
































Fluid Analysis for Industrial Machinery 232 

analysis results. A good approach is to build a three-ring binder with index tabs for each machine type. 
Include in this binder photocopied pages from tbe service and operation manuals, plus other accumulated 
information. The following are examples of data and information to include: 

1. Types of bearings in use and their metallurgy 

2. Input and output shaft speeds/torques 

3. Type of gears in use, speeds, loads, gear metal hardness, surface treatments, alloying metals 

4. Type and location of frictional surfaces (e.g., cams, pistons, bushings, swash-plates, etc.) and the 
metallurgy of surface treatments 

5. Type and location of coolers and heat exchangers and type of fluids used 

6. Fluid flow circuit diagrams/schematics 

7. Identification and location of the types of seals in use, both external and internal 

8. Possible contacts with process chemicals and types 

9. Lubricant flow rates, lubricant bulk oil temperatures, bearing drain and inlet temperatures, and oil 
pressures 

10. Detailed lubricant specification and compartment capacity 

11. Filter performance specification and location 

In many cases, oil analysis data can be inconclusive when used alone. When combined with sensory 
inspection information, however, a reliable, more certain, determination can be made. Likewise, the 
application of companion maintenance technologies (like vibration and thermograpby) can help support a 
conclusion prior to expensive machine teardown or repair. 

I. Importance of Training 

When a well-intentioned oil analysis program fails to produce the expected benefits, indifference among 
plant personnel is often thought to be a main contributing factor. Although this is occasionally true, in 
reality the problem is much more fundamental and deep-rooted. Unless maintenance professionals have 
an understanding of the purpose and goals of oil analysis and are literate in the language of oil analysis, 
they cannot be expected to carry out its mission. 

This level of understanding can be accomplished through a liberal amount of training and education. This 
should not simply be concentrated on a single individual-it should include all of those personnel who 
benefit from and contribute to machine reliability. In fact, training and education should occur at several 
different levels, including craftsmen, operators, engineering, and management. Below are a few subjects 
for which seminars and training classes are generally available: 

1. Lubrication fundamentals and their use 

2. Mechanical failure analysis 

3. Proactive maintenance and root cause analysis 

4. Troubleshooting hydraulic systems 

S. Lubrication and maintenance of bearings and gear units 

6. Oil analysis fundamentals 
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7. Oil analysis data interpretation 

8. Filtration and contamination control 

9. Wear particle analysis machine fault detection 

Once these fundamentals are in place, oil analysis can move forward enthusiastically, beginning with the 
development of oil analysis mission and goals. Rapid-fire corrections can be carried out in response to oil 
analysis exceptions and measures can be taken to preempt their reoccurrence. In time, unscheduled 
maintenance will become rare and oil analysis exceptions will be few, as the idealized machine operating 
environment becomes controlled. 

Finally, as the many elements of oil analysis and proactive maintenance merge together into a cohesive 
maintenance activity, the benefits should be promoted. Unlike many applications of new technology, 
proactive maintenance seeks non-events as its goal and reward. These non-events include oil that 
continues to be fit-for-service, machines that do not break down, and inspections that do not need to be 
performed. This quiet existence is the product of a highly disciplined activity; however, at times, it can be 
misunderstood and its value underestimated by the casual observer. Therefore, the close association of the 
activities of proactive maintenance with the benefits of proactive maintenance must be measured, 
monitored, and displayed for all to view. 
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FIGURE 11.6B 
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517 particles> 51,1m/ml ... 
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3. Transducer transmits 
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particles and 
restricts flow. 
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Water Concentratio:m 
• 

Temperature 
OF oc 

100 ppm 500 ppm i1l000 
D F&E D F&E 1~ 

~ 
~~ 

32 0 
R&O 28 72 28 472 28 972 
Gear 100 0 100 400 100 900 

68 20 
R&O 72 28 72 428 72 928 
Gear 100 0 200 300 200 800 

104 40 
R&O 100 0 170 330 170 830 
Gear 100 0 500 0 500 500 

140 60 

C R&O 100 0 350 150 350 650 
0 

N Gear 100 0 500 0 1000 0 

158 70 
R&O 100 0 500 0 520 480 ... .. 

t: Gear 100 0 500 0 1000 0 5 u 

D = Dissolved Water Amount (ppm) R&O = ISO 32 Rust and Oxidation 
F&E = Free and Emulsified Water (ppm) Inhibited oil (e.g., turbine oil). 

Gear = Gear oil 

Figure 11.18 
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!Procedure: 2 drops of oil on a plate 
heated to 320°F 

Observation 

No visible or 
audible change 

Very small bubbles 
(""0.5 mm) produced 
and quickly disappear 

Bubbles approximately 
2 mm are produced, 
gather to center, 
enlarge to ::=4 mm, 
disappear quickly 

Bubbles ::=2-3 mm are 
produced growing to 
=4 mm, process repeats, 
possible violent bubbling 
and audible crackling 

Figure 11.19 
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Approximate 
Water Present 

No free or emulsified 
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0.05- 0.1% 
500 - 1000 ppm 

0.1- 0.2% 
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0.2 and more 
>2000 ppm 
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Potential Sources of Metals in Oil 
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Figure 11 .23 
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