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Pushing the Boundaries of Machinery Prognostics

Motivation

Comprehensive health monitoring systems are fielsledome Navy aircraft, including the rotorcraft
Health and Usage Monitoring Systems (HUMS) on asetibf the Navy's H-60 and H-53 inventory.
Due to the early successes and benefits showndse teystems, installation of HUMS on additional
rotorcraft is planned, and new platforms such & 8l have even more comprehensive Prognostic
Health Monitoring (PHM) capabilities. These systemenerate enormous amounts of data on
component and subsystem operation and health.

Sentient Corporation investigated the needs of tamers and data analysts who actually utilize the
existing health monitoring systems. The key ista emerged was that the volume of data produced
by these systems is now greater than the capalcthediuman analysts to review it. There are dlyea
examples of component failures that have occurrbdrevthe aircraft sensors detected the problem
beforehand, but due to the analysis backlog, tite ctzuld not be reviewed before the componentdaile
Clearly, as the number of aircraft equipped with M®& and PHM continues to increase, there is a
critical need to automate analysis of this data.

The vast quantities of aircraft health data thatachived after flight represent a potential goide of
information about the fleet. Unfortunately, onlgnlted use is currently made of this data, with gsial
being conducted by human analysts. Data miningn@olgies that can automatically scan this data and
extract information on system performance, emerdgnegds, bad actors, etc., would be extremely
valuable to the any _
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human intervention. A proof- | . mo . s
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developed that consists of a| .8 e e
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reasoning engine that
processes aircraft flight data
and a graphical user interface
(GUI) program that assists . @
maintainers  in  quickly -
determining the condition of the aircraft and recoemding the maintenance actions needed. The
reasoning engine incorporates a number of uniqgerithms, including advanced vibration signal

processing, extraction of meta-features that reiveatls and anomalous behavior, model-based
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remaining life predictions, and an extensible fuzzy
expert system that generates diagnostic conclusions
and recommended actions.

The AutoReasoner (1) provides more effective
automated analysis at the point of maintenance,
greatly reducing the need for a human to analyee th
data, (2) automatically identifies truly unusual
situations where a human expert should look at the
data, and (3) provides powerful data analysis ttmls
speed up the job of the human experts. It provades
flexible, extensible architecture and tools to mine
maintenance and operational data to validate and
mature the automated reasoner logic as experisnce i
accumulated. The AutoReasoner also provides a
simple user interface that provides key functidgali

at the point of maintenance, to maximize the apilit
of front-line maintenance personnel to quickly retu
aircraft to mission-capable status without the
intervention of data analysis expert.

The AutoReasoner architecture is made up of skweraponent applications which access a set of
databases, as shown in the figure below. The Reapdingine runs behind the scenes to scan the
aircraft data, automatically compute the stateedltn of that aircraft as new data is downloadednfr
memory cards, and then save both the output andettsoning logic to a separate reasoner database.

The Reasoning Engine also saves the
history of reasoner activity, which
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Implementation of automated
reasoner technology for maintenanct Dgtgl';"aie
in the commercial and military
aircraft  sectors can provide
significant benefits. The
AutoReasoner is reconfigurable anc

Engine Miner Additional

Resources
oo

DAT

extensible, allowing for great Maintenance
T . . ules
flexibility  between  applications, Editor Interface Database

while still providing a solid capability
to automate the diagnosis of critical
subsystems.

Sentient AutoReasoner Scope

Contact Sentient Corporation for more informationtbe AutoReasoner and a discussion about how
this technology can improve your maintenance cdipabi

850 Energy Drive
Suite 307, Room 428
Idaho Falls, ID 83401

208-522-8560
info@sentientscience.com
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