description: 
The contractor shall provide services necessary to lead, inspire, and manage the NASA Advanced Research and Technology Support (ARTS) contract and its on- and off-site personnel supporting GRC research projects.  These services shall assure the timely turnaround of task orders, ensure that capable and professional personnel are provided to accomplish tasks in a timely and efficient manner, provide accurate and on time monthly budgets and be responsive to NASA management.

Technical Approach: 
The Contractor shall be responsible for performing the activities required for effective management of the ARTS contract and task orders within the contract and managing a workforce with the skills needed to accomplish all of the tasks. The contractor shall develop and implement processes which shall provide the following specific activities/functions:

2.1.1		  Leadership – Core Management Team (CMT)

a. Provide a management team to support NASA research and technology with sufficient breadth of skill to effectively an efficiently manage the wide range of technical disciplines required under this contract.  

b. Provide support to enable GRC to more effectively explore the potential expansion of its role in space, Earth science and aeronautics. This includes identifying opportunities for submitting collaborative proposals to national and regional initiatives.  

c. Provide overall leadership in developing and maintaining a Core Management Team (CMT) which oversees the process to identify, evaluate, hire, and retain appropriate research personnel and/or subcontractors in response to specific task orders.  

d. Develop and maintain an effective task order review and response process.  

2.1.2   Workforce

a. Present a phase-in plan to provide the critical skills needed to ensure continuity of the existing research activities.  

b. Provide qualified personnel to effectively and efficiently execute all the contract task orders

c. Develop and maintain contractual and collaborative relationships with academia and the aerospace industry in order to quickly identify subject matter experts who could provide support to the contract task orders.  

d. In addition to full-time staff, develop a process that coordinates and hires academic personnel such as Summer Faculty Fellows, post-doctorate fellows, and students for temporary research opportunities.  

2.1.3 Task Management 

a. Manage and evaluate performance of research tasks in a broad range of disciplines; implement processes to ensure creativity, innovation and continuous improvement in the execution of tasks; establish performance standards; develop a process for conflict resolution between schedules, research priorities, and availability of personnel including subcontractors.  

b. Provide timely response to all task order requests from the government and implement all approved tasks consistent with agreed upon schedule, resources, and deliverables. 

c. Develop a communication mechanism which includes the contract management team, researchers, and subcontractors in order to meet task requirements and reduce contract risk. 

d. Communicate with NASA Contracting Officer (CO), Contracting Officer’s Technical Representative (COTR) and designated personnel to ensure effective management of the entire contract.  

2.1.4   NASA Requirements Addressed

a. Oversee the development and delivery of monthly NF 533 reports, WBS level 3, and quarterly NF 533 reports as shown in Attachment B. 
 
b. Oversee the development and delivery of a monthly financial report supplying supporting cost data at WBS level 4 (see Management task, appendix A). This report should include an analysis of cost variances with recommended resolutions.  

c. Provide a monthly technical report to the CO and COTR detailing the status of task orders, with emphasis on problems or concerns and recommended resolutions.  

d. Develop a process to assure a proper dissemination of intellectual property, developed under the Contract, in compliance with NASA regulations including filing forms NF1676b (reference section H.11) and C-22 (reference attachment E: Forms) and collecting appropriate signatures. Prior to publishing or presenting technical material outside of NASA, which is developed under this contract, the offeror must comply with NASA regulations.  

e. Develop a plan to monitor the compliance of employees with NASA safety requirements as indicated in individual tasks and safety permits. Note: All GRC safety requirements shall be adhered to during the performance of the research tasks, as defined in the “Glenn Research Center Safety Manual” (BMS Document # GLM-QS-1700.1 and at http://smad-ext.grc.nasa.gov/shed/pub/gsm/gsm-manual.pdf website).   Measurement equipment associated with the experimental work shall be maintained in calibration, based on procedures defined by NASA GRC GLPR 8730.6C “Control of Measuring and Test Equipment (MTE).”  

f. Coordinate Installation Accountable Property (see section J, Attachment C: Property), Government Furnished Equipment (GFE) (if any) and other contract requirements with the Government.  Develop a process to assure accountability of the Contractor’s personnel in safekeeping and maintaining of the GFE.

g. When identified in a technical task order, provide the oversight to ensure the applicable requirements of NPR 7120.5E “NASA Space Flight Program and Project Management Requirement” are followed. The link to NPR 7120.5E is available on the ARTS Website.
			
	
2.2. Research & Technology Tasks

This section outlines the key technical areas potentially addressed in future task orders. 


2.2.1.  Air-Breathing Propulsion
Tasks in this area of competency may include revolutionary concepts, technologies, and new systems aimed at significantly advancing air-breathing propulsion for aerospace vehicles that enable reduced energy consumption, use of alternative energy sources, reduced noise and emissions, increased versatility, improved safety of operations, faster modes of air transportation, and reduced costs for aerospace travel. Research and development areas critical to success include systems assessments; innovative engine cycles and advanced propulsion systems; component improvements; controls and dynamics; harsh environment sensors, electronics, instrumentation, health monitoring and management, materials, and structures; power extraction and management; icing; fuels and propellants; acoustics, fluid mechanics, and heat transfer; aerothermodynamics and plasmas, multidisciplinary design, optimization, modeling, and simulation; and testing and evaluation in a broad range of aeronautical conditions.

Research effort in this area includes but is not limited to the elements of Aeronautics Research and Mission Directorate listed below.

· Turbomachinery including study and development of analytical and numerical simulation methods to simulate flow fields in high performance fans and compressors, coupled inlet/fan configurations, steady and unsteady injection techniques, flow separation patterns, and other phenomena associated with fixed wing, rotary wing, high speed aircraft, and aeronautical sciences applications. 

· Engine Systems analyses which are concentrated mainly on analysis and simulation for advanced propulsion systems and integrated computational aero-science and multidisciplinary/multi-fidelity simulation methods and frameworks in support of fixed wing, rotary wing, high speed, and aeronautic science applications.

· Combustion Research including simulation and analysis of reacting multiphase flows; chemical kinetic mechanisms; turbulence-chemistry interactions; combustion instabilities; reformer and catalyst mechanisms for processing of aviation fuels; active combustion control mechanisms; alternative fuels; laser-based diagnostics; and experimental techniques for measurements in reacting flows.

· Acoustics including fundamental research on the physics of noise generation and mitigation, modeling and analysis of acoustic levels for aerospace applications with primary focus on civil aviation noise reduction, development of algorithms and models to predict turbomachinery broadband noise and the jet noise from non-axisymmetric nozzles. 

· Inlets and Nozzles including development of physics based models, numerical solutions, and validation data to define/predict basic flow properties (e.g., turbulence, transition, boundary layers, boundary-layer bleed, diffusion, jet mixing, separated flow, heat transfer, and surface cooling, etc.), to predict isolated and integrated component performance (e.g., inlet/fan interaction effects, external spillage, inlet stability, ejector operation, and augmentor operation, etc.), and to evaluate novel concepts for inlets, mixers, augmentors, ejectors, and nozzles for all flight regimes powered by rotor, turbojet, turbofan, or ramjet propulsion systems. 

· Icing Research to advance the technology for safe and efficient aircraft operation in atmospheric icing conditions through a better understanding of the micro-physical phenomena associated with the accretion and growth of ice, and the attendant aerodynamic effects, including but not limited to study of aerodynamics of ice contaminated aircraft, engine ice, flow separation, turbulence modeling, unsteady flow behavior over complex surfaces, transition physics, flow over rough surfaces, formation and growth of ice, as well as methods and techniques to understand, predict, and mitigate the adverse effects of ice on safety and performance of the aircraft.


2.2.2.    Materials and Structures for Extreme Environments
This competency includes the research, development, demonstration, and application of advanced materials, structures, and mechanisms to enable high-performance, long-life aerospace systems subjected to the extreme environments encountered in aircraft engines, space propulsion systems, planetary reentry, planetary surface operations, and long-duration space travel. Examples of extreme environments include the combination of high temperature and pressure, load, and complex gaseous atmospheres ranging from oxidizing to reducing; cryogenic temperatures; electrical and electromagnetic environments, including exposure to plasma; and space radiation. Research and development areas critical to success include the development of advanced materials based on in depth understanding of microstructure-property-performance relationships, new structural and robust mechanism concepts, development of physics-based and engineering computational tools and predictive capabilities, and testing and evaluation in a very broad range of extreme conditions.

The scope of research that may be reflected in the potential tasks includes material synthesis, microstructural characterization, and environmental and mechanical behavior of advanced materials, including metals, polymers, ceramics, coatings, and composites; constitutive and micromechanics model development and validation; understanding failure modes; development of multi-scale models for predicting structural response; structural optimization; life prediction; adaptive materials and structures; multifunctional materials and structures; structural dynamics; aeroelasticity; computational materials science, including computational thermodynamics; nanotechnology; joining of dissimilar materials; advanced seals for gas turbine engines, thermal protection systems, and exploration vehicles; advanced bearing technology; and extreme environment tribology.

The individual research areas under this core competency include but are not limited to the list below.

· High Temperature Metallic Materials research area includes development of high temperature shape memory alloys,  advanced nickel-base superalloys (and other alloys) and advanced coatings with improved material performance and high temperature capability; dissimilar joining technology; development of techniques to predict and measure thermodynamics and kinetics of chemical interaction and environmental degradation of high temperature materials in the laboratory and in simulated combustion or other material application environments); development of physics-based models and validation schemes for microstructures optimizing alloys and heat treatments to enhance fatigue durability, predict performance/degradation via microstructural characterization and tailoring, and reduce the environmental effects on the mechanical properties and/or chemical  degradation (e.g. corrosion).

· High Temperature Ceramic Materials includes development of such advanced processes as SiC fibers ceramic matrix and 3-D woven SiC/SiC composites, development of methodology,  techniques, and apparatus for joining, integration and repair of structural ceramics; development and characterization of functional ceramics based on material properties and/or use of nanomaterials; development of techniques to predict and measure thermodynamics and kinetics of chemical interaction and environmental degradation of high temperature materials in the laboratory and in simulated combustion or other material application environments); development of physics-based models and validation schemes for ceramics and ceramic matrix composites processing, microstructures, properties, performance and durability; understand, reduce and predict the environmental effects on the mechanical properties and/or chemical degradation in high temperature application environments, and development of innovative approaches to fabrication of ceramic membranes with engineered microstructures for high power density solid oxide fuel cells, electrolysis devices, regenerative power, oxygen generation and other devices.

· [bookmark: _GoBack]High Temperature Polymeric Materials involves development of new methods and techniques to synthesize, process, demonstrate, and characterize new polyimides (including novel approaches that employ nanostructured additives) for use at temperatures up to 600°, new silica and other metal oxide compositions that will lead to the development of new aerogel compositions, new functional polymer materials (such as materials that can self assemble and controlled-phase separation), development of polymers and polymer composites with enhanced properties and/or functionality, development of nanomaterials and their application, protective coatings and polymer and composite performance in subcomponents and components for space power applications, in heat sinks and as imbedded actuators.

· Advanced Energetic Materials suitable for prolonged “excess heat” production and processing techniques deal with developing an understanding of deuterium or hydrogen loading that create “excess heat” beyond that which can be explained by chemical means.  Research would provide insight into how to design materials of this class; processing techniques that would reliably produce materials; theoretical formulations elucidating the physical mechanisms explaining how the materials create excess heat. The desired outcome of this research would be materials that would intensify excess heat production; operate in net excess heat mode for extended period of times without loss of efficacy; if necessary, provide means to refresh or reactivate the materials for continued operation; and can be produced with processes that can scale to make significant material quantities necessary for NASA applications.

·    Mechanics and Life Prediction Methodologies cover the field of experimental mechanics and development of advanced techniques to characterize mechanical properties of a wide range of advanced materials such as nickel-base superalloys, polymers, ceramics, composites, coatings; development and validation of constitutive and life prediction modeling tools; multiscale (at nano to micro to macro to component level) modeling capabilities; and analytical techniques and computational tools for physics-based, multiscale design and analysis of structural components subjected to complex multiaxial thermo-mechanical loadings and extreme environments.
  
·    Structures and Dynamic Technologies deal with development and  validation, of computational tools to model various aerodynamic and aerostructural phenomena such as the aeroelastic vibration characteristics of turbomachinery components in aerospace propulsion systems, the flutter and forced response of a distortion tolerant fan (DTF) operating downstream of a boundary-layer ingesting inlet, and similar applications; modification of existing aero-elastic analysis codes and  validation of the codes in GRC facilities;  development of new actuators and actuation concepts using advanced high temperature shape memory alloys and high temperature piezoelectric materials; modeling, analysis and experimental verification related to impact mechanics and structural dynamics, blast wave, pyrotechnic and debris analysis, ballistic protection and energy-absorbing structures for various material systems and components; development, analysis, optimization, and validation of tools and experiments to design high power density generator/motor components including  thermal modeling of the electrical components as well as system modeling; development and demonstration of fast-running and robust multidisciplinary optimization algorithms and numerical tools, as well as tools for multi-point optimized designs for large problems and probabilistic analysis, for aerospace structures: and addressing other relevant technological issues.

·   Mechanical Components research covers development of new liquid lubricant additives
with anticorrosion and/or extreme pressure properties; new high temperature solid lubricant formulations, potentially including nanocarbon-based or composite formulations which are vacuum compatible; advanced passive and active bearing technology to withstand high loads in geared transmission systems, reduce gear noise transmission, and provide aerospace design and application guidelines for advanced foil thrust and radial bearings; advanced seal technology including non-contacting turbine engine seals for ultra-efficient engine operations, ultra-low leakage seals for long duration space missions, and high temperature structural thermal barriers and heat shield seals. 


2.2.3. Physical, Biological, and Biomedical Sciences and Technologies in Space
This competency includes the research, development, demonstration, and flight of advanced
physical, biological, and biomedical systems to enable sustainable exploration of space with enhanced safety, extended mission duration, and reduced deleterious effects of space. Space flight and ground based research are conducted to study the effects of the space environment to elucidate fundamental mechanisms, develop predictive frameworks and advanced technologies, and develop and implement countermeasures to mitigate any adverse effects. The research provides critical knowledge needed to design a wide range of reliable and efficient life support, fire safety, crew health monitoring and support, space resource utilization, thermal management, and other critical systems for NASA and commercial space faring customers. The space environment includes microgravity, reduced gravity, ionizing and non-ionizing radiation, alternative crew atmospheres, and combinations of these and other variables.

Efforts in this area include but are not limited to the following elements below.

· In-Space Experiment Development including conducting analytical and experimental studies on the effects of the space environment on selected processes and phenomena to validate models and provide insights for model refinement using GRC specialized facilities (e.g., GRC Reduced Gravity Facilities and GRC exercise simulators). Develop concepts for potential flight experiments and develop advanced concepts of technologies/systems or countermeasures that can mitigate the negative effects of the space environment on spacecraft or human system performance. These studies will characterize the effects of the space environment on the performance of spacecraft systems and the technologies needed for power, propulsion, fire safety, water / food supplies, and astronaut health.

Provide qualified personnel to serve as Project Scientists (PS) and assist NASA selected Principal Investigators (PIs) in the definition, development, and operations of their space flight experiments/investigations. The Project Scientists will be required to work effectively with the project team at NASA GRC which may include other contractors. They also will work closely with the PIs by assisting and guiding them through the complex space flight hardware development process. The PS serves as the PI’s representative in day-to-day interactions with the NASA project team as well as the representative at all NASA required reviews throughout all of the project stages ranging from Non-Advocate Peer Reviews through the System Acceptance Review.  The PS shall support NASA in monitoring the performance of NASA research grants and/or contracts to PIs at universities and contracts with industry.  This support shall include scientific and technical consultation and information about NASA-specific policies and procedures that guide the development of space flight experiments at NASA.

Provide qualified personnel to serve as PI or Co-Investigator (Co-I) for an assigned space flight experiment to develop and lead the science team. The PI/Co-I is typically recognized as a subject-matter expert in the field and is responsible for defining the science requirements, test matrix, analysis of experimental data, and publication of results. This is a research position engaged in professional scientific and engineering work which is systematic, critical, intensive investigation directed toward discovering, disseminating, and applying new or expanded knowledge in a professional discipline.

· Physical Science and Technology Development in microgravity and space environments to shed light on processes that are not easily studied in normal gravity, including, but not limited to, developing of new and/or modifying existing analytical, numerical, and experimental approaches to analyze and characterize the effects of reduced gravity on fluids and combustion processes. These processes and components are typically used in space exploration systems, space power, and propulsion.

· Biological Science and Technology Development addresses challenges associated with sustaining human life in the harsh environment of space including, but not limiting to, developing lumped, finite element, and fluid/structure interaction-based simulations of human physiology that predict acute and chronic adaptation to spaceflight conditions, conducting research in biological systems using quantitative tools and measuring/sensing technologies from physical/engineering systems to develop novel interdisciplinary models and methodologies to provide new insights into the functioning of biological systems.  Particular skillsets may be required in running commercial software packages which include Fluent, ADINA, COMSOL, and STAR-CCM+ to be specified in task order request.


2.2.4. Power, Energy Storage and Conversion

This competency includes the research, development, demonstration, and application of new technologies, subsystems, and systems for power generation; energy conversion and storage; and power management and distribution from concept to flight. It involves research, development, and the application of knowledge and capabilities to the design, development, test, and evaluation of concepts, materials, devices, environmental impact, components, subsystems, and systems for all aerospace vehicles. It also includes the application of knowledge and expertise to related terrestrial applications. Of particular focus are solar power
generation, batteries, fuel cells, regenerative fuel cells, flywheels, thermal energy conversion and heat rejection, radioisotopes, fission, power electronics, and power management and distribution components.

A set of technologies in this core competency area consists of the following:
 
· Power Technologies which involve modeling, characterization, development, and validation of photovoltaic cell devices for use in high altitude, space, lunar, and planetary environments to increase reliability, lifetime, and specific energy at a lower cost for photovoltaic cell components and arrays. 

· Energy Storage Technologies deal with batteries and fuel cell materials: electrochemical characterization of single cells and stacks; design and development of battery charge/discharge control methodologies; model, analyze, test, and validate electrochemical energy storage systems for increased performance, lifetime, safety, and reliability.

· Thermal Energy Conversion deals with modeling, analysis, performance evaluation, and validation of components, devices, and techniques for increased performance, endurance, heat transfer characteristics, and reliability in support of radioisotope and fission-based, solar, chemical, or other heat producing systems.

·  Space Power System Components research involves design, modeling and development of such components and systems for extreme environments and space applications as batteries, fuel cells, regenerative fuel cells, electrical controllers, power management and distribution systems, and magnetic and electronic devices as well as space power system component characterization and development of methods and techniques to mitigate impacts of space environments on power systems and components. Research may involve the development of space power systems incorporating advanced energetic materials loaded with either deuterium or hydrogen.  


2.2.5.		  In-Space Propulsion and Cryogenic Fluids Management

This competency includes the research, technology development, technology demonstration, and flight development of components, subsystems, and systems for spacecraft propulsion systems, propulsion stages, and cryogenic fluid flight systems to enable new mission capability; increased reliability, safety, and affordability; and reduced trip times. This involves the design, testing, and evaluation of in-space propulsion technologies and systems such as propellants, chemical propulsion, electric propulsion (ion, Hall, and plasma), nuclear propulsion, and other advanced concepts; reaction control; and orbital maneuvering. It also involves the knowledge,
capabilities, and practices associated with cryogenic fluid management, including cryogenic fluids handling, characterization, storage, delivery, demonstration, and flight packages. Research and development areas critical to success include the development of advanced technologies; integrated systems analysis; multidiscipline optimization; the development of
predictive tools; and the thermal, fluids, combustion, structures, controls, dynamics, systems safety, test, and evaluation disciplines for a broad range of in-space conditions.

Specific areas of interest include but are not limited to:

· Electric Propulsion thrusters, electric ion and Hall propulsion – analyze, model, system integrate, test, and validate power processing units, power electronics, and associated technologies for increased performance, reliability, and lifetime. 

· Chemical Propulsion Engine Systems to analyze, model, test, and validate ignition and combustion systems for improvement in performance, material durability, combustion stability, reliability, endurance, heat transfer characteristics, and thermal management.

· Cryogenic Technologies, to analyze, model, develop, test, and validate cryogenic propellant components, sensors, devices, and systems to improve performance, thermal management, heat transfer characteristics, reliability and endurance in long duration storage, transfer, and delivery systems for use in low gravity environments.


2.2.6. Communication Technology and Development

· Space Communications, Navigation, and Surveillance components and systems include research, development, demonstration, and infusion for advanced communications to enable order of magnitude increases in mission data transfer and continuous, cost-effective, and secure high-data-rate communications. It involves knowledge and practices associated with researching and developing space communications architectures, components, subsystems, systems, and networks to meet mission and system requirements. It involves method development for improving communications and navigation among satellites, flight craft, spacecraft, astronauts, robots, and ground systems. Of particular focus are the development of advanced antennas, integrated radiofrequency and optical terminals, software-defined radios, high-power amplifiers, and networking for high-data-rate communications; and expertise in space flight communications, systems analysis and engineering, and test and evaluation to enable technology infusion.

· Ground-Based Communications, Navigation, and Surveillance components and systems include research and development of technology for improving air traffic management, communications and navigation among flight craft and ground systems. It involves knowledge and practices associated with researching and developing air communications architectures, components, subsystems, systems, and networks to meet mission and system requirements. Of particular focus are the development of software-defined radios, systems analysis and engineering, and test and evaluation to enable technology infusion.


2.2.7. Instrumentation and Controls

This category covers a broad range of enabling technologies that support the Center’s core competencies, specifically; this category includes research and technology development in the fields of advanced instrumentation and control technologies for applications in current and future advanced aeronautics and space systems.  Research in these technologies continues to result in the creation of innovative concepts, aerospace systems with reduced size and weight, increased functionality and intelligence, and proof-of-concept studies to assess the impact of the new technology on various components and systems for aeronautics and space systems’ needs of the NASA mission programs. 
Specific Areas of Interest include but are not limited to:

· Sensors for Harsh Environments cover development of unique hardware for sensor operation in high temperature environments for both the aeronautics and space missions including emission and leak sensors, chemical and physical sensors, thin film sensors, accelerometers, actuators, and smart, intelligent sensor microsystems; research and development of processes and equipment necessary for growth of low-defect silicon carbide (SiC) single crystals and development of high temperature single crystal semiconductor materials including SiC Large Tapered Crystal (LTC) growth technology; development of state-of-the-art high temperature device packaging technologies that will be utilized to facilitate high temperature testing and applications of the of NASA SiC electronic devices.

· Optical Instrumentation involves development of novel optical techniques and apparatus to conduct fundamental studies of aerodynamic flows associated with subsonic fixed wing and rotary as will high speed aircraft; performance evaluation of aircraft components and systems in various flight regimes using the GRC facilities; conducting  remote and in-situ optical and fiber optic measurements of flow and material properties; conducting  measurements in harsh aircraft and spacecraft environments in the presence of plasma and electromagnetic fields; development of advanced optical and fiber-optic systems for in-flight control and health monitoring of aerospace vehicles; and performing fundamental research and technology and instrumentation development for study and mitigation of ice formation on aircraft engines using the GRC facilities.

·  Nondestructive Evaluation (NDE)  deals with various methods and techniques for evaluation of mechanical integrity of materials and structures used on aerospace vehicles through development and application of analytical tools, computational models, experimental apparatus and verification techniques; advanced NDE techniques to assess materials and structures made of metals, polymers, ceramics, and matrix composites; inspection and evaluation of thermal barrier coatings by developing and applying such advanced tools as, for instance, thermography, reflectance, and luminescent approaches; development and implementation of advanced instrumentation techniques such as guided wave ultrasonic scanning, mid IR imaging, impedance data acquisition, and scanning ultrasonic spectroscopy.

· Advanced Controls  & Dynamics Technology includes research, development and demonstration of advanced control concepts and dynamic modeling that enhance performance, safety, environmental compatibility, reliability and durability of aerospace propulsion systems including fault diagnostics, health management, active combustion control, active stall control, turbomachinery system stability management, intelligent engine control, inlet control, integrated flight/propulsion control, nonlinear and robust multivariable control synthesis techniques, and life extending control; dynamic modeling of advanced turbomachinery concepts and components, and cross-disciplinary research between controls and computational fluid dynamics (CFD).
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