
JOINT OIL & 
VIBRATION ANALYSIS 
The Palo Verde Nuclear Generating Station in Winters­
burg, Ariz., pioneered the integration of the two condi­
tion monitoring technologies. Facility personnel com­
bined both analyses into a single division and brought 
its oil analysis on-site. After conducting a results as­
sessment, the researchers concluded that oil analysis 
was responsible for 40% of the defects found, vibration 
analysis was responsible for 33%, and both techniques 
converged on the remaining 27% of the defects found. 

The predictive maintenance department document­
ed approximately $3.7 million in savings in one year. 
Over a three-year period, they figured that for every 
dollar spent on these condition monitoring techniques, 
they saved at least $6.50 in maintenance costs) 

The School of Engineering at Australia's James Cook 
University conducted a research project to investigate 
the correlation between vibration analysis and wear de­
bris analysis. The school's researchers built an experi­
mental worm gearbox driven by an electric motor. The 
choice of a worm gear for this study was deSigned to 
mimic real-world conditions-both rolling anclJor slid­
ing wear processes are common in industrial rotating 
equipment. This would allow the replication of both 
types of mechanical friction in one experimental test 
rig. They then conducted a series of studies on the de­
vice, utilizing different machine defect conditions un­
der controlled operating conditions. Wear debris analy­
sis data was then compared with vibration analysis data 
in order to quantify the effectiveness of both vibration 
analysis and wear debris analysis in predicting and di­
agnosing equipment conditions. 

They employed proven wear debris analysis technol­
ogies-a high-quality particle analyzer, a confocal laser 
scanning microscope (CLSM) and an electron probe 
microanalyzer. Three tests were conducted under the 
following conditions: 

Test 1: Normal operation 
Test 2: Lack of proper lubrication 
Test 3: Contaminant particles in the lubricating oil 

Oil samples and vibration data were collected regu­
larly. Wear debris analysis included the study of par­
ticle concentration and size distributions, along with 
the examination of particle morphology and types to 
determine possible wear mechanisms, wear rates and 
wear sources. Vibration analysis consisted of analyzing 
both the time and frequency vibration signals from the 
test rig to determine the onset and severity of active 
wear, and to help diagnose the root cause. 4 

Researchers collected an oil sample each week from 
each of the three tests during 18 weeks. Each oil sample 
was scrutinized and compared. A particle analyzer was 
used to determine oil sample particle concentrations 
in order to assess gearbox condition trends. Both wear 
debris and vibration analysis techniques were used to 
assess the gearbox condition and diagnose problems 
during the three tests. 

Following are the results: 

Test 1: The results from wear debris analysis indicat­
ed a normal condition with a slightly high number of 
wear particles due to roughening gear surfaces near the 
end of the test. 

Test 2: Both methods discovered the lack of lubrica­
tion problem between the gear surfaces, although the 
wear particle analysis gave a more conclusive result. 
The presence of severe sliding particles from metal-to­
metal sliding was a good indicator of inadequate lubri­
cation. 

Test 3: Wear debris analysiS found a large number of 
wear particles with a relatively smooth surface. Because 
iron powder was involved in the wear process and its 
form was modified, the wear process may be called a 
three-body rubbing wear process. In contrast to normal 
three-body wear processes, which include hard con­
taminants such as sand, the three-body wear process in 
this study did not generate cutting particles associated 
with cutting wear. It did, however, generate significant 
wear debris. The iron particles accelerated the wear 
process. Vibration analysis confirmed the wear process 
due to the increase in the peak at the shaft running 
speed, and the presence of a mound of energy near the 
bearing frequency. 5 

Where there is expensive and/or 
complex machinery, vibration analysis 
combined with oil analysis is amust. 

Researchers concluded that vibration analysis pro­
vided quick and reliable information on bearing condi­
tion, and wear debris analysis provided solid informa­
tion on the wear rate and gear mechanism. Integration 
of these two condition monitoring techniques in all 
three worm gearbox tests provided a nearly complete 
picture of the operating condition. 

Marscher says, "Combined vibration plus oil anal­

- Study particulars at: http://www.maintenanceworld.com/Articles/KessissoglouPeng/lntegratingVibration.htm. 
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ysis is ideal for applications where sliding is inherent 
in the system. For example, reciprocating piston rings 
or where bearing stiffness is extremely high-machine 
tools are a good example." 

SPECIFIC APPLICAnONS 
Some applications are better candidates for integrated 
condition monitoring than others. Three that are of 
particular interest to tribologists are gearboxes, recip­
rocating combustion engines and hydraulic systems. 

Gearboxes. The most common gearbox failure modes 
are gear tooth fractures and wear. Vibration analysis 
has trouble picking up these failures because they in­
volve a cacophony of Signals. Oil analysis, on the other 
hand, can easily detect wear (abrasive and adhesive) 
and contact fatigue. Then there is the broken gear 
tooth problem mentioned above-vibration analysis 
can detect it, oil analysis often cannot because the de­
bris falls to the bottom and never gets included in a 
sample until it's oxidized and dissolved metals leach 
into the oil. 

Reciprocating combustion engines. While vibration anal­
ysis is the method of choice for monitoring grease-lu­
bricated electric motors, oil analysis has always been 
the first choice for reciprocating combustion engines. 
For mobile plants, oil analysis is the primary condition 
monitoring tool for the entire drivetrain, but for fixed 
equipment, vibration analysis is useful for monitoring 
the condition of other parts of the machine train­
pumps and generators in particular. 

Hydraulic systems. While hydraulic systems vary enor­
mously, oil analysis is the most prevalent technology 
for monitoring them. But where speed and load can be 
fixed throughout the sampling procedures, vibration 
analysis is useful for some pumps and motors. 

Oil analysis detects early stage rolling element bear­
ing failures better than vibration analYSiS, although 
both tests will detect faults. This is a classic case where, 
when the two technologies are used together, the re­
sults are nearly always accurate. Also, experts agree 
that both oil analysis and vibration analysis are needed 
to accurately detect and analyze root cause failure. 

OTHER TESTS AND TECHNIQUES 
In addition to vibration analysis and oil analYSiS, there 
are other tests that are sometimes conducted in con­
junction with each other to ascertain equipment condi­
tion. These tests include visual inspections, thermogra­
phy, ultrasonics and performance analysis. 

VISUAL INSPECTION 
This is the most primitive test, but when conducted 
by an experienced operator it can be one of the most 
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condition monit~~1rg·program 

After selecting technologies and developing astrategy, 
the condition monitoring team must be organized to 
implement these technologies effectively. An audit 
document provides agood framework if it spells out 
how to: 

•	 Evaluate the knowledge and experience of condi­
tion monitoring team members. 

•	 Assess the condition monitoring training these 
individuals have received. 

Evaluate condition monitoring instruments and 
software tools currently in use. 

Appraise the effectiveness of each of the condi­
tion monitoring technologies implemented. 

Once that framework is in place, it will be most success­
ful if: 

1.	 The entire condition monitoring team perform­
ing all technologies has been brought into one 
common area-allowing free information transfer 
and improvement in the accuracy and reliability 
of diagnostic decisions as well as root cause 
analysis. 

2.	 All condition monitoring personnel report to 
asingle plant program manager who directly 
reports to plant management. 

3.	 All condition monitoring personnel are cross­
trained in at least one other condition monitor­
ing technology, giving them greater confidence 
and amore complete perspective. 

4.	 All condition monitoring personnel work full­
time in their field (they may occasionally assist 
in performing certain corrective actions but are 
not expected to do this on aregular basis). 

5.	 All condition monitoring personnel receive for­
mal training in their areas of expertise at least 
one week per year in order to keep them up-to­
date and to further advance their knowledge. 

Source: James E. Berry, P.E.• Technical Associates of Charlotte' 

c' Ibid, also referenced at: http://www.maintenanceresources.com/referencelibrary/ezine/vibes.html. 



effective. Issues such as leaking, 
cracking and rust often are readily 
apparent. A side benefit is that this 
is without a doubt the least expen­
sive form of condition monitoring. 

THERMOGRAPHY 
Although slight surface tempera­
ture variations are easy to spot, an­
other more comprehensive option 
is non-destructive thermography. 
The basic premise is that heat in­
dicates failing components, par­
ticularly electrical contacts and ter­
minals. Thermography also works 
well for detecting the level of de­
posit build-up in storage tanks 
and analyzing the condition of 
couplings, rollers and high-speed 
bearings. "Using thermography in 
conjunction with oil and vibration 
analysis provides the best diagnos­
tic evaluation," Minges says. 

ULTRASONICS 
Digital meters measure high fre­
quency signals from bearings and 
display the result in dBuVs (decibels per microvolt). 
Using trend analysis, these values will flag potential 
bearing defects caused by contact conditions such as 
rubbing and friction. The dBuV value is also used to 
predict proper intervals for relubrication. Ultrasound 
pairs particularly well with vibration analysis. 

PERFORMANCE ANALYSIS 
This involves comparing actual operating statistics 
with the manufacturer's original parameters, which are 
usually posted on the machine's nameplate. 

There are other intriguing technologies currently in 
limited use such as motor current analysis and stress 
wave analysis. On the horizon are embedded wear de­
bris detection sensors and embedded vibration detec­
tion sensors that monitor conditions around the clock 
and continuously supply data, and analysis feedback. 
If used correctly, this technology has the potential to 
nearly eliminate failure and downtime caused by grad­
ually occurring conditions. 

IN THE END 
Many considerations are involved in choosing which 
condition monitoring methodes) to use, with cost vs. 
benefit being primary for most organizations. While 
most condition monitoring providers have traditionally 
offered one technology, this is changing. Today more 
companies are offering a full spectrum of tests creating 

an economy of scale and thus lowering costs to cus­
tomers. 

So how do users decide if a piece of equipment 
should be tested by more than one method? There are 
three factors: 0.) the applicability of the test to tha 
type of equipment, (2.) the importance of the equip­
ment to operations and (3.) the equipment's replace­
ment cost. 

When it comes to in-house testing, aside from cost, 
the main roadblock to employing both oil analysis 
and vibration analysis Simultaneously is that the two 
methods are typically performed by two disparate di­
visions-with vibration analysis performed by the 
condition/vibration monitoring team and oil analysis 
performed by the lubrication team. This means that 
technicians in the two areas tend to be isolated from 
each other. Ideally, both types of analysts should work 
together in a unified program, with each having a foun­
dational knowledge of the other technology. 

Minges concludes, "While both vibration analysis 
and oil analysis have their merits, they are most valu­
able when used in conjunction with one another." ii!i 
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