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Proactive Maintenance is the 90s Cost Reuction Strategy
for Diesel Engines and Gas Turbines

By James C. Fiich
Diagnetics, Inc.

Introductioh

The field of maintenance fechnology
is going through a revolution of change.
Gone are the days when a machine had
a predictable service life, after which it
was replaced, centinuing the cycle.
Today, machinery and equipment can
be maintained to achieve useful
operating lives many times that
attainable just a few yedrs ago.

Theeighties borethe populat practice
of predictive maintencnce and condition
monitoring tocombat rising maintenance

costs. In the nineties, we implement
predictive maintenance with greater
confidence and precision. These early
warnings have proven effective at
reducing the magnitude of failure and
amount of unscheduled downtime;
however, noredalprogresshasbeenmade
inreducing frequency. Any maintenance
stricdegytargeting the reduction of failure
frequency must address the fundamental
causes of failure. Such a strategy of
eliminating causes would be “proactive’

to failure, not “reqctive” fo failure.

This approach, known as proaciive
mainienance, is the latest and most
promising wave of new mainienance
technology. Its fundamental and logical
approach seems likely to garner deeply
enirenched inroads into the cost-driven
maintenance indushry this decade. Case
studies documenting cost reductions
exceeding 90% have provided a solid
lead for others to follow seeking similar
Savings.
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~ Situation Analysis

: enanengine operates atfullspeed,
&tou one of two things is happening
internally. It is either slowly deteriorating
through the processes of wear, corrosion,
fatigue, etc., or it is sfgble in its
environment. If it is deteriorating, then its
restducl operating life is shortening. If it is
stable, then its residual operating life
remains unchanged. These are the only

. two options, Foe unstable conditions, the
cost of maintenance is generally
proportional to the rate of deterioration
and the ability to predict failure,

The objective: Health Stability,
- Life Extension, and Failure
‘Prediction

The maintenance objectives, in order
of importance, must be;
1. Health Stability - maintain stable
non-deteriorating, non-degrading
- operating conditions.
t. 2, Life Extension - reduce the rate of
» machine deterioration and decay, and/
-0,

ie)

J. Failure Prediction - with high
confidence, using moniforing techniques,
predictwhenamachineisneartheend of
its operational life.

Obviousty, objective No. 1 is the ideal
since its success would lead to no
unscheduled downtime, no component
replacement, and no chain-reaction
failures. The second objective oifers
extended machine lifte (MTBF)which leads
to attractive cost savings. The third
objective offers some reduction in
unscheduied downtime ¢nd chain-
redction failures, A combination of the
second and third objectives vields longer
machine life plus failure prediction.

The Strategy - Proactive
Maintenance

It a4 machine is not near or
approaching the point of failure, the
application of predictive maintenance
testing will indicate a “green light”
condition: no alarm, no corrective action,
no maintenance. Resiated, when a
machine s experiencing normal or even
higher than normal degradation (wear),

predictive maintenance techniques, such
as vibration or wear-debris analysis, will
generally detect nothing. Instedd,
predictive maintenance, while vatuable,
is keyed 1o identifying near-failure
conditions to avoid sudden catastrophic
failure. In many cases, predictive
maintenance is ineffective at even
identifying impeding failure as stressed
by one report presented at the 3rd
International Conference on Condition
Moniforing (1990), "63% and 78% of qll
faults in compressors and turbines
respactively do not cause a change in
vibraiions”, :

In contrast, proactive mainienance
stresses the monitoring of conditions, not
failure liself (see Figure 1). Abnormal or
unhealthy conditions are the precursors
to fallure (root causes). The imple-
mentation of proactive main-tenance has
the potential to exiend a machine’s life
(MTBF) by more than ten times. Proactive
maintenanceisthemaintenancestrategy
that extends machine life by monitoring
and correcting failure root causes. Many

cases of such successes have now been

documenied,

mputerised maintenance.
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The Tactic - Proactive
Contamination Control

Arecent DODreport stated that *30% of
all (gas turbine) engine failures are
coused by metallic particle contamination
in the lubricating oil systems®. How can
this be? These metallic particles were not
indigenoustothelubricant, orsowehope.
In reality, metallic particles are a by-
product of wear and progressive failure,
not the cause. Such progressive failures
most typlcally occurred as a result of a
failure of the lubricant to protect critical
surfaces from contaminant and adhesive
wedar.

What causes « lubricant io fail?
According to a host of experts,
contamination is the number one cause
of lubricant failure. According to the
Proceedings of the 20th (1991)
Turbomachinery Symposium, “Bearing
farilures due to dirt in the oil system is one
of the most common causes of fallure”,
While some contamination is solid free-
of-charge along with lube cil when new,
most often contamination enters the
lubricant 1ater by ingressing from the

_machineenvironment. Solid particiesand

moisture are the most harmful to turbines
and bearings (see Figure 2). According to
General Flectric, "Religbility and
maintainability are a function of
coniarninationcontroland contamination
control leads to- a long life”.

Historically, with diesel engines, there
have been many misconceptions

. regarding the Influence of contamination

on service life. Hence, filters with very
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Figure 1.

poor efficiencies have been, and still are,
frequently specified for engine lube ois.
However, from d number of imporfcani
new field and lab studies, we can now
conclude that lube oil contamination is
the primary cause of engine wear that
begins what is referred to as the chain-
recction to failure,

In diesel engines, high local stresses
associated withsliding contactwear result
in abrasive removal of material suriaces,
When loads are concentrated on the
effective area of a small particle, the
resutting surface stresses can be greater
than 500,000 psi far beyond the elastic
iimit of substraie materials, Oil film
thicknesses, between which particles can

CONTAMINATION -
Dirt » Moisture » Air » Heat

Proactive

maintenance
FLUID DEGRADATION
Viscositye Lubricity « Additives

WEAR & SURFACE FATIGUE Predictive

Abrasion » Adhesion » Erosion » Corrosion + Cavitation maintenance
MACHINE FAILURE Breakdown

Leakage * Jamming s Vibration ¢ Performance Loss » Misalignment ¢ Efficiency maintenance

' Figure 2,

reach and attack surfaces, are fypically
inthe 10micron range. This explainswhy,
according to a wear study bat Cummins
Engine, particles smailler than 10 microns
generated about 3.5 times more wear
(rods, rings and main bearings) than
particles greater than 10 microns.

The monitoring and control of
contamination in lubricaiing fluids is a

‘proactive maintenance activity {see

Figure 3). Since contaminationis a"cause’
of wear and fallure, exceedingly clean
fluids proactively lead to exceedingly
reliable and long-lived machines. The
tactic of targeting clean fluids, installing -
capable filtration/separators, and
frequent contaminant monitoring makes
great sense in diesel and turbine engine
maintenance. Thearlicle, "Contaminaition
Control in Turbormachinery Oil Systems” .
by Finley Steele (Journai of the American
Society of Lubrication Engineers), siates
“pericdic checks on the levels of various
contaminants are essential to insure
adequate {coniamination) control. The
four principal coniaminarnts to be
monitored are, in order of importance,
solid particles, water, aclds, and lowe-
boiling hydrocarbons”,

Rating the Contamination Control
Program

The meaning of contamination control
to one person is frequently different than
what it means to another. Many people
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will say they do responsible

" contarnination control maintenance, yet,
- fopadt 50 obvious reasons, their efforts fall

- f any real savings or extended
; machine lives. Contamination control is
not a matter of doing or not doing in a
¢ generic sense, What really matters is how

-mainienance.
confamination conirol as a plant
* maintenance activity can be categorised
- as follows:

R

f‘ ciean the fluids are and how rigorously
i this cleanliness is maintained, not simply

routine
The

performing preventive

guality  of

. Passive Contamination Confrol.

Filters and fluids are changed
infrequently. No schedule is observed, no

- accountability, Fluid cleanlinesslevels are
% not measured. '

| Reactive Contamination Control.

Filters and. fluids are changed
ccording to available manpower,
udgets, and the frequency of machine
problems. There is no regimented
chedule. There is no contamination

High Wear Detectable

Contaminant Debris Vibration or
Levels Generation Acoustic
Changes

Wear Debris

Contaminant Vibration/Acoustic
Maonitoring Monitoring Monitoring
First Second First
(Proactive) (Predictive) {Predictive)
Figure 3.

. control of fluids for less critical and less

problematic machines. Fluid cleanliness
targets are not defined and f{luid
cleanliness levels are not measured.

Active Contamination Control.

Filters and {luids are changed
according to a structured PM schedule.
Filter type and change interval are based
on equipment manufacturer (OEM)
recommendgiions. Target cleaniiness
levels are based also on OEM
recommendations. Oil scnples are taken

once or twice o year. There Is no real
understanding of the meaning of test
results nor responsive aclion

-commissioned.

Proactive Contamination Conirol,

Appropriate and precise target
cleanliness levels are sei for each
machine based on machine-specific
criteria and/or life-extension criteria,
Filters and contaminant exclusion
techniques are selected with respect to
the target cleaniiness and application-,
environment-, cnd machine-specific
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criteric, Fluids are monitored using in-
house particle couniing at frequencies
based on environment and target
cleanliness criteria. Maintenance work
orders are immediately issued to correct
out-of-spec fluids

Further evidence of the sffectiveness
of proactive contamination control of
diesel engines, in pariicutar, is given in
the studies below:

1, Pall Corporation, in participation
with Detroit Diesei Allison (DDA),
investigated the influence of improved
lube oil cleanliness in the performance
and reliability of 150ton diesel irucks
operating in an open pit mine. The study
revealed substantial reductions in wear
metal concentrations.

2. AC Delco Division of General Motors
aiso tested DDA engines and found an
eight-fold improvement in wear rates and
enginelifewith lowerlubeoil contaminant
levels. Inarelated study ondiesetengines
(see Figure 4), General Motors reports,
*compated to a 40 micron filter, engine
wear was reduced by 50% with 30 micron
filiration. Likewise, wear was reduced by
70% with 15 micron filtration”,

3. An independentuniversity study, as
published in Lubrication Engineering
Magazine, reports a reduction in diesel
engine wear by a factor of 14 when betier
lube oil cleaniiness is mainicined. The
study also equated the resuliing friction

reduction with afive perceni (6% incredse
in fuel economy :

Tactical Implementation of
Proactive Contamination Control

Implementation of proactive
contamination control requires effort, tois
of effort. Typlcally, what is required is
change: change of maintenance habits,
change of filiration metheds, and most
importantly, a change of maintenance
philosophy and attitude. Without change,
there is no benefit. '

. . General Motors engine wear tests

B Quality of 'fi"l"t['-."aji.:lon_fﬁnicfdné)

T T
95 801736 40

Figure 4.

The three steps to impiementing a
proactive contamination control program
are:

1. Setting target cleanliness is the
starling point for any quality
contamination conirol program. The
target level should be sufficientiy
chalienging toachieve a 3 life extension
(MTBF) of better. Two methods are
available todothis: The Contaminant Life
Index (CLD)* for hydraulic systems, and
the Life Exiension Method (LEM)* for
bearing systems, gear systems, and ail
others.

2. Next, filtration and contaminant
sxclusion techniques must be in pl'ace
toachievethe target cleaniiness. IN many
cases filiers must be upgraded or added.
Frequent oil changes is not the answer to
coniamination control problems. The use
of better tank breathers and contaminant
exclusion techniques is recommanded.

" The Filter Selection Chart (FSC)* defines

the filiration needs for a machine
necessary o achieve target cleanliness.

3. Finally, feedback is required.
Particles are too small and too few fo be
seen or counted visually. Yet, feedback is
essential o contamination control. Fluid
contaminant monitoring can be
accomplished in the field or plant by
extracting samples of fluid into bottles for
lab analysis or by portable instruments
used right af the machine. Recently there
has been a trend away from hottle
sampling and lab analysis for routine
contaminani monitoring due to the
associated highercost, reduced accuracy,
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Figure 5.

and time delay. In its place has been
the use of portable monitors that receive
fluids directly out of machines for on-the-
spot analyss, '

On instrument, sold by Diognetics,
called Digital Contam-Alert (DCA), is
battery operated and extremely
lighiweight (see photo). it consists of a
sensor attached by cable to a hand-heid
computer. During a test, the sensor is
placed momentarily on a special
diagnostic port permanently installed on
themachine. Asmallsample of fhid under
pressure passes into the sensor and, after
a minute or iwo, the particle count is
displayed on the computer screen.

20 unit con be used with a variety of
: d@'ﬁ fluids, such aslube oils, hydraulic
flulds, transmission fiuids, gear cils, and
coolants. After each test, the handle on
the sensor is depressed, expelling the
sample, making it immediately ready for
reuse. Particle count data can be easily

stored inthecomputer, tagged fomachine
1.D., the date, and user comments, Later,
thedatacanbeprintedout withaportable
prinier, or it can be downloaded to a
deskiop personal computer.

Use of the portable contaminant
monitor provides easy in-the-plant
proactive or predictive maintenance,
Maintenance operaiors can simply walk
from machine to machine checking fluid
contaminant levels and comparing them
o iorget baselines. Also, the use of
contaminant monitoring can effectively
provide an excellent condition-based

_criteria for commissioning other forms of

oitanatysis, such aswear metalorviscosity
analysis (see Figure 5).

It is interesting to note that currently
an estimated 25 to 50 million lube oil
samples are analysed by commercial and
in-house fluid analysis labs in the United
States each year. Yet, despite the fact that
contamination is the largest contributor

to engine failure, fewer than five percent
(5%) of these labs do particle counting on
lube oil samples. Wear metal analysis
and elemente] anatysis are too often
confused as being indicative of actual
particle sizes and concentrations in lube
olls. Only accurate particle counting
devices can determine this.

Summary

According to experts, the number one
cause of turbine failure is bearing faiture. -
Experis also tell us that contamination is
the leading cause of bearing failure.
Controliing contarmination o low particle -
levels substantially increases engine life.
This activity is calied preactive
mainienance.

Unlike prediciive maintenance,
proactive maintenance avoids the
inliiation of failure, Case studies have
shown cost savings exceeding 90% with a
variely of machinery applications.
Implementation of contamination control
emphasises the three step processes of
targeting precise cleanliness levels,
improved filiration, and routine
contaminant monitoring.

For further details, coniact MrHGemcl, -
ATA Scientific Pty Ltd., P.O. Box 472,
Williamstown Vic 3016, Phone{03) 3929577,
Fax (03) 397 8316.
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