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How Maintenance Was Done —
<NNB An Engine Example
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How Engine Works How Maintenance Works

hoto Courtesy iStockPhoto.
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How Maintenance Technology
<snANI Has Evolved
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Maintenance Evolution

Trend-based analysis,

Periodic/routine reliability analysis and
Inspections & improvement, logistics
monitoring integration

Predictive Condit_ign-based &
Reliability-centered

Reactive

\

. : Analysis of failure Evidence of
Repair or fix modes and root Need
when problems causes, fault
appear prediction
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Health Management Goes
NN Beyond Maintenance
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Integration of monitoring, maintenance, supply chain, and
operations is the key to maximizing asset availability and
logistics efficiency = System/Vehicle Health Management

Equipment Control & Off-board Maintenance Maint.
or Asset On-board )| Health Decision Work
Monitoring Management Support Control
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Two Generations of Health
<NNB Management Capabilities
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1st Generation — 2"d Generation — Failure

Fault Detection Prediction & Accommodation

Data
Validation

1st Generation

Data Analysis
& Modeling

Fault
Detection

L L
Fault/Failure |
Detection
" I
FaultFailure |
Isolation

Fault
Isolation

Failure
Prediction

Alerts/ Alarms

Prognostics <
Life/Readiness
Assessment

Operations Planning &
Maintenance Planning
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Decomposing Health
<NNE Management Capabilities
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« An aircraft engine example
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Jaw, 2005 ASME World Congress Operating Data & Knowledge
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Engine Gas Path Monitoring
<NNB Algorithm Landscape
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High Linear Model | | Fuzzy Logic
l Neural Network l Expert System
| Y S ——— 4 L]
ol Medium Kalman Filter | Hidden Markov Model |
N | Hybrid | Nonlinear Est.
______________ S
Low Bayesian Th. : :
| Parameter Est. | Genetic Algor.
Low Medium High
Complexﬂv Y. G. Li, 2002
L. Jaw, 2005
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Two Perspectives of
—N a1 Health Management
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e System integrators
— Integrated system fault isolation
— Avallability & readiness

System/Platform Reasoners -

A
— T~
Area Reasoners -
A
— —— —~ — ™~ — — ™~
A Ay A A A _Ay A A Ay

LRUs

« Component/LRU suppliers
— Diagnostics
— Prognostics
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Health Management Starts with
<NNE Data Analysis & Trending
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Engine Trend

. Reducing data scatter or
s e Il jx‘___ﬁi‘%'af T § il
Ehoing,t o 3BT ss-gg‘ variability is the key to
Jhe et o i °*“$m~wmsa ey ﬁ : y 4

................... . i diagnostic success!
.r’E-‘. | .Mﬂ .aﬂ.‘f_
L cufwﬁ | ]
| '______;__________ _______________ Enﬂim Trend
HHHL EHE“EHHE‘ ma
i 4%&%%#1’! WF@%&W i&_ 35%@
‘Outliers’ — with g,: A I
- \valid reasons for -
variation E’: Weﬁd |
valid alarms > HHHHHHHH
— mixed Inwith HIIHHHUIHIHUIL

outliers
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Health Management Ends with
<nng Falure/life Prediction & Logistics
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Frecursor
{Potential Failure)

Capability

 Accurate prediction of
failures or in-flight events

e Accurate estimate of
time-to-failure and

T
¢

Prognostic Region

Fault
(Alarm Threshold)

Functional
Failure

remaining life

* Recommendations for |
maintenance/logistics and | TTF

operations

* Prognostic capabilities:

— Today - “macroscopic”
prediction

— Future - “microscopic
prediction

!!E!!MHHEsssmMﬂ““Q“MMQMMEEEEEEEEEES’ﬂii?iu
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Discerning Noise, Precursor,
NN and Anomaly
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* Noise is “global” but precursor is “local”

e Precursor can be:
— True detectable sign of early stage of a failure
— Anomaly

* We can solve this problem by defining “anomaly” as an
unknown (or intermittent) abnormal condition

MHormal Abnormal

A A
's A\

Modeled = Known

-
-

Uinmaodelad

Anomalies = Unknown

-
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Unified Framework to Represent
<nng Dlagnostic & Prognostic Problems
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« Diagnostics: | treshold

__---~""| threshold
o) = y(O)+ Vi) £ 7 ]
T

» Prognostics 2(t+Ty )= ylt+T, )+V(t+th)@

(t + ) @ T, = Time Delay or Prognostic Horizon
v

Degradation © .-~
Jaw, 2006 ASME World Congress

State Variable

 The problem — threshold exceedance and state variable
estimation
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SMI's Hybrid & Scalable

<NNB Modeling Approach
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Level of

a-priori
knowledge ‘
Model Fidelity required
T Prognostics

Full Physical Models (FPM)
Diagnostics

-

Anomaly
Detection

4

Mo:deling complexity required

——q———————

Physics-based
features

/ Model Complexity

Data-driven

features
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Health Management Needs A
<NNB Flexible Software Architecture

. Trending 1 —ﬂ ﬁ
o Alerting | -premreperim: | esantsreie
/ . Watchlist ~—

Sensor &
Aircraft
Data
Interfaces

Maintenance
Control
Software

7/
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Ailr Force Information
<NNB Technology Vision
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e Air Force Vision: COP
(Common Operational

PiCtU I'E) No Transition
_ _ Peace to War
— Slnqle access point to s
horizontally and Toskings Ops / Log

Planning

vertically integrated

data across the | -
enterprise S i =

. . - o-

— Support Airmen in VI Tailored Agile >
=T

their decision making 5= = Execution

process

— Timely access to all
cross-functional and
cross-domain data
that is customizable
and can be tailored to Near Real Time Status and Location of:
each user’'s needs Equipment, Parts, People and $$

Reference: Air Force Common Operational Picture, USAF COP Team, 25 April 2005

Taskings
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COP-enabling Capabilities
SNN
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* Network-centric

e Service-oriented

e Enterprise management
* Business intelligence

e Logistics transformation:

— Expeditionary Combat Reusable
Support System (ECSS):

» Improve war-fighter capability by
transforming AF Logistics'

Technical Services

bUSineSS processeS: Integration Services -
T . T —
= Establish real-time modernized
information system S

Reference: ECSS Overview, Col. William Cox
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DATT Supports COP & ECSS

=N

scientific monitoring ine
DATT provides

Decision Support & ....

Common “Feel and
Look” for all levels i

of maintenance

.
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DATT Is an Analysis & Reporting
nng Software for Health Management
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 DATT consists of two parts:

— Architecture/framework:

= Open-system: applicable to engine data, ground equipment data, test
cell data, oil data, usage/life data, and vibration data

= Plug-and-play: integrated framework for all analytical tools
— Algorithms:

= Basic engine monitoring capabilities: Diagnostics, Analysis,
Trending, and Alert

» More advanced capabilities: Prognostics, Availability/Readiness
Assessment, Removal and Workscope Planning

« DATT is enabling CBM and RCM goals:

— More accurate and effective management of engine system health
than conventional monitoring tools

— A component of the National Security System (NSS) EHM+ software
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DATT Provides Analytical

NN “Bridge” between Data and Users
scigntific monitoring inc
Data Sources D-DATT: EHM+ App. Broker User Groups
-tEhH*DHC#AFRE-? i ET&D/RCM Toolset {Role-based)
CETADS Data I‘1 : . DATT Trending / OC-ALC,
: ! ; AFRL, AFKS
; : . DATT Diag
|| Test Cell Data ; OEM Engrg.
= : @ DOATT Prog
[sewEox | \mp @ OATT Dec Sipt GO
| Data T
E Oﬁ Future
' OAP - O :::_EI'IhInl:lI!I'-‘I'h Test Cell
‘| Data : {e.g., Weibull,
. | O module match) .
|| Borescope ; : “‘ Other
|| Data J : ) \ | Applications

22Mar06 Copyright by SMI 2005-2006. Released to U. S. Department of Defense.

20



DATT Open Architecture Supports
snng EHM+ Capabilities Plug-and-Play
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User Interface DATT Software
Architecture Open-arch.
platform
Decision Support
Modular
capabilities
Versatile
tools
4 Algorithm Algorithm Algorithm Algorithm Other Iy (faradnven
#1 #2 #3 #4 Algorithms based)
ICEMS Data Management Layer
Flexible
interfaces
Data Source EHM+-DRC AFKS Other Tools

_Interface Interface Interface Interface - ---
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Notional DATT Framework for
<NNB Multiple Engine TMS
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« DATT common features will support all engine TMS
(Type Model Series)

 DATT uses engine-specific features to perform health
management functions and capabilities

= Welcome to the DATT (Diagnostics, Analysis, and Trending Tools)

What's New
* Meeting Agends
* Briefings

FHBPULE&UH FROCULSION /PROPULSION

A nt ' 4 '
nnoucements F110 ﬂ F108 E £E T34 g
=" DATT : DATT ¥ DATT |l
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DATT Is a Technology Transition
<NnNEB Success Story
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 Technology originated as an Air Force Research Lab. (AFRL) SBIR
project aimed at enhancing engine health management capabilities

Stage Calendar Year ‘97 ‘08 ‘99 ‘00 ‘01 ‘02

SBIR Phase I: Feasibility

SBIR Phase II: Exploratory Dev. |

F100 A

Phase Il Enhancement: Adv. Dev. ]

\

F110 { Field Demo on F110 @ Cannon g

« DATT is being fielded by OC-ALC! (Contract started in 2005)

From Lab. to Field @
%n‘:ﬂtﬁ

22Mar06 Copyright by SMI 2005-2006. Released to U. S. Department of Defense. 23




DATT Is Also a Catalyst for Feeding
NN Field Experience Back to R&D
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o DATT is the “blue print” for the AFKS (Air Force Knowledge Services)
R&D environment to be used by AFRL to facilitate health management
technology development and maturation

From Field to Lab.

D
L

CETADS/ITADS Computer ]

DATT for Sustainment

o RN Wi R
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Fully Developed AFKS R&D
SNANAL Environment Will Support ECSS
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GCSS-AF
Portal

New Technologies AFKS CBM/RCM Tech. Dev.
& Capabilities & Maturation Environ.

REMIS AFKS CEMS/CAMS

*

Engine Performance & Usage Data

Data Upload

Data Sources
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. SMI Background

Founded in 1993 as a consulting and R&D company
in adaptive controls & system health management e TR
Received numerous national awards: _
— 2000 Small Business Award for Excellence '
— 2001 Tibbetts Award as an outstanding R&D company
— 2002 NASA Achievement Award SBA Administra

Faprard for Exce

Recognized as the leader in condition monitoring and
predictive maintenance:

— Boeing has selected SMI as a partner for Boeing
Airplane Health Management (AHM)

— USAF has selected SMI to enhance its Engine Health
Management (EHM) software

Over 10 awarded and pending patents

Located in Scottsdale, Arizona with satellite offices in
California and Ohio




Our Technologies
SNANE
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|-Predict™
Prognostics
I-Health ™ I-Lifext™
Health Assessment | Life Extension
Open-architecture Interconnected
CBM software Software
|-Detect™ |-OpT ™
platform St Dmocion |

DECISION SUPPORT

o (CICEMS™:

_ & Analyls_i;:nl;::eling
AFKS L d-TrendT |

I-Trend”

Commercial front-end ::,.. DN i i isicuein sumie s
software for trending, o
diagnostics & prognostics

Dama EGTRBEINRAR
ddEatBa

Dt HIRSEHIRE
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Our Technology Applications

—

I T
W e
TOW Gomparison
= oo

Rellabllllty_ antered Maintenance V&V and PHM USAE NSS-EHM-+
Asset optimization & work scope life cycle DATT
planning for engine & SRUs maturation Next generation engine

trending, diagnostics,
prognostics, and decision
support software

Boeing AHM | "
Airplane Health Management for fault US Army Future Co_mba’F Systems
Integrated system fault isolation &

forwarding, alerting, and prognostics L ° )
mission readiness assessment
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Link Jaw is the founder and the president of Scientific Monitoring, Inc.. He has
more than 25 years of experience in the aerospace industry. Before founding
SMI in 1993, he worked in the engine performance and the control system
design departments for Honeywell Engines & Systems (formerly Garrett Turbine
Engine Co.) from 1983 to 1993. He was a real-time system engineer for Singer
Link Flight Simulation and FlightSafety International from 1980 to 1983.

Link Jaw received a Ph. D. in Aeronautics and Astronautics from Stanford
University in 1991, an M. S. from The University of Michigan in 1980. He has
published papers in the Journal of Engineering for Gas Turbines and Power and
at the conferences of American Society of Mechanical Engineer (ASME),
American Institute of Aeronautics and Astronautics (AIAA), International
Electrical and Electronic Engineering (IEEE), and International Society of Air
Breathing Engines (ISABE).
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