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Introduction

System response changes include :
[1 Gradual change

(performance degradation, or health
degradation)

1 Abrupt change

(fault, malfunction, engine trouble or
failure)




Introduction (continue)

[1 Gradual change can be trapped by data
mining from measured data, or by
specific health monitoring scheme

1 Abrupt change is usually trapped by
alarming system

L1 Both of them may be missed by
iInadequate measurement




Prognostics and health
management

[1 It generally combines sensing and
interpretation of environmental,
operational, and performance-related
parameters to assess the health of a
system and predict remaining useful life

L1 Or at least we try to predict its trend to
become failure




Failure progression timeline

Need: To Manage

= Interaction between = ]
Prognostics 50t and Diagnostics
. L Prognostics
Very early incipient System, Component. or Sub- Secondary Damage.
fault Component Failure Catastrophic Failure
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Predicted useful life remaining Determine effects on
rest of aircraft
Develop: Useful life
Desire: Advanced Sensors remaining prediction Need: Better models to
and Detection Technigues models — physics and determine failure effects
to “see” incipient fault statistical based across subsystems

The Goal is To Detect “State Changes™ as Far to the Left As Possible

Failure progression timeline.




Examples of degradation

Wear
 Slackness
Leakage
Dust

Dirt

- Corrosion
Deformation

OO OO O O O
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Examples of degradation

] Increased friction
[1 Surface damage
[1 Cracking

[1 Overheating

L1 Vibration

L1 Noise

[1 Poor combustion
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Examples of KPIs for engine health
monitoring

Combustion efficiency (P-theta diagram)
Load (torque meter)
Turbocharger efficiency

~low resistance(e.g. pressure difference
netween inlet/outlet of the air cooler, or
poiler furnace)

Condition of piston ring sealing and
rotation (piston ring monitor)
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Combustion monitoring example
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Monitoring for torque rich (power

ISpeed diagram)
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Piston ring monitor
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Monitoring for high temperature site
(thermographic image)
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Some remarks for health
monitoring indexes

] Health indexes are usually changed
with operating point

1 Beware of bias, noise in the
measurement, which may deteriorate
health indication
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Pre-warning time for different condition
monitoring methods

Early detection of machine damage using...

Damage l Q'
4 -appoars Particles  yjprati )
@ , ibration
] 1 )
: l ‘,'"""m.-

Maschine status

Time

E -’: - Minutes
:a—vi Days

»  Weeks
+  Month

Prewarning time

Kuhl, A.: Condition Monitoring — many options, one goal, Proceedings of OilDo 2011,
Rosenheim, Germany, February 2011



Tradeoff between False alarm and Miss
fault detection

() M
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Health management

Select proper health monitoring indexes
Health management procedure

Link with safety management (error
management)
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Health monitoring index may be
classified into 3 levels

Green level (health is in good condition)

Controller tuning can be considered to
optimize system’s performance

(health is degraded)

The monitoring scheme ftry to indicate actual
cause which is responsible for degraded
health, so that useful improvement (e.g.
maintenance scheduling) can thus be made
to restore system’s health (3g &2 )
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(continued)

Red level (Poor health)

Actually, it is in fault diagnostic mode,
fault accommodation(such as auto-change,
auto-trip...) is required to avoid system
breakdown
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Health management procedure

Health monitoring is used to find the sign of
degrading health (by examining health
indicators)

Using health indicator analysis to find root
cause for degraded health (fault isolation)

Suggest proper actions to restore health
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Helmreich’s error management model

MITIGATE
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Health management should link
with error management

Avoid (Be cautious with hazard analysis
first and maintain situation awareness)

Trap (Use health monitoring indexes to
trap degraded health, find out its true
cause, so that remedy can be made to
restore health)

Mitigate (Using failed-safe design and
SOPs to reduce possible human error)
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Summary

Safety is not something we have, but we
create it in every day, every moment
FrEAAPIL N R[MT HSERLER
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Summary

[1 The earlier the degradation we trapped, the less
hazard to the system’s health can be achieved
REFRER T HRIRG A U ERIE > AR ¥
g reng 3

[0 Hardware(condition monitoring devices) is only an
infrastructure, knowledge and management are
required to maintain system’s safety and efficiency
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