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Propulsion System Health Monitoring
An Insight into Wear Debris Analysis
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A Provide advice to the RNZAF to:
I Support continued airworthiness
I Prevent flight safety events
i Increase aircraft availability/reduce cost of ownership ¥4

A Propulsion systems: =
I Gas turbine engines/gearboxes/helicopter drivetrains
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ND ontext - Motivation

Small fleets - U/S aircraft - high impact on capability

Deployed A/C T minimal facilities and spares available
i E.g. Antarctic Flights, helos embarked on ships, austere environments, in-theatre ops etc.

A

A

A Need for increased warning lead-time to required maintenance intervention
A Oil-wetted component defects significant driver for unscheduled maintenance

‘ Wear debris analysis identified as one area requiring enhancement
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Wear Debris Analysis - Definition
A Wear Debris Analysis infers the health of oil-wetted components from debris
liberated from wear modes within the system

A Provides data on:

I Wear modes
A Morphology
I Origin of debris
A elemental composition
I State of defect progression

A Size/quantity
A Debris rate .




New Zealand

\W/
‘.\,Eg.v 7 DEFENCE

| |

Defence Technology Agency (/// \ \ ONAVY NZARMY @A_'!.EQRC!

Wear Debris nlysis I Typical Aircraft Systems

A WDA employed by OEMs as a prime means of detecting oil-wetted
component defects
i In-line Magnetic chip detectors (MCDs) 1 indicating/passive
T Filter debris analysis
e I In-line real-time particle detection (very limited application)
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Wear Debris nlsis I Typical Aircraft Systems
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Wear Debris | erviceability Assessment

OEMs provide AMM inspection criteria for wear debris
First Line assessment visual inspection process has changed little over time

Inspection guidance can be ambiguous/open to interpretation
I Often no detail on inspection method
I Often no detail on filter debris inspection

First Line assessment visual inspection:

I Quantity and size
I Morphology

HAIR-LIKE SLI\JERS -OMAGNETIC
PLUG ACCUMULATION
NORMAL MAGNETIC PLUG

METAL ACCUMULATION

Within limits - no further review
i Sample may not be retained

Out of limits
I Requires engineering review
I Possibly laboratory analysis

METAL CHUNK, ACTIVE FAILURE
MAGNETIC PLUG ACCUMULATION
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Wear Debris 1 Seviceability Assessment

Example of generic AMM serviceability criteria for wear debris

Steel Fuzz, fine hair-like particles or granular form Normal wear None
Particles in splinter form Usually indicates Perform
failure serviceability check
Thin flakes not exceeding 0.031 inch (0.78 mm) in  Small gty will not Perform
diameter and 0.25 inch (6.35 mm) in length. Qty cause bearing failure  serviceability check

not to exceed 20 flakes

Usually indicates Perform
failure serviceability check

More than 20 flakes not exceeding 3\031 inch
(0.78 mm) in diameter or any Qty of fl
exceeding the above dims

How do you measure this in the field?
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Wear Debi i Serviceability Check Example

Generic procedure for a helicopter main rotor gearbox
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A Indications
i MCD chip light T Assess iaw AMM criteria

i Filter bypass
i Other (high vib etc.)

A Perform serviceability check
i Perform 30 min ground run at flight RPM i if OK

I Perform 30 min hover check

I Inspect MCDs
A if QTY of particles increased i Reject gearbox OR
A IfQTY is lessi assess debris and repeat serviceability check OR

A 1f QTY is Nili continue in service
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Wear Debris i Engineering Review

A Inputs to serviceability assessment:
i Lab analysis of wear debris sample i composition, morphology
I Maintenance history
i Known and predicted wear modes
i Engineering data i e.g. metal map
I Trend data i wear debris and other e.g. vibs

I Engineering judgement

A Output:
i Diagnosis: Go/No-go (based on AMM criteria)
I Prognosis: time until required maintenance intervention
T Mandated inspections/monitoring if remaining in service

A 1ssues
i Data for engineering review may not be available
i SMEs may be remote from samples i delay in analysis
I Variable experience of personnel in WDA



New Zealand

<, DEFENCE
( FORCE

xTOpKt 0 Aotea

ONAVY NzZARMY (©AIRFORCE

Defence Technology Agency

Case S Iroqums T53 gearbox

A Multiple MCD indications over period of 100+ hoursi al | assessed

A Final in-service MCD indication i serviceability check
i Further MCD indication 3 min into 20 min hover check
i Teardown found 2 fractured gear teeth, abnormal wear on gear surfaces
i Wear debris precursors not detected
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Case Study.'l' T56 Accessory Gearbox (AGB)

A Aircraft deployed on operation

A Mag plugs checked i Accessory Gearbox Mag plug had debris

A Debris assessed as ©DJampesénttaDTA slowitinetor review i mi t s
A Results:

T56-A-15 SERIES III ENGINE
PINION LOW REDUCTION GEAR

i 6Fuzzd shown to be fatigue

T Particles <1/16% inch limit

Rolls-Royce

A Engine changed

AGB Lowemagplug: Visual

AGB Lowemagplug:
Macrolens photo Lower maglug: SEM image



