
Predictive Maintenance 

Contaminant Monitoring Targets Root 
Causes of Machinery Problems 
By James C. Fitch, Diagnetics, Inc. 

Proactive maintenance can provide substantial maintenance cost 
savings by identifying and correcting the root causes of machine 
deterioration and failure, rather than simply reacting to the symptoms 
of the problems. The result is significantly extended machine life, 
reduced scheduled maintenance, and improved efficiency. 

A proactive maintenance approach has 
been particularly successful in reducing or 
eliminating one of the most serious equipment 
maintenance problems: contamination of 
lubricant or hydraulic fluid systems. 
According to the bearings division of 1RW, 
"contamination is the number one cause of 
bearing damage that leads to premature 
removal." Caterpillar states that "dirt and 
contamination are by far the number one cause 
of hydraulic system failures." Similarly, J.I. 
Case states that "systems must be kept clean, 
spotlessly clean, in order to achieve the 
productivity they are capable of." Finally, 
Oklahoma State University reports that when 
fluid is maintained 10 times cleaner, hydraulic 
pump life can be extended by 50 times (Fig. 1 ). 

cleanliness monitoring, achieved a 97% 
reduction in hydraulic component failures. 

A study by the British Hydromechanics 
Research Association carefully monitored the 
field experience of 117 hydraulic machines 
from eight broad categories: injection 
molding, machine tools, material handling, 
mobile/construction, marine, metalworking, 
test stands and miscellaneous. The results of 
the three year study showed a dramatic 
relationship between fluid contamination 
levels and service life. Improved system 
cleanliness extended the mean time between 
failures from IO to 50 times, depending on the 
contamination level (Figure 4 ). A study by the 
Naval Air Development Center in 
Warminster, PA performed on hydraulic 
pumps showed a nearly 400% increase in 
component life with a 66% improvement in 
filtration, and a 1300% increase in life with a 
93% improvement in filtration. 

Improvements have been identified in 
lubrication systems as well. The contamina­
tion control program at Nippon Steel included 
both journal and roller bearings. Over the 
study's three year period, there was a 50% 
reduction in replacement bearing purchases 
plant-wide. Similarly, International Paper 
Company reported a nearly 90% reduction in 
bearing failures after six months of improved 
filtration and contamination control at their 
Pine Bluff, AK paper mill. 

Contamination control should be 
implemented in three steps: 1) using the 
Contaminant Life Index, establish the target 
fluid cleanliness levels for each machine and 
fluid system; 2) select and install filtration 
equipment (or upgrade existing filter ratings) 
and contaminant exclusion methods to 
achieve target cleanliness levels; 3) monitor 
fluid cleanliness at regular intervals to verify 
that targets are being achieved, adjust 
filtration and contamination control as 
required to stabilize target cleanliness. A 
more extensive explanation of each of these 
steps can be found in the book "Fluid 
Contamination Control", written by Dr. 
Ernest C. Fitch, which can be obtained by 
contacting the author. 

It is important to note that a common 
myth among maintenance people is that the 
incremental costs of improving system 
filtration and contamination -control exceed 
the benefits of improved fluid cleanliness and 
machine performance. While a thorough 

The most common types of contaminant­
induced failures in machinery are wear, 
sticking, seizure, erosion and corrosion. 
Contaminants can include solid particles, 
moisture, air, chemicals and other foreign 
materials. Figure 1 - Cleaner hydraulic fluid extends pump life 

The rate at which contamination enters a 
system is typically underestimated, and the 
effectiveness of filters in removing this 
contamination is often overstated. According 
to a study of hydraulic equipment at Oklahoma 
State University, "it has been demonstrated 
that apparent ingression rates of 10-100 
million particles greater than 10 microns (per 
minute) characterize field systems (Figure 
2)." Filters often have great difficulty 
removing these high contamination levels 
since they are subject to frequent changes in 
temperature, fluid viscosity, pressure, and 
flow; plus the effects of shock, vibration and 
fatigue. Other common problems are filter by­
pass valves that are stuck open, damaged or 
missing filter gaskets, and filters that are 
installed crooked or backwards. 

In spite of these obstacles, a number of 
companies have developed and implemented 
successful contamination control programs. 
For example, after Nippon Steel installed a 
hydraulic contamination control program 
plant-wide, pump replacement frequencies 
were reduced by 80% and the cumulative 
frequency of all failures relating to wear and 
contamination were reduced by 90% (Figure 
3). Kawasaki Steel, implementing a similar 
program of improved filtration and fluid 
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