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 Evolution of Diagnostics and Prognostics
Tools for Condition Based Maintenance
(CBM) and Monitoring

o State of the Art
« What you can expect

e Integration with Maintenance Tools
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-SHIFM! Early Days of Engine Monitoring
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= i We Still Do That, Don’t We?

* Preflight Check
 Overnight Visual Exam
e Borescope

Why?
 Undetectable damage

 Leaks
« FOD - visually observable damage
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= 4 The Goal is ...

 Early detection of impending
problems

e Effective corrective actions

 Can science & technology help?
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f Aircraft Data Acquisition Today

Satellite

771234,050CT25,17.53.40,KORD,KPHX,ZZ0123XXXX,5000,380
001,06.0,000000,SE6N04,VN6004,220171,000,052,052
N17.5,36938,0.815,111,2.65,111,10,0,01,111,2.58,X
N17.4,36940,0.816,111
712345,013,135.7,461.0,048.9,053.2,089.76,N00.8
15.275,088.5,108.0,138.9,460.8,047.9,052.4,090.07,N00.7
024.4,34,110,207,119.1,0,03.1,0.02,0.03,00.5
022.5,28,104,206,119.4,0,03.4,0.03,0.07,00.8
135,255,0.50,0.39,53,03913,00480,2F708,06064,037
712346,01353,02263,00480,2EF08,06064,037
1.324,1.324,084.02,087.1,077.6,0420,06.570,06487,04.906
1.324,1.324,084.36,087.3,077.8,0417,06.663,06576,04.896
VH F/G P R S 15.140,082.5,100.1N00.1,002.2,000.7,N001,00.0004,N16.16
. 207,063,0.54,0.32,N00.1,002.3,000.9,N001,00.0003,N16.10
000.1,000.5,N01.9,N00.0,N00.0,002.4,N01680,418135,35.4
N00.2,N00.1,N00.2,N00.1,N00.1,N00.1,000.0,000.0,0028.4
N00.0,N00.0,N00.1,N00.1,N00.1,N00.1,000.0,000.0,0028.2
N00.1,000.2,015,N127,006.4,0.803
000.1,000.3,015,N121,006.3,0.803

ACMS
Airborne Server

« Schedule Reporting

 Engine Monitoring
Reports

« ACMS Reports for
Aircraft Systems

 Performance Reports

Flight Completion
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— g Physics-based Modeling Approach
MMM‘ g _Provides Superior Results

Level of
a-priori

knowledge
required

Prognostics

Hormal Abhnormal 1

|

A A Anomaly |

4 A K - Detection |
|

|

Diagnostics
Modeled Faults = known
3 i
Z, | Modeling complexity re=1uired
|
Unmodeled Anomalies = Lnknown I :
| .
] Physics-based
features
Data-driven
features
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-SMM-\! A Hybrid CBM Modeling Approach...
SCINLITC m IIIIIII:

In an oil pressure
system,

where would you set the

upper and lower
warnings?

What about shaft
speed?
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 Rationalizes (normalizes) many outliers
 Improves ‘signal to noise’

o Significantly better model fidelity
 Results in much higher alert confidence
 Only way to true prognostics
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EMM% Reduces Scatter & False Alarms

F110 Engine Trend : * SMI's approach & technology
Lt e : IS unigue and patented
_ b jehd iR e  Proven on aircraft and
T [ T IOmE engines
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>N\ z A Suite of CBM Tools is Needed

scientific m

e Open system CBM (Condition
Based Maintenance)
architecture.

 Web-based, multi-layer, Heam Assessmect |
distributed platform.

 Modular, scalable analytical
tools. s i

 Connectivity to back-office
tools.

 Adaptable to existing
monitoring system.

 Local or remotely hosted
options.

9 November 2005
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gmm CBM is Integral to Business Processes
_

Application CBM Value

* Reduce No Fault Found
* Reduce Unplanned Outage

Monitor ..
Performance::> el :>

Majntenance
ogistics

Sensor Z>

Early
Planning —
“What parts
will we need?”

Scheduled
Maintenance —
“When do we have to —
do the maintenance?” ORACLE
¥/ AEROSPACE
ERP System TESTING
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m CBM Requires a Flexible Architecture
_

Sensor &
Aircraft
Data
Interfaces

9 November 2005

XML or
parsed text

» Trending

» Alerting :
* Watchlist |-Eeuiemmi | Seapess

ICEMS™
CBM Maintenance

Tool Software
Suite
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= . Summary

A physics based CBM modeling
approach is the best way to ‘clean up’
your data and manage your assets

e It's the only way to get to truly
automated asset management

Processes

A hybrid approach enables
prognostics - the way of the future
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