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Abstract

As an aircraft engine deteriorates with usage, there is noticeable change from the throttle setting to the thrust response.  In a workshop sponsored by NASA to identify technology development needs for reducing pilot workload and increasing autonomy with respect to operation of aircraft engines, various pilots stated that the asymmetric thrust, caused by this deteriorated engine response, causes additional workload for them in having to make adjustments to individual throttles in a multi-engine aircraft.  The pilots' preference will be to move the multiple throttles together and have symmetric thrust response so that individual throttle adjustments are not required during any part of the flight operation. Since thrust is not measurable, typical engine control consists of tracking a fan speed command based on a throttle setting.

The fan speed command setting is determined based on the fan speed to thrust relationship for a "nominal" engine model.  For different engines of the same type, due to manufacturing tolerances and due to difference in usage, the fan speed to thrust relationship differs from the "nominal" and changes over time due to deterioration of engine components with usage.  For a multi-engine aircraft, this difference in fan speed to thrust relationship results in variations in throttle to thrust response for different engines.

One approach to addressing this issue and providing consistent throttle to thrust response for multiple-engines that is currently being investigated is to change the overall control architecture to a model-based control.  However, such a change is expected to take a long time to reach a high enough level of technical maturity to be able to meet the stringent certification requirements for safe operation of aircraft engines.  Typical engine control is implemented on a FADEC (Full Authority Digital Engine Control) which has both throughput and processing limits to make full model-based control implementation very challenging.  Additionally, to guarantee safe operation of the engine over a wide operating envelope and under varying atmospheric conditions, and to enable an economically viable on-wing life, various limits are placed on the operation of the engine which are accounted for through the control logic in the FADEC.  For these reasons, it is imperative to find a solution to the consistent throttle to thrust requirement which can be implemented within existing FADEC capabilities and will require minimal changes in the existing control implementations for operational safety.

The engine performance deterioration mitigation control (EPDMC) currently being developed at NASA GRC presents such a retrofit approach.

The main elements of EPDMC Outer Loop control are: i) A thrust estimator which provides an accurate estimate of the engine thrust based on available sensor measurements and actuator commands; ii) Thrust demand logic which estimates the thrust that a "nominal" engine will generate for a given throttle setting; and iii) a PI (Proportional plus Integral) control which provides an incremental fan speed command to the FADEC to compensate for the difference between estimated thrust and thrust demand.  This presentation describes the development of various elements of the architecture and implementation on a engine simulation representative of a modern high by-pass commercial turbofan engine.

Results are presented from both steady state and transient evaluations and also some preliminary fixed base piloted simulations.

ScanEagle Overview,

Carol Wilke
Boeing
The combat-proven ScanEagle Unmanned Aircraft System (UAS) is currently delivering high-quality, persistent intelligence, surveillance, and reconnaissance (ISR) support for naval and land forces.  The ScanEagle has a proven record of support to the U.S. Navy and Marine Corps delivering more than 31,000 flight hours of combat intelligence, surveillance and reconnaissance (ISR) in only 30 months of deployment to Iraq and with the Navy. This ISR support has enhanced tactical level decision making and improved ground force maneuvers.

The ScanEagle UAS is a product of a teaming arrangement between The Insitu Group of Bingen, Washington and The Boeing Company. This unique teaming arrangement combines the speed and flexibility of a smaller company with the expertise and world wide logistical support of a major aerospace company and brings these joint capabilities to bear on any challenges or problems that arise.

The ScanEagle is uniquely able to support operations to austere environments, as well as ships underway, and does not require a runway for launch or recovery or a complex infrastructure for ISR data collection, processing, or dissemination ensuring the smallest footprint possible.

Multi-Agent Collaborative Flight Experiment,
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In August of 2006 a multi UAV flight test was performed at Camp Roberts, CA.

as part of ONR's Intelligent Autonomy program. This talk will discuss the background, goals and results of these tests. The two main goals were to achieve distributed collaboration with limited communications and to  accomplish vision based detection and following of an irregular waterway.

