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FOREWORD
Lubrication system monitoring for gas turbine engines can be classified.into three|types of
activities:
a. Oil system performance monitoring (monitoring the oil systent’s performance)
b. Oil debris|monitoring (monitoring the condition of oil-wetted engine compongnts via the oil
system)
c. Oil conditipn monitoring (monitoring the condition’ef the oil itself)

Figure 1 shows schematically the techniques and-hardware used for these three types of

activities.

Further classifications are useful with respect to whether these techniques involvg on-aircraft

equipment or
indicates this

Lubrication sy
discussed in A
information of
monitoring.

For on-aircraft

ivhether they are based primarily on off-aircraft equipment or facilitig
classification.

stem monitoring-is a part of overall engine monitoring system (EMS

RP1587. Erequently, lubrication system monitoring data are compl
tained fromi.other components of the engine monitoring system, e.g

debris monitoring methods, proper integration of the sensor(s) into

is essential an

dcan determine theirsuccess or faiture. Further, bothon-aircrafta

s. Figure 1

, as
lementary to
., vibration

the oil system
nd off-aircraft

debris monitoring methods are affected by the degree of oil filtration. This document, therefore,
addresses both sensor integration where applicable and interaction of debris monitoring and oil
filtration.
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FIGURE 1 - Oil System Monitoring in Aircraft Gas Turbine Engines
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Oil system operation monitoring by means of pressure, temperature, and oil quantity constitutes
the earliest form of oil system monitoring in aircraft engines. Later, filter bypass indicators were

added to alert

maintenance crews to clogged filters.

Wear debris monitoring goes back to the periodic checking of filters, pump inlet screens, and
magnetic drain plugs in reciprocating engines. By the early 1950s some airlines had developed
successful systems for monitoring piston, piston ring, and main journal bearing condition on
radial aircraft engines using such methods.

The introduction of gas turbine engines with their high speed ball and roller bearings brought

new failure mq
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Les to these engines. They developed a method consisting of regu
e oil filters, back flushing them and analyzing their content visually i
shape, color, and material (see Reference 2.1.1). Experience obtai
5 was used to estimate the likelihood and severity of failures and to
hove the engine. Even today, regular filter inspection isrused in son
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ications of incipient failures.

bneration of gas turbine engines was already~equipped with magnet
automatic shutoff valves to retain the oil ahd simplify routine inspeg
toring methods have since been built around this principle. In the e
ptectors began to replace the magnetic chip collectors in U.S. militar
er, magnetic chip collectors are still'in wide use today in military, ag
craft.

magnetic chip collectors,-and electric chip detectors are effective in
nan about 50 um. For the’quantitative assessment of finer debris (s
etric oil analysis (SOA) was applied to aircraft gas turbine engines i
igins of this techriique go back to condition monitoring efforts on rai
1940s. Today,\itis in wide use by most military services and many
world.

mphasis.on reduced cost of ownership, increased dispatch reliabilit
ancé{and automated engine monitoring has stimulated the develoy
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ment of new
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toring and assessment technologies. These include a new generat

electronic on-aircraftdebrismonitors-thatareatready-inserviceorarebeingdeve
Furthermore, technologies that previously were available only in the laboratory are being
investigated for possible development into on-aircraft debris monitors (e.g., optical and X-ray
fluorescence technologies) or at least routine oil quality or debris assessment off-aircraft.

ped.

At the same time, improved oil filtration with its well-established benefit of longer component life
has reduced the effectiveness of some widely used off-aircraft debris monitoring techniques and
has stimulated the development of more sensitive instruments and methods for wear debris

analysis and c

haracterization.
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Besides the hardware to detect the presence of debris in the oil system and the means to verify
and diagnose the developing failure, the debris monitoring system also needs to include
effective criteria for the initiation of appropriate maintenance actions. These criteria are as
important as the hardware in ensuring that secondary damage is kept to a minimum, in-flight
shutdowns and engine removals away from base are avoided and serviceable engines are not
grounded prematurely.

While some oil-wetted component failure modes are common to all engines (e.g., bearing rolling
contact fatigue), others are specific to certain engine models, usually because of the design and
loading of their bearings, gears, or splines. It is often impossible during engine development to
anticipate all fai ; —fai ; i Igorithms,
and removal cfiteria are often established with the aid of the oil debris monitoring’$ystem itself.
Ideally, this shpuld occur during engine development, but frequently requires in-sgrvice
experience befause of the rarity of oil-wetted component failures.
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1. SCOPE:

The purpose of this SAE Aerospace Information Report (AIR) is to provide information and
guidance for the selection and use of lubrication system monitoring methods.

This AIR is intended to be used as a technical guide. Itis not intended to be used as a legal
document or standard.

The scope of this document is limited to those inspection and analysis methods and devices

F-considered appropriate for routine maintenance.
CES:
e Documents:
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, 1972
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L, April 2000,
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2.2.9 R.A. Collacott: Mechanical Fault-Diagnosis and Condition Monitoring. Chapman & Hall,
London; John Wiley & Sons, New York

2.2.10 Ferrography. Proceedings - Symposium Organized by the Condition Monitoring R&D

Group

of The British Institute of Non-Destructive Testing, October 1979
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Aerospace Information Report
Built In Test (Equipment)
Complete Oil Breakdown-Analysis
Direct Reader Ferrograph
Energy-Dispersive X-ray Analysis
Elastohydrodynamic Lubrication

Electromagnetic Interference

EMS

Engine Monitoring System

bylance, T. M. Hunt, “Wear Debris Analysis”, Coxmoor Publishing, 1
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LVDT

Federal Airworthiness Regulation
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Joint Oil Analysis Program

Life Cycle Cost

Linear Variable Displacement Transducer


https://saenorm.com/api/?name=d7e9f644e5997eb9bfd8293dcba2b976

SAE INTERNATIONAL

AIR1828B

Page 10 of 53

2.3

3.

3.1

3.2

(Continued):

RCF Rolling Contact Fatigue

RDE Rotating Disc Electrode

ROI Return on Investment

SEM Scanning Electron Microscope

SOA(P) | Spectrographic Oil Analysis (Program)

TAN Total Acid Number

XRF X-ray Fluorescence

NOTE: |In agreement with industry usage, wear particle size ranges are giv

micrometers (1 um = 10° mm = 10° m) and (0.001 in = 25.4 pym).

BENEFITS:
The benefits that can result from oil system monitoring include increased reliat
cost of ownership, improved product assurance, and enhanced safety of the e

Reliability:

Lubricatipn system monitoring methods with good diagnostic/prognostic cap

improve
enhance

Reduced Cost of Ownership:

Reliable
shutdow
unneces

mission reliability:

lubrication system monitoring methods can reduce occurrence of in
NS, engine change-outs or repairs away from main overhaul facilities

en in

Di
|

lity, reduced
uipment.

bbility can

pperational readiness, removal scheduling and engine management, and

Hflight

P

sary removals, and secondary damage of progressive failure modes

appropriate maintenance action.

by identifying

An implemented lubrication monitoring system with fault isolation and identification
capability can often give an indication of the location and type of defect that might
otherwise lead to engine removal.

A cost/benefit evaluation criterion for oil system monitoring is life cycle cost (LCC). An
objective of LCC trade-off analyses is to maximize return on investment (ROI) by

addressi

ng projected cost benefit (Reference 2.2.1).
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3.2 (Continued):

The acquisition costs of many oil system monitoring devices are relatively low compared
to the engine components they are intended to protect. The cost/benefit ratio is, therefore,
generally favorable. However, maintenance, added weight, inspection, logistics, training
and support personnel requirements can be dominant contributors to LCC and must be
taken into account (see Figure 2).

LCC{—RBH—E+—Aequisiﬁen—+—9peraﬁonal—al|d
Costs Costs Support Cost

Development Procurement Maintenance
Spares Inspection
Laboratory Logistics
Facilities Support Personne

FIGURE 2 - Life Cycle Cost (LCC) forQil Monitoring Systems

The costfbenefit ratio of oil debris monitoringmethods can vary greatly from engine to
engine, e¢ven within the same performance-class. This is due to the fact thafthe mean
time between oil wetted component failures depends on loads, speeds, lubrigation
conditior}s, and number of components, all of which can vary from design to |[design. In a
given enfgine, oil wetted componént defects may be a relatively frequent occprrence and
an effectjve debris monitoring system can contribute significant cost savings| This may be
especially true in the earlyyears after service introduction. In engines wherg this is not
the case| an expensive oil .debris monitoring system or program may not be |ustified.
Neverthgless, the genéral trend towards higher oil wetted component loads and operating
temperalures, lowefweight, and condition-based maintenance continues to frive the
development of debris monitoring methods with improved failure detection, grognostic,
and diaghostic.capability.

3.3 Product Assurance and Verification:

Lubrication system monitoring provides product assurance by being an integral part of
engine maintenance and inspection procedures and policies.

Bearings misaligned during assembly and similar build defects resulting in early abnormal
wear can be detected during engine acceptance test, run-in, or initial operation by proper
oil system monitoring. Lubrication system monitoring also plays an important role during
engine development for verification of proper bearing and lubrication system components
design.
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3.4 Safety:

Bearing or gear malfunctions and impeded lubrication can lead to loss of engine power.
Effective lubrication system monitoring can contribute to flight safety.

4. OIL SYSTEM PERFORMANCE MONITORING:

4.1 Oil Pressure:

Monitorifig engine oil pressure provides indication of proper oil system opergtion and is
used to detect abnormal conditions. High oil pressure can be caused bycelegged oil jets.
Low oil gressure can be the result of leaks, broken lines, pump failure(partigl or
completg), low oil level, or pressure relief valve malfunction.

Each pump has excess capacity, with a pressure regulator consisting of a ball in an orifice
backed by a spring. It may have an adjustment screw. Withih the balance gf the
regulatofy system and sump capacity, oil pressure will remain constant. Therefore, olil
pressurel measurements contain usable monitoring information only when extreme
changes|occur in the oil system flow areas.

Oil presdure is monitored continuously by means-of pressure transducers ingtalled on the
high-pressure side of the lubrication systemgwhich measures the pressure gcross the oil
jets relatjve to a reference pressure. Thesetransducers are connected to cackpit

instruments and interfaced with on-aircraft engine monitoring systems.

Transducer selection should address environment, linearity, repeatability, hyisteresis,
resolution, temperature errors, calibration errors, reliability, and mechanical/¢lectrical
interface| requirements. The:.environmental parameters include temperature
contamination, vibration shock, acoustic noise, and conducted and radiated|EMI
(electromagnetic interference).

There arg a variety)of pressure transducer technologies available on the market. These
include gtrain gage, capacitive, inductive, potentiometric, piezoresistive, and|LVDT.

In additian-to' pressure transducers for continuous oil pressure indication, mgst older
aircraft gas turbine engines are also provided with a low-pressure switch to alert the crew
to a critical engine condition. Modern engines incorporate oil pressure transducer
redundancy. A low limit is set in the software that alerts the cockpit of low pressure
conditions.

Federal Airworthiness Requirements (Reference FAR items 23.1305, 25.1305, 27.1305
and 29.1307) require a low oil pressure warning and/or an oil pressure indicator,
depending on the type of aircraft. An oil pressure indicator is also required by applicable
specifications for U.S. military engines.
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4.2

4.3

Oil Temperature:

Oil temperature must be monitored to assure that it does not exceed the operating
temperature limitations of the oil. In conjunction with other oil system parameters, high oil
temperature may also indicate and help isolate engine subsystem malfunction. If oil
temperature is sensed at the scavenge side, extreme bearing distress or hot section seal
leakage may be detected or it could be caused by over servicing (overfilling the system).
If the sensor is located downstream of the oil cooler, its clogging may lead to an over-
temperature indication. However, slow or small changes cannot be determined in
advance[ofaTeat proptem. 1 his 15 due to the wide rTange of independent vatiables that
affect system temperature levels. These variables include engine revolutions per minute,
fuel temperature and flow rate to the cooler (if used for oil system heat, sink)|ambient air
temperature (if air/oil cooling is used), altitude, and Mach number.. Ne simple diagnostic
set of limits can be derived for multiple sensing or single sensing lpcations. Sensing
multiple temperatures and monitoring them with the aid of an EMS could provide excellent
diagnost|cs but might not be cost-effective.

In general, oil temperature is sensed by thermal resistance sensors that proguce a change
in electrigal resistance with respect to temperature (Figure 3). Resistance temperature
sensors are generally of the metallic type. Due to@onlinearity and lower acquracy,
thermistgr temperature sensors are generally notused for oil system monitofing.

FIGURE 3 - Thermal Resistance Sensor

Oil Quantity and Consumption:

Monitoring oil quantity and oil added can provide information about excessive oil
consumption, oil system leakage, fuel contamination from defective fuel/oil heat
exchangers, or over filling. Most engine oil tanks are equipped with sight gauges or
simple dipsticks for pre or postflight oil level checking. Many commercial and military
engines also have oil quantity transducers. These transducers are usually of the
mechanical float/reed-switch, capacitance, or thermistor types, which can operate in this
high-temperature environment. There are single point (low level) switches (Figure 4) as
well as multilevel transducers for in-flight cockpit or maintenance panel readout.
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4.4

4.5

Filter Bypass Indicator:

Since a ¢logged oil filter would otherwise-lead to oil starvation, gas turbine e

have byp
assembl

or electrical bypass indicator.. An‘impending bypass indicator is required by

(Referen
the U.S.
cracking
debris if
indicatio

The meg

FIGURE 4 - Oil QuantitySensor

ass valves, which open under increased differential pressure. Mos
es have provisions to indicate this condition externally by means of

ce items 23.1019, 251019, 27.1019, 29.1019, and 33.71) and is als
military (MIL-E-8593). The impending bypass indicator is set below

the engine/s Operated with a bypassing filter. A thermal lockout prg
n due to_cold oil.

hgine filters

[ filter

a mechanical
the FAR

0 required by
the bypass

pressure, singe the oil wetted components can be damaged by recifculating

vents

ed by

hanical indicators are pop-up buttons and can often only be inspect

removing

cowlings, etc. The electrical bypass switch permits cockpit or maintenance

panel indication.

Filter Pressure Drop Monitoring:

Filter element pressure drop is monitored by mechanical, electrical, and combination
indicators as well as differential pressure transducers to indicate when a filter element
requires replacement. The pressure drop across a filter element can also be utilized as an
indication of accelerated component wear, impending failure, poor maintenance, or oil
breakdown.
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4.5 (Continu

ed):

An indicator provides a single signal to the operator at the point when filter element
servicing is required. The indicator incorporates a thermal lockout feature to prevent a
false indication during cold start conditions. Since there is no warning prior to indicator
actuation, most normal filter element servicing is performed on a time interval to permit
scheduling convenient to the operator. In this case, indicator actuation would require an
evaluation of the system’s condition since short filter element life is an indication of a
lubrication system problem.

The tran
allowing
need to (
monitorir
the filter
addition,
modes b

A single
performg

5. OIL DEBR

5.1 General
In additig
medium
wear. N
material,
generate
condition
the basis

The maijq

sducer provides continuous signal output to the engine monitorings
for operational limits to be established within the applications-softwa
thange hardware. The thermal lockout function is now accomplishe
g of the oil temperature. Continuous monitoring of the, pressure bu
element provides the operator the ability to service the-filter on cong
the transducer provides the ability to identify someflubrication syste
y using trending techniques.

transducer can be used to monitor both thefilter element and its by
nce and the transducer can be validated.for proper operation.

S MONITORING:
Considerations:

n to its function as a lubricating and cooling fluid, the oil serves as 4
for the debris generated by the rolling and sliding surfaces, which a
brmal wear, accelerated wear, and incipient failure involve the remo
although at different rates, and often in different particle size range
d in these processes contains valuable and detailed information ab
of wear surfaces and the type of wear or incipient failure in progreg
for engine monitoring via the oil system (oil debris monitoring).

br objéctive of engine oil debris monitoring is the prompt detection o

modes W

ystem

are without the
d through the
Id up across
ition. In

m failure

bass valve

n transport

e subject to
val of

5. The debris
but the

s. This forms

f failure

ith-rapid progression, particularly those with short time to onset of s

gnificant

secondary engine damage. Wear modes with slow progression rates usually do not lead
to engine failure by themselves. However, they can initiate secondary modes with faster
progression rates. For example, a bearing surface damaged by corrosion can begin to
spall eventually. Detection of this secondary mode, which progresses at a faster rate,

then bec

omes essential if hazardous or catastrophic failure is to be avoided.

Sudden failures of oil wetted components caused by fatigue cracking, such as gear tooth
or bearing race fracture, are not normally detectable by any of the methods described in
this AIR. Their failure modes produce little or no debris prior to component disintegration.
However, this type of failure is rare in a production engine and can be prevented by proper
design and quality assurance. Vibration/acoustic and electrostatic analysis techniques are
being developed to try to identify these types of defects.
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5.1

5.2

(Continued):

In selecting the debris detection method(s) for the engine monitoring system, it is
necessary to determine the following:

a. The types of potential failure modes

b.

Their criticality versus their probability

Cost

e. Weig

f. Logig
Most def
capabilit

spurious
determin

The oil d

into on-alircraft and off-aircraft debris monitoring techniques. This classificat

since thg

Wear Md

Wear an
mechani

The fequired detection point (imeliness)

effectiveness

ht (for on-aircraft systems)
tics requirements

ris monitoring methods discussed in this AIR have at least some trg
. Trending can provide essential information-in distinguishing corre
indications of the debris monitoring system or method. Trending al
ing the criticality of the wear or incipient'failure mode under investig
ebris monitoring methods currently in use or under development ca
two categories have different hardware and logistics requirements,

des, Failure Modes and Debris Particles:

i failure mechanisms are a result of lubrication and load conditions,

film elas
compar

contact Qearings’is spalling or macropitting induced by surface fatigue (see |
2.1.2 and 2.4:35). This process produces mostly large debris particles with
range frgm2100 to 1000 um. In the boundary lubricated and mixed-mode (p4

cal design characteristics of engine components, including materials
ohydrodynamic lubrication (EHL) conditions, where the film thickne
to the average surface roughness, the predominant failure mode

ending

ct from
50 aids in
ation.

N be divided
on is useful

and of the

5. Under full-
5S is large

bf rolling-
References

h typical size

rtial EHL)

regimes, where asperity contact occurs, the debris particles are of smaller size (<100 um).
Under such lubrication conditions, abrasive and adhesive-type accelerated wear modes
such as fretting, bearing skidding, cage rubbing, gear scuffing, spline wear and bearing
race (fixed) rotation are more common. Bearing skidding can occur when bearing loads
are light. It produces very fine debris particles (<25 um) and can progress rapidly to loss
of rolling element tracking when bearing surface speeds are high. Certain cage wear
modes also produce only small particles, until cage failure occurs. The rate of fatigue
wear accelerates in the presence of water contamination.
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5.2

(Continued):

While each engine model may generate its own debris profile in terms of type, material,
quantity, shape, rate of production, color, and size distribution, classification of particles
can be useful for determining cause and action required for other engine models and
types. Figure 5 shows an oil debris classification chart for troubleshooting a military gas
turbine engine. The figure displays debris type, description, quantity, and size of particles
and illustrates how oil debris monitoring can be used in determining the probable cause
and required action. Figures 5A and 5B show photographs of the type of debris that has

been cla
of a com

Compute
(Referen
accurate

The varig
are obse
debris pr
result, th
method.

Rolling ¢
design o
primarily
modes if
method ¢
possible
serious ¢

In gas tu
componé
are also
remelted

5siffed white Figure 5Ciftustrates how to use the data in determining

ponent.

rs make it possible to develop more comprehensive and accessible
ce 2.1.5). These types of data can assist maintenance personnel g
y make decisions concerning component condition.

bus debris monitoring methods generally differ withrespect to the p3
rved, and the range in which they are measured. Depending on thg
oduction may increase dramatically in one Size range but not in ano
e timeliness of detection of a given incipignt failure mode can vary f

pntact fatigue (RCF) is an example of a wear mode that cannot be ¢
- readily controlled by other precedures such as hard time overhaul,
reliant on oil debris monitoring. If left undetected, RCF can initiate
gears and in bearings. At\is, therefore, essential for the selected mc
br combination of methods to be able to provide adequate warning 3
follow the degradation pattern of RCF and other critical modes thrg
ondition/failure stages.

rbine engines;*main shaft bearings are among the most critical oil W
bnts. In tarboshaft and turboprop engines, planetary reduction gear

) the condition

data bases
more

irameters that
failure mode,
ther. As a

‘om method to

tliminated by
and is

rapid fracture
pnitoring

nd, if

ugh their

etted
components

critical=—Today, main shaft bearings are generally made from doubl¢ vacuum-

steel‘with high amounts of chromium and molybdenum. Cages arg

also

generally

fmade from steel and silver plated. Gearbox bearings may contain

bronze

cages, as do main shartt bearings of older engines. Ceramic materials are being used in

bearings

in some engines currently in development.

An effective oil debris monitoring system should, therefore, as a minimum, respond to the
presence of bearing-type (ferrous) particles in the oil system. There have been further
developments in inductive flow-through monitors that can detect larger size ranges of
nonferrous particles.
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Qil Debris Classification

DEBRIS TYPE DESCRIPTION QUANTITY/SIZE CAUSE/ACTION REQUIRED
A. Flake Thin, flat, oblong particles SIZE: Up to 0.040 long and very Typically result from spalling of
(steel) with rounded or scalloped thin.

[significant]

B. Chunk/
Fragment
(steel)
[significant]

C. Granule
(steel)
[significant]

D. BRONZE
[significant)

E. Wire/hair
Splinter/sliver
[possibly
significant)

F. Cutting/Turn
[possibly
significant]

sides. Like corn flakes.

Sometimes identifiable as
fragment from specific
component in engine.
Shape varies widely.

QUANTITY: Generally more than
10 particles per event.

SIZE: Varies greatly.
QUANTITY: Usually 1 to 6
particles per event

bearings. Usually indicates bearing
wear and, sometimes, gear wear.

Indicates possibility of major failure
of part; e.g., gears, bearings or other
dynamic elements. Can sometimes
be maintenance/induced or

G. Chrome/Silver

[possibly
significant]

H. Aluminum/
Magnesium
[possibly
significant]

I. Carbon
[possibly
significant]

J. Epoxy/
Phenolic
[possibly
significant]

Sometimes shows distinct
fracture surface.

Fine, powder-like clumps,
irregular shaped debris.
Like coffee grounds.

Granular, chunks, fragments,
or powder-like golden
particles.

Long, thin wire or hair-like
particles. May have jagged
edges and exhibit fracture
planes. Like steel wool or
wood splinters

Curled, twisted debris of
varying length and thickness.
Like lathe turnings.

Large flat particles, Like
shavings, peelings.

Granular,powder-like chunks
or turning particles. Can be
bright silver-white to gray if
very fine.

Black, usually granular,

SIZE: Length and width are
similar and generally 0.010.
Thickness varies, but is generally
one-half length-width.
QUANTITY: Usually more than
50 per event.

To be significant, 25 particles,
any size, per event.

SIZE: Length generally does
not exceed Q.080, width and
thickness0:010 to 0.012.
QUANTITY: Generally 1 to 20
particles per event.

SIZE: Length to 0.08, width 0.10
to 0.08. Thickness varies greatly.
QUANTITY: 5§ to 20 particles

per event.

To be significant, must be greater
than 3 particles which are more
than 0.08 long.

To be significant, 20 to 30 large
pieces.

Usually requires large quantity to

residual debrig from previous

failure.

Usually-bearing or gear wear,
scofing. Generally associated with
fretting or components spinning in

housings or on

mixed with fla

shafts. May be
es or fragments.

Bearing cage wear or failure and

usually preced|

with small qu
debris.

Generally not
mode. Often a

d by chip light event
tities of magnetic

b significant wear
$sociated with

maintenance-induced debris.

Usually maintgnance-induced and

not significant

However, recurrence

of large quantity usually indicates

abrasive wear

by bearings or seals

rotating in hoysing.

Platings or codtings separating from
parts; e.g., bedrings.

Not usually significant. Wear of

housing or fai
cases.

Generally due

ure of shims, spacers,

Ito wear of carbon

powder, may include chunks
or slivers.

Varies in color and can be
fibers or peelings or plating-
like particles.

be significant.

Variable

seals. Usually, other operational

symptoms occ

ur, such as

increased oil consumption,
smoking, filter bypass, or leaking.

Manufacturing debris or coating

peeling.

Note: Dimensions are in inches.

FIGURE 5 - Oil Debris Classification Chart
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_»

Type "A" Debris

SteelElak

Type "A" Debris

o
SteeT T TanRes

Type "A" Debris
Steel Flakes
Mixed with Bronze

Type "B" Debris
Granules
(Coffee Grounds)

Type "C" Debris
Chunks
Magnetic

Type "C" Debrjs
Chunks
Magnetie

Type "C" Debris
Fragment Magnetic
Safety Wire

Type "C" Debris
Fragment Magnetic
Clutch Spring

Type "D" Debris
Flakes
Bronze

Type "D" Debris
Fragment
Bronze

Type "D" Debris
Flake
Bronze Mixed with Carbon

FIGURE 5A - QOil Debis Photographs Type A-D
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Typg "E" Debris Type "F" Debris Type,"GY Dgbris
Tutning, Sliver Chunk FoikNon Magnetic
Splintter, Wire-like Turning Sliver
Hair-like

Typ¢ "H" Debris Type-1" Debris Type "J & K" Pebris
Aluminum or Magnesium Carbon Chunks Paint Ch(p
Flakes, Granules Sand & Oirt

or Fragments

Type "J & K" Debris Type "L" Debris
Paint Chip Fibers
Sand & Dirt

FIGURE 5B - Oil Debris Photographs Type E-L
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INSPECT DEBRIS FROM

CHIP DETECTOR

y

DEBRIS INCLUDES MORE THAN 10
STEEL FLAKES OR CHUNKS OR 10

PARTICLES (NOTE 3)

BRONZE CHUNKS OR 100 GRANULAR

v

DEBRIS INCLUDES MAX/MUM OF 10
STEEL FLAKES OR CHUNKS OR 10
BRONZE CHUNKS OR 100
GRANULAR PARTICLES (NOTE 3)

v

PERFORM

4

v

SERVICEABILITY
CHECK (NOTE 2)

.

LARGE QUANTITIES
OF OTHER DEBRIS
. FOUND (NOTE 1)

OIL COQLER.

DRAIN OIL TANK,

RESERVICE SYSTEM

INSPECT DEBRIS
FROM CHIP DETECTOR

DEBRIS INCLUDES MAX/IMUM OF
5 STEEL FLAKES OR CHUNKS OR
5 BRONZE CHUNKS OR'25
GRANULAR PARTICLES

DEBRIS INCLUDES MORE
THAN 5 STEEL FLAKES

OR CHUNKS OR 5 BRONZE
CHUNKS OR 25 GRANULAR
PAR[ICLES OR LARGE
QUANTITIES OF OTHER

DEBRIS
v

REPLACE
ENGINE

NOTES

OPERATION

RESUME NORMAL

1. DEBRIS CAN INCLUDE SLIVERS, SPLINTERS, METAL WIRE OR HAIR, CUTT|NGS,

TURNINGS, CHROME FOIL, SILVER FOIL, ALUMINUM, MAGNESIUM, CAR
CORROSION PRODUCTS, AND DIRT.

WON,

2. DRAIN AGB, OIL TANK, OIL COOLER. RESERVICE SYSTEM. HAVE QUALIFIED PILOT
START AND RUN ENGINE AT FLIGHT IDLE UNTIL TEMPERATURES STABILIZE. CHECK
INSTRUMENT READINGS. THEN HOVER FOR 30 MINUTES.

3. REFER TO TABLE 6-5 FOR DEBRIS CLASSIFICATIONS.

IF FRAGMENT CAN BE IDENTIFIED AS PIECE FROM SPECIFIC
INTERNAL PART, REPLACE ENGINE.

FIGURE 5C - Engine Oil Contamination Troubleshooting Chart
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5.2

(Continued):

The most widely used debris monitoring methods and the respective particle size ranges

in which

they are most effective are:

a. Magnetic chip collectors: 50 to >1000 ym

b. Elect

ric chip detectors: 50 to >1000 pm

c. Ferrography: 1to 100 ym

d. SOA

For failute modes that produce debris in more than one of these size ranges

thereforg
can help
repair.

There ar

which small particles are generated much later than*large particles and vice-

therefore
manufac]
usually f
special g

It should
A “large”
particle g
referenct
includes
can havs

The ems
definition
their indi

10 ym

, obtain corroborating information from two or three different techniq
significantly in making the decision to remove the engine or engine

e, however, failure modes that produce only large or only small part

, important to understand that the user,.in<ollaboration with the eng
turer, must decide how to complement the on-aircraft debris monito
bund on the engine as standard equipment with other techniques to
perational requirements and capabilities.

be noted that debris particle‘size” or “size range” are ambiguous ¢
particle collected on a c¢hipcollector may be 1000 pym in length, wh

ollected in an oil sampleis likely to be less than 100 ym long. Whil

bd by the largest dimension of the particle, the volume of the particlg

the other two dimensions, determines the mass. Particles with the
a great range of’masses.

rging geneération of electronic debris sensors (see 5.4.6) requires a
of theirsensitivity than “particle size”. When their operating princig
cationsensitivity is less a function of particle size than of mass, sha

the user can,
jues. This
module for

cles orin
versa. ltis,
jine

[ing devices
suit the users'

assifications.
le a “large”

B size is often
b, which
same length

better
le is inductive
pe, and

magnetid

properties of the debris material. Oil flow velocity and viscosity mg

y also play a

role. Therefore, the performance of such a system should be defined in accordance with
the operating principle of the device.
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5.3 Filtration Considerations for Oil Debris Monitoring:

The benefits of improved filtration for longer bearing life are well established (see 2.1.10
and 2.1.11) and widely accepted. For this reason, there is an increasing trend to use finer
filters on aircraft gas turbine engines. Currently, several modern engines incorporate a
filter elements with a rating of 3 um absolute while many others have gone to 7 and 10 ym
absolute. Field experience with fine filtration has demonstrated that spectrometric oil
analysis (SOA) becomes ineffective.

The tren ifes in the field
for which traditional off-aircraft debris monitoring methods will be of limited effectiveness.

This has|stimulated the development of more sensitive spectrometric techniques, such as
plasma gpectrometers.

Fine filtration enhances the effectiveness of magnetic chip collectors, electri¢ chip
detector$ and debris-capturing inductive sensors since it reduces recirculating, non-
significamt debris generated by normal wear.

5.4 On-Aircraft Debris Monitoring:

On-aircraft debris monitoring techniques are based on sensors or debris collectors that are
permangntly installed in the engine lubricatiof'system. Some collect the debris for later
inspectign while others do not. On-aircraft'debris monitoring techniques can be
augmented by off-aircraft analysis of cellected debris. Sensors may further fequire signal
conditiorfers, software, cockpit readouts, maintenance-crew alert devices anfl/or interface
hardware or software with engine-monitoring systems. The main advantageg of on-aircraft
debris mpnitoring methods are to provide diagnostic capability either on aircraft or at line
maintenance.

All on-aifcraft debris monitors rely on the debris transport characteristics of the oil system.
All respand to debris)in*a size range considerably larger than the separation |capability of
the oil filler and are; therefore, installed upstream of the filter. The proper urderstanding
of the capabilities:and limitations of the debris sensor is essential to its effecjive operation.

The prohQability of detecting an incipient failure increases with the amount of debris
available o the sensor. Figure 6 shows a section of a typical engine oil system schematic
with a debris generating site, pump screen, scavenge pump, and debris sensor to illustrate
this relationship. The debris available for detection at the sensor site depends on the
transport efficiency of the oil system.

As Figure 6 illustrates, the debris transport efficiency nt determines what fraction of the
debris generated by the source arrives at the sensor location. It depends on oil system
layout, fluid velocity, and particle size. For example, the scavenge system shown in
Figure 6 traps all particles larger than the openings of the pump screen. Its nt for this size
range is, therefore, equal to zero. Additionally, in an actual lubrication system, particles
can stick to cavity walls, be trapped in corners, or sedimented in bearing compartments,
sumps, and reservoirs. They can also be mangled.
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INCIPIENT
FAILURE OCCURS
/HERE

X

/ ) S
/
PUMP INLET
SCREEN SCAVENGE
PUMP

\DEBRIS

SENSOR

“_9

PARTICLES TO POINT [ A

TRANSRORT EFFICIENCY Nt = PARTICLES GENERATED
CAPTURE EFFICIENCY Ne= :::::f:ti: 3: :gls:fs‘hs"snson
INDICATION EFFICIENCY Ni = ::21:&22 g‘NDItc):EA;:I'; SENSOR
DEBRIS |DETECTION PROBABILITY

MNa=Nt-Ne-Mi = ::::I'Il(c:tiz ézr::::\fso

FIGURE 6 - Factors Influencing Debris Detection


https://saenorm.com/api/?name=d7e9f644e5997eb9bfd8293dcba2b976

SAE INTERNATIONAL AIR1828B Page 25 of 53

5.4 (Continued):

The debris capture efficiency nc applies to sensors that capture the debris for failure
detection (e.g., magnetic chip collectors, electric chip detectors, particle-capturing
electronic debris sensors). It is a function of sensor characteristics, particle size and
material, fluid velocity, and, most important, the design of the cavity or pocket in which the
sensor is located. Debris capture efficiency is enhanced by passing the entire oil flow
through the debris monitor (full flow debris monitoring) and by including positive means to
separate the debris from the oil. Figure 7 illustrates how widely nc can vary as a result of

cavity d

The deb
particle g

The over

and corrq
the failur

Effective
and devd

debris transport and/or capture efficiencies are low, as is the case in many 0

the sens
system n
few largsg
functiond

The reqy
system g
bearing s
failure dq
capabilit

Sign, everything etse being equat.

is indication efficiency n, represents the sensitivity of the sensor-an
f given size or mass, shape and material.

all debris detection probability is given by Equation 1:
Np = Nt Nc N

bsponds to the fraction of particles indicatedversus those that are g
e site.

diagnostic capability requires optimizing these quantities during oil
tlopment and, if possible, measuring them through oil system rig tes

tivity n, of the sensor must pe-high to compensate for it. This, in tur

particles may not be detected in time to avoid secondary damage
lity.

irement to detect'more failure modes with greater reliability increast
ost. At the-same time, the requirement for fault isolation to an engi
set requires 'multiple sensor locations. In an advanced system, the

ptection:(requiring one sophisticated sensor and in-flight signal proc
) andvisolation (requiring several sensors for ground checkout only

| system to a

(Eq. 1)

enerated at

system design
ting. If the
Ider engines,
n, makes the

hore susceptible to false-alarms. Even then, incipient failures that r¢lease only a

br loss of

bs sensor and
e module or
unctions of
BSsing

can be

separate

dfor increased cost-effectiveness. Such a "master/slave" system ig

incorporated

in Figure 1. A high-performance full-flow debris monitor ("master”) is installed in the main
scavenge line. For the purpose of failure isolation, additional probes ("slaves") are located
in each of the main shaft bearing return lines and in the accessory and reduction
gearboxes, if applicable. These can consist of simple magnetic chip collectors whose
capture efficiency is kept low so as not to interfere with the operation of the master

detector.
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SCREEN MESH)

SCREEN-TYPE
FULL-FLOW
DEBRIS MONITOR

FIGURE 7 - Capture Efficiency for Debris Particles
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5.4 (Continued):
The category of on-aircraft debris monitoring devices includes the following:
a. Magnetic chip collector
b. Electric chip detector

c. Pulsed electric chip detector

d. Screen-type full-flow debris monitor

e. Centfifugal debris separator

f. Indugtive particle counter/collector (Quantitative Debris Monqitor)
g. Indugtive flow-through oil debris monitor

h. Indugtive ferrous particle sensor/collector

i. Electrostatic oil debris monitor

Items a through d are well-established and-widely used. ltem e is a high-efficiency device
used to geparate debris from the oil and:deposit it on a debris collector or sensor. Items f,
g, h, and i belong to a new generation-of electronic debris sensors, which arg¢ in service or
are being developed.

With the [recent advancements'in flow-through monitors, particle retention must not be
forgotten. Recovering debris from the sensor that generates the indication dives
additiondl diagnostic and prognostic information. If flow-through sensors arg used, a high
efficiency debris capturing device downstream of the sensor should be incorporated.
Additionally, it establishes the credibility of the monitoring system to allow vefrification of
signal by inspection of the debris.

5.4.1 MagneticChip Collector: Also referred to as magnetic plugs or magnetic ¢hip detectors,
these devices have been used in gas turbine engines since the mid-1950s. They are
usually installed in main or individual scavenge lines and accessory or reduction
gearboxes. If located below the oil reservoir level, they should have self-closing valves,
which permit the inspection of the magnetic probe without the need to drain the oil.
Figure 8 shows an example. Most units manufactured today have high-reliability quick-
disconnect locks, which eliminate the need for tools or lock wiring. Rare-earth magnets
are used increasingly to enhance magnetic strength and chip capture efficiency.
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5.4.1

(Contin

The pe
in relat
coordir

generdllly 125 to 500 hours where chip collectors are used as primary failu

device
may be
experiq

FIGURE 8 - Magnetic Chip Collector witih Self-Closing Valve
ued):
riod between inspections.of the magnetic chip collector(s) of an eng
on to its known failute modes and is the result of in-service experie
ation between engine manufacturer and user. Intervals vary widely
5. If a problemexists, more frequent inspections (even daily or aftef
justified foca short period of time. Inspection intervals can be exte
nce is gained and the engine type matures.
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without the need to open engine cowlings. Poor accessibility results in checking of
magnetic chip collectors at infrequent intervals or only when an incipient failure is
suspected (for example, after abnormal SOA readings).
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5.4.1

5.4.2

(Continued):

The engine maintenance manual should include good illustrations of typical debris (see
Figures 5A and 5B for an example), together with guidelines relating debris particle size
and quantity to likely failure mode and severity. This enhances the effectiveness of
magnetic chip collectors considerably, since maintenance personnel can compare

appearance and quantity of collected debris. However, removal decisions
accurate if maintenance personnel are experienced in debris interpretation

are more
(especially

concerning the engine model in question and its predominant failure modes) or can get

supportfrom a taboratory facitity.

The proper location of magnetic chip collectors within the lubrication-,systeim is essential

to high|chip capture efficiency. Magnetic chip collectors should, therefore,
well-dgsigned "pockets" or inside full-flow debris separators (see)Figure 7
Since nagnetic chip collectors are relatively inexpensive, they,ean be instg
effectiviely in different parts of the engine, such as individual scavenge line
accessory or reduction gearboxes. This makes failure/isolation possible.

Sophisticated and very effective oil debris monitoring'methods have been

around magnetic chip collectors (see 2.1.1 and,24.7). They involve transf
recording, and quantification of collected debris for trending and analytical
diagnokis and fault isolation. These techniques are more fully described in

Magnetic chip collectors are most effective for the detection of failure mode
uction of large magnetic patticles (100 um and larger) such as suri
spalling of bearings, gears, and-pump elements. Where provisions have b
means|of special "pockets" to reduce oil flow velocity and/or separate debr
centrifugal action so that debris capture efficiency is very high, smaller deb
will alsp be collected in-sufficient quantity. This will allow magnetic chip co
effectie for detection offailure modes that generate predominantly small
as beafing skiddingy:gear and pump scoring, spline wear, and rotating bea

Electri¢ Chip Detector: Electric chip detectors are essentially magnetic chi

be located in
or examples).
lled cost-

5 and

jeveloped

er, retention,

techniques for
5.5.2.

s involving
face fatigue
een made by
is through

ris particles
llectors to be
articles, such
ring races.

p collectors
s and are

with elgctriccontinuity indication capability. They are used in many enging

requiredffor some military turbojet and turbofan engines by MIL-E-5007D gnd JSSG-

2007, and for turboshaft and turboprop engines by MIL-E-8593A.

Remotely indicating chip detectors are usually wired to cockpit or maintenance panel

indicators. Their main advantages are immediate response and absence of scheduled
inspections. To simplify removal for visual inspection after a chip light occurrence, self-
closing oil shutoff valves are usually incorporated. This type of chip detector is used in

some helicopter engines, some propulsion engines for commercial aircraft,

single-engine

aircraft with gas turbine engines, and some military long-range patrol aircraft.

Chip detectors for ground checkout, with simple touch-to-test terminals, are used in older
U.S. military turboprop engines. Continuity checks must be carried out at frequent

intervals.
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5.4.2 (Continued):

The chip sensitive area of an electric chip detector consists of two electrodes and a
magnet to attract magnetic debris (Figure 9). The electrodes are bridged if enough
debris has accumulated, either in the form of a few large particles or many smaller ones.
The spacing between these electrodes is generally 1 to 4 mm (0.04 to 0.16 in),
depending on engine type (shaft speed, load, and gear train characteristics), degree of
oil filtration (finer filtration permits smaller gap spacing), and criticality of failure mode.

FIGURE-9 - Electric Chip Detector

As in the case of magnetic chip collectors, provisions must be made in the|lubrication
system to ensure effective chip detector installation.

To proyide assistance in the decision to remove the engine for repair, engine
maintehance manuals should contain instructions for debris interpretation {see Figure 10
for an examiple).
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NOTE

DURING NORMAL ENGINE OPERATION, SOME BUILDUP OF FUZZ-LIKE MAGNETIC
PARTICLES WILL BE FOUND ON THE CHIP DETECTOR WHEN IT IS REMOVED AND

INSPECTED.

OTHER MATERIALS SUCH AS NONMETALLIC SLUDGE, METALLIC SLIVERS,

NONMAGNETIC FLAKES, BRONZE POWDER, OR MACHINING CHIPS (THE LATTER ESPECIALLY

ON NEW ENGINES) WILL BUILD UP ON THE DETECTOR.

SHOULD NOT BE CAUSE FOR ENGINE REMOVAL.

THE AMOUNT WILL VARY BUT

FIGURE 10 - Maintenance Manual Excerpt for Chip Detector Debris Interpretation
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5.4.2

543

544

(Continued):

A serious drawback of electric chip detectors is that they have a high false-alarm rate
due to non-critical debris (normal wear particles or debris left over from manufacturing or
repair activities). They also have no trending capability since they generate only an
on/off signal (one bit of information). This restricts their usefulness as an input device
for an EMS. False alarms are mainly caused by background debris especially with
newer engines. False alarms can be reduced by improving oil filtration and cleanliness

during

engine buildup to reduce background contamination.
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br than 15 um), false chip indications of electric chip detectors,are p
by buildup of fine, non-significant wear debris on the chip detector.

can be suppressed by delivering a current pulse to the-chip detecto

the fine debris or the contacts between small debris particles. This
ignificant, failure-related debris, which has a larger/cross section. T
an be initiated automatically when the gap is bridged, or manually b
ip light illumination.

s have found acceptance in helicopter transmissions and some en

tion of fine debris at an increased-rate, causing more frequent indic
bearing failure, a pilot-initiated:System permits limited trending. For
 systems, such trending is also possible if the current pulses are re

-Type Full-Flow Debris Monitor: In engines of older design, the ch
bn installed in scavenge lines or accessory gearboxes with no provis
ris other than ,by“magnetic attraction and sedimentation. In such in
f the debris-Can bypass the chip detector and find its way into the oi
ise delayed or unreliable failure detection.

pw debris monitor is designed to screen the entire scavenge flow.

failure

Electric Chip Detector: In lubrication systems with conventional fillration levels,

redominantly

r, locally
does not
'he current
y the pilot

ines. Since
tions, can
automatically
corded by an

their simplicity and success in dealing with false indications of this{pe, these
i

p detectors
5ion to capture
stallations,
filter. This

This increases

Hetection efficiency (Reference 2.1.3). Figure 11 shows a screen-ty

pe full-flow

debris monitor Tor a modern furboshaft engine.” The screen can be removed for
cleaning. Located inside is an electric chip detector. The screen openings are on the
order of 0.5 mm (0.02 in), giving the device a capture efficiency of 100% for particles
above that size. Such units are also in use with self closing valves and with separate
housings for installation in external oil lines. They can function as scavenge pump inlet
screens.
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FIGURE 11 - Screen-Type Full-Flow Debris Monitor

5.4.4 (Continued):

Screerns are available that.can also indicate the presence of metallic debri$. Indicating
screenp are based on a'mesh woven from conducting wire and insulating $pacers with
the minimum particle size threshold determined by the size of screen openjngs. They
indicatg ferrous andinon-ferrous conductive debris. Indicating screens are|often used in
conjungtion with electric chip detectors.

5.4.5 Centrifugal.Debris Separator: Centrifugal debris separators have been dgveloped to
achieve @high level of capture efficiency. This is particularly useful in systems that
generate very small amounts of normal wear debris. 1t Is placed In the full scavenge flow
path. Itis used in conjunction with some type of debris sensor.

An example is shown in Figure 12. Its tangential inlet nozzle creates an internal vortex,
which separates the entrained debris effectively down to about 100 pm with some
pressure drop (Reference 2.1.4). An additional feature is its ability to efficiently de-
aerate the oil by means of a separate air exit nozzle, thus combining two functions. This
feature is optional and does not affect debris separation.
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FIGURE 12 - Centrifugal Debris Separatorwith Oil System Deaeration Capability

5.4.5 (Continued):

Since the internal vortex is driven hydraulically, the unit must be installed dn the
pressufe side of the scavenge pump. The pressure drop must be taken info
consideration in the oil system design. The debris sensor can consist of almagnetic chip
collector, electric chip detector, or other debris-sensing device.

5.4.6 Electranic DebrissSensors: Two of the most characteristic parameters for pn-aircraft
detectipn of ap:incipient failure are the rate of debris production and particle size range.
Trending these parameters permits detection with high reliability and can help in
detern"{;ning how long the engine can be used safely.

An emerging category of electronic debris sensors uses electrical inductance as their
operating principle. Particles are either counted individually, or their total accumulation
is measured. Both methods can provide information about rate of debris production and
particle size range.

A second category of sensors are those that detect the electrostatic charge associated
with debris in the oil system.
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5.4.6

5.4.6.1

(Contin

ued):

There are two different types of devices: sensor/collectors that capture the particles,
indicate them and retain them for later inspection; and flow-through devices that do not

collect

the particles.

Unlike most chip detectors, electronic debris sensors can follow the failure in progress
and can, therefore, provide data that allow trending and prognosis. This requires the
development of algorithms for maintenance crew (or even pilot) alert. Such algorithms
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bration (Reference 2.2.1).
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ature, vibration, and EMI. In‘erder to minimize false indications und
ng conditions, the sensitivity of the debris monitoring system may n¢
d significantly, compared-to test stand experience. Therefore, in-se
nce provides the ultimate verification of on-aircraft debris monitorin
nance.

tive Particle Sensor/Collector: Figure 13 shows a quantitative deb
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m consisting of an inductive magnetic sensor, centrifugal debris separator and a

ponse to the

| of discrete ferrous particles whose mass are in excess of a pre-set detection

thres

hold. The sensor can be installed inside a centrifugal debris separg

tor as shown

or in other high-efficiency scavenge system pockets 10 enhance debris capture
efficiency. It collects debris particles and makes them accessible for visual inspection
and optional transfer to a laboratory for additional analysis, like a magnetic chip
collector. Users can, therefore, apply established techniques to verify and diagnose
failures in progress. The sensor has a built-in test (BIT) feature that can be initiated by
the EMS to verify system operability in the absence of debris signals.
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FIGURE 14 - Flow-Through Inductive Debris Monitor
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5.4.6.2 Flow-Through Inductive Debris Monitors: Several types of flow-through inductive
debris monitors are available. These devices are typically non-intrusive, consisting of
one or more inductive coils enclosing an oil line. A metal particle in the oil stream
causes a change in the inductance of the coil(s) as the particle passes through. This
change is used to measure the volume and magnetic properties of the particle. Since
the density of most materials used in bearings, gears and other load bearing, oil
wetted components is similar, the devices effectively measure particle mass. For
ferromagnetic particles, the mass, the magnetic susceptibility of the material, and

5.4.6.3

54.6.4

shape of the particle determine the magnitude of the signal. For non-ferromagnetic
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stream of the sensor for debris signal verification.

tive Small-Particle Sensor/Collector: As discussed previously, som
S in gas turbine engine bearings (e.g., skidding and cage wear) pro

pr collects all magnetic particles and provides a signal that increase
cted mass. By recording the signal by means of associated electror
are, the system also indicates the arrival of discrete, large particles

les, regardléss of size. A BIT feature is included. The effectivenes|
br is greatly~enhanced by installing it inside an efficient debris separ
et” to provide the necessary high debris capture efficiency for smal

Elec

ude of the
icles can be

nitude,

in terms of
tection

bing more

ce

e failure
duce only

fine, flour-like debris until'the bearing is destroyed. The inductive sinall-particle

5 with total
ics and
and is,
ebris

s of this
ator or
particles.

ostatic Oil Debris Monitor: The technique is still under developmen

t, however,

there

IS evidence that the electrostatic charge present on oil debris Is ger

erally greater

as a result of freshly generated wear particles. This means the system is inherently
less sensitive to benign system build debris, which is advantageous in terms of false
detects. Other advantages of this technique are that the sensor detects most material
types (including ferrous, non-ferrous/metallic and non-metallic, e.g., ceramic) and a

wide

range of particle sizes.
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5.4.6.4.1

54.6.4.2

Oil-line Sensor: This is a full-flow oil-line sensor, which needs to be installed in the
oil-line where a representative sample of wear debris particles will pass through the
sensor. The sensor is passive and non-intrusive; it comprises dual ring elements,
which are sensitive to the electrostatic charge on the wear debris. The sensor
system computes velocities associated with the wear debris and its output may be
broadly related to the size and quantity of wear debris present, although the system
does not currently provide specific particle sizing information.

Wear-site Sensor: The electrostatic wear-site sensor utilizes the same detection
primct fi=ti ; s fOTT ent specific,
the|sensor being mounted in the vicinity of oil-wetted component contarting
surfaces. Sensor trials have demonstrated that ‘pre-cursor’ electrostat|c charge
events may be detected at the earliest stages of component degradation. These
charge events appear to be linked to component degradationystages injadvance of
wear generation, for example surface cracking/tribo-emissions, localizgd changes in
surface chemistry (for example, white layer formation)&@nd so the weartsite sensor is
capable of providing a wide prognostic view of compoenent condition. Ifis also
relevant for monitoring critical components, which.are prone to rapid dgterioration
and/or hazardous component failure.

5.4.7 System Performance Verification: System performance can be verified in three different

ways:

a.

Flow-stand testing using a simulatéd engine lubrication system. This requires the
usg of standardized, reproducible test particles and a mechanism to inject them into
thelflow in a way that simulates a failure in progress as closely as possible. The
stapdard test particles shoutd be made from a material that is identical to, or at least
simulates, the materials'of engine components that are subject to failu:|e.
Funthermore, the test particles should have shapes and sizes that are fepresentative
of gctual debris particles.

Bearing rig testing. The performance of a debris monitoring system cap be verified
by |nstalling:it in a bearing test rig, downstream from the bearing. Carg must be
taken thatthe oil system actually transports all debris particles to the s¢nsor. This is
usyally'not the case with simple oil collecting pans scavenged by gravity. Preferably,
the Testrig should resemble the engine installation. The bearing is artticially
damaged to accelerate the test, and often operated at higher-than-design loads,
speeds or temperatures. The criterion of success for the debris monitoring system is
whether it indicates the failure in a timely manner, and whether its signal (output) is
comparable to the actual number or mass of those particles that arrived at the
sensor location and that exceeded the sensitivity threshold of the sensor.
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5.4.7 (Continued):

C.

Engine development testing and in-service experience. Because failures can

generally not be induced in engines under development, and certainly not in in-
service engines, final performance verification must await the inevitable occasional
in-service failures. Under engine operating conditions, during development or in-
service, unanticipated failure modes may occur. The criteria for the performance of

the

debris monitoring systems are:
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generally that the more sophisticated instruments used, the more information provided.

These te

chniques include:

a. Spectrometric oil analysis (SOA)

b. Quantification and analysis of debris from magnetic chip collectors

c. Filter

debris analysis

d. Ferrography
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5.5

5.5.1

(Continued):

e. Laser particle shape classifier

f. X-ray spectrophotometer (X-ray fluorescence or XRF)

g. Scan

ning electron microscope (SEM/EDAX)

Off-aircraft debris monitoring techniques involving oil sampling are affected by the degree

of oil filtr
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ring method. A small oil sample is taken from the engine and transj
pry where the suspended metal particle content is determined spec
er million or even parts per billion. The results are automatically reqg
lerized instrument and compared to pre-determineddimits, or are co
brmats that can be used for determining requiredymaintenance actio|
plot.

thnique relies on the fact that oil wetted.components, under certain
ated wear, produce larger-than-normal quantities of fine wear partid
away by the oil. This leads to an.increase in wear particle concent

ectrometric analysis involvestdetermination of the light spectrum ge
ple as it is burned. Trage element content is determined by the freg
y of the resultant spectral'lines. Two types of instruments are comr
ed. Both are emissian spectrometers. The first type is a rotating d
atomic emission-spectrometer conforming to ASTM D 6595. The s6
ctively coupled plasma (ICP) atomic emission spectrometer conforr

emission spectrometers vaporize a small portion of the oil sample ¢

[t oil condition
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and photomultiplier tubes or solid-state light sensors. These are lo
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points where specific spectral lines of interest are projected.

The RDE spectrometer uses a rotating carbon electrode that dips into the sample and
carries it to the spark gap where an electric arc is struck between the top of the rotating
disc and the tip of a carbon rod electrode. New electrodes are used for each sample to
eliminate cross-contamination. Results are obtained in parts-per-million (ppm).
Samples need not be diluted and can be processed quickly. This method is the most
commonly used in the military. Field mobile RDE spectrometers are used at military
airfields and shipboard by the Navy.
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5.5.1 (Continued):

ICP spectrometers are characterized by higher vaporization temperatures than RDE
spectrometers. In the ICP, the plasma is ignited with a radio-frequency source. It is the
more sensitive of the two emission spectrometers, giving results in parts-per-billion for
some elements, e.g., copper. However, the ICP requires sample dilution with kerosene
or toluene and requires a laboratory environment and more highly skilled technicians for

operation. Commercial labs mostly use ICP.
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bl requirement for the successful application of spectrometric oil ang
oil monitoring is careful and consistent oil sampling«methodology.
entative oil samples, taken with clean sampling-egquipment, must be
ntly often to allow meaningful data trending.

ng intervals may vary from as short as one’sample per flight on som
tions to more than 50 flight hours on some commercial aircraft prog

brations for the engine being monitored. For example, a joint Europ
lium has established and proventhe effectiveness of an 80 flight ho

. The most commen method used by airlines involves samples tak
rt with a sampling.tube extended to the center of the oil tank (Figure
| involves the use’of special sampling valves (Figure 16). The U.S.
s, through_their Joint Oil Analysis Program (JOAP), have developed
ng kits for-all military equipment in the program. They consist of a 1
nd polyethylene tubes in two different lengths. Sampling is perform
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tank drain fittings, procedures should be used to avoid unrepresen
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sampling (€.g-, flushing the fitting before sampling).

It is recommended that samples be taken no more than 15 to 30 min after engine
shutdown. Oil samples should be taken in roughly similar locations and at established
times after shutdown to assure maximum consistency. Sample tube and container
cleanliness is also very important.

Contamination in the sampling equipment can produce erroneous analyses and lead to
unnecessary maintenance actions.
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\

Introduce| plastic tube
into the center of oil tank

« Rolyéthylene bottle equipped with
polyethylene tube

4 250 ccm contents - Fill to 100 ccm

« 'Dispose of the tube after use - Stop bottle

« Inscribe S/N of A/C engine, position and date pn bottle

FIGURE 15 - Airline SOA Sampling Method

FIGURE 16 - Oil Sampling Valve
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