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Machine progression towards failure. Note that proactive maintenance stresses the monitoring of conditions, not failure itself. The objec­
tlve is to keep all fluids clean to the point that the machine will never operate outside of the Proactive Maintenance Range. 

By James C. Fitch* 

he field of maintenance tech­
nology is going through a revolution 
of change. Gone are the days when 
a machine had a predictable service 
life, after which it was replaced, 
continuing the cycle. Today, ma­
chinery and equipment can be main­
tained to achieve useful operating 
Ii ves many times more attainable 
than just a few years ago. 

The I 980s bore the popular prac­
tice of predictive maintenance and 

*James C. Fitch is president of 
Diagnetics, Inc., Tulsa, Oklahoma, 
U.S.A. 
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condition monitoring to combat ris­
ing maintenance costs. In the 1990s, 
we implement predictive mainte­
nance with greater confidence and 
precision. These early warnings 
have proven effective at reducing the 
magnitude of failure and amount of 
unscheduled downtime; however, no 
real progress has been made in re­
ducing frequency. Any maintenance 
strategy targeting the reduction of 
failure frequency must address the 
fundamental causes of failure. Such 
a strategy of eliminating causes 
would be "proactive" to failure, not 
"reactive" to failure. 

This approach, known as proactive 
maintenance, is a promising wave of 
new maintenance technology. Its 

fundamental and logical approach 
seeks to make major inroads into the 
cost-driven maintenance industry 
this decade. 

Proactive maintenance stresses the 
monitoring of conditions, not failure 
itself. Abnormal or unhealthy con­
ditions are the precursors to failure. 
Proactive maintenance is the mainte­
nance strategy that extends machine 
life by monitoring and correcting 
failure root causes. 

The monitoring and control of 
contamination in lubricating fluids is 
a proactive maintenance activity. 
Since lube-oil contamination is a 
cause of wear and failure, exceed­
ingly clean fluids proactively lead to 
exceedingly reliable and long-lived 
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Contamination 

Dirt • Moisture • Air • Heat 

' , 
Fluid Degradation 

Viscosity • Lubricity • Additives 

' , ' . 
Wear and Surface Fatigue 

Abrasion • Adhesion • Erosion • Corrosion • Cavitation 

' , 
Machine Failure 

Leakage • Jamming • Vibration • Performance loss • Misalignment • Efficiency 

machines. The tactic of targeting 
clean- fluids, installing capable filtra­
tion/separators, and frequent con­
taminant monitoring makes sense in 
diesel and gas-turbine engine main­
tenance. 

The article, "Contamination 
Control in. Turbomachinery Oil 
Systems," by Finley Steele (Journal 
of the American Society of 
Lubrication Engineers), states 
"Periodic checks on the levels of 
various contaminants are essential to 
insure adequate (contamination) 
control. The four principal contami• 
nants to be monitored are, in order 
of importance: solid particles, water, 
acids, and low-boiling hydrocarbons. 

The. meaning of contamination 
control to one person is frequently 
different than what it means to an­
other. Contamination control is not 
a matter of doing, or not doing, in a 
generic sense. What really matters 
is how clean the fluids are and how 
rigorously this cleanliness is main­
tained, not simply performing rou­
tine preventive maintenance. 

First on the list is passive contami• 
nation control. Filters and fluids are 
changed infrequently. No schedule 
is observed, no accountability. Fluid 
cleanliness targets are not defined, 

zc~ .. :1e~s~~!~. cleanliness Jevels are not 

Next is reactive contamination 
control. Filters and fluids are 
changed according to available man• 
power, budgets, and the frequency of. 
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machine problems. There is no regi­
mented schedule. There is no con• 
amination control of fluids for less 
critical and less problematic ma­
chines. Fluid cleanliness targets are 
not defined, and fluid cleanliness 
levels are not measured. 

Then there is active contamination 
control. Filters and fluids are 
changed according to a structured 
PM schedule. Filter type and change 
interval are based on equipment 
manufacturer (OEM) recommenda­
tions. Target cleanliness levels are 
based also on OEM recommenda­
tions. Oil samples are taken once or 
twice a year. There is no real under­
standing of the meaning of test re­
sults nor responsive action taken. 

Delivering the most important 
benefits is proactive contamination 
control. Appropriate and precise tar­
get cleanliness levels are set based 
on machine-specific and/or life-ex­
tension criteria. Filters and contami­
nant exclusion techniques are se­
lected with respect to the target 
cleanliness and application-, envi­
ronment•, and machine-specific cri­
teria. Fluids are monitored using in• 
house particle counting at fre­
quencies based on the environment 
and target cleanliness. Maintenance 
work orders are then immediately is­
sued to correct out-of-spec fluids. 

Implementation of proactive con­
tamination control requires effort 
- lots of effort. Typically, what is 
required is change; change of main-

-

Proactive 
maintenance 

This diagram illus-
trates that solid parti-
cles and moisture are 
the most harmful. The -

-
objective to keep ma-
chinery operation 
within the Proactive 

Predictive Maintenance Range is 

maintenance further illustrated, 
noting thG.t contami-
nation is the invisible 

- source of machine 

] 
failure. 

Breakdown 
maintenance 

tenance habits, change of filtration 
methods, and most importantly, a 
change of maintenance philosophy 
and attitude. Without change there 
is no benefit. 

The three steps to implementing a 
proactive contamination control pro· 
gram are: 

I 

■ Setting target cleanliness is the 
starting point for any quality con­
tamination control program. The 
target level should be sufficiently 
challenging to achieve a substantial 
life extension (MTBF). Two meth­
ods are available to do this: the 
Contaminant Life Index (CLI)* for 
hydraulic systems and the Life , · 
Extension Method (LEM)* ior bear­
ing systems, gear systems, and all 
others. 
■ Next, filtration and contaminant 

exclusion techniques must be in 
place to acpieve the target cleanli­
ness. In many cases, filters must be 
upgraded or added. Frequent oil 
changes are not the answer to con­
tamination control problems. The 
Filter Selection Chart (FSC)* de­
fines the filtration needs for a ma­
chine necessary to achieve target 
cleanliness. 
■ Finally, feedback is' required. 

Particles are too small and too few to 
be seen or counted Visually. Yet, 
feedback is essential to contamina• 
tion control. Fluid contaminant 
monitoring can be accomplished ih 
the field or plant by extracting sam• 
pies of fluid into bottles for lab . 
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r ,. ·analysis or by portable instruments 
• ··used right at the machine. Recently 

there has been a trend away from 
bottle sampling and lab analysis for 

'd~.. ,· routine contaminant monit6ring be­
, .. " \_JI\ cause of the associated higher cost, 

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

Use of a portable contaminant 
monitor provides easy in-the-plant 
proactive or predictive maintenance. 
Maintenance operators can simply 
walk from machine to machine 
checking fluid contaminant levels 
and comparing them to target base• 
lines. Also, the use of contaminant 
monitoring can effectively provide 
an excellent condition-based criteria 
for commissioning other forms of 
oil analysis, such as wear metal or 
viscosity analysis. * 
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Quality of filtration (microns) 

AC Delco Division of General Motors tested Detroit Diesel engines and found an eight­
fold improvement ill wear rates and engine life with lower lube oil contaminant levels. 
Compared to a 40-micron filter, engine wear was reduced by 50 percent with 30-micron 

• filtration. Likewise, wear was reduced by 70 percent with 15-micronfiltration. 

*Information on these techniques are available froµ, the author. 

Particle Counter For On-Site Condition Monitoring 

An instrument, developed by 
Diagnetics, Tulsa, Okla., called 
Digital Contam-Alert (DCA), is bat• 
tery operated and lightweight, de· 
signed to count all particles within a 
fluid. It consists of a sensor at• 
tached by cable to a hand-held com• 
puter. During a test, the sensor is 
placed momentarily on a special di• 
agnostic port permanently installed 
on the machine. A small sample of 
fluid under pressure passes into the 
sensor and after a minute or two the 
particle count is displayed on the 
computer screen. The unit can be 
used with a variety of different 
fluids, such as lube oils, hydrau-

• lie fluids, transmission fluids, gear 
oils, and coolants. 

A(ter each test, the handle on the 
sensor is depressed, expelling the 
sample, making the instrument im­
mediately ready for reuse. Particle 
count data can be easily stored in 
the computer, tagged to machine 
identification number, the date, 
and user comments. Later, this data 
c.an be printed out wi\h a portable 
printer or can be down-loaded to 
a desk-top personal computer. 

The Contam-Alert monitor con­
sists of a calibrated sensor screen,· 
through which contaminated fluid 
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Application of the Digital Contam-Alert (DCA)., developed and nianufactUred by 
Diagnetics. Particle count is displayed on the computer scieen. Data can be printed 
out· or down-loaded on a PC. The unit can be used with a variety ·of different fluids, 
such as lube oils, hydraulic fluids, transmission fluids, gear oils,. and Coolants. 

passes, producing a distinctive 
fluid-flow decay that is recorded by 
a hand-held computer; the portable 
condition monfror. With the use of 
a proprietary computer progratn, the 
flow decay is then translated into 
particle concentration levels that can 
be stated not only as particle count, 
but als~ ISO codes, SAE classes, 

NAS classes, or Gravimetric equiv• 
alents. 

Thousands of tests across a range 
of industrial fluids and field con• 
ditions have repeatedly verified 
the accuracy of this principle, 
Diagnetics said. * 
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