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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

Selecting Oil Analysis Tests By Apphcatlon
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Figure 11.11

Monitoring

Courtesy Biorad

Additive Method Effectiveness

ZDDP (antioxidant, antiwear, and FTIR - (@ =950 wavenumbers) Fair (early detection)

corrosion inhibitor) FTIR - oxidation (1750 wn) Good (later detection)
RBOT Excellent (early detection)
TAN (downward trend) Fair (early detection)
TAN (upward trend) Good (later detection)
Voltametry Excellent (early detection)
Elemental Spectroscopy Excellent (early detection)

Rust Inhibitors Elemental Fair (early detection)
Spectroscopy

Foam Inhibitors Elemental spectroscopy Fair (interferences from dirt)

Sulfur Phosphorus - EP Elemental spectroscopy Excellent

Molybdenum Disulfide - EP Elemental spectroscopy Good

Borate - EP Elemental spectroscopy Excellent

VI Improver Viscosity at 40°C and 100°C Excellent

Dispersants Blotter spot test Good

Detergents TBN Excellent
Elemental Spectoscopy Excellent

Hindered Phenol (antioxidant) FTIR Fair
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Figure 11.12
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Temperature 100 ppm 500 ppm

°F °C D F&E D F&E

32
R&O 28 72 28 472 28 972
Gear 100 O 100 400 100 900
68 20
R&O 72 28 72 428 72 928
Gear 100 O 200 300 200 800
104 40
R&O 100 © 170 330 170 830
Gear 100 0 500 0 500 500
140 60
: R&O 100 O 350 150 350 650
a Gear 100 O 500 O 1000 O
Sl 158 70
2 R&O 100 O 500 0 520 480
5 Gear 100 0 500 0 1000 O
D = Dissolved Water Amount (ppm) R&O = |SO 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 Approximate H

~

Observation Water Present
No free or emulsified

S

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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Analysis Analysis Ferrography
» Atomic absorption » Direct reading ferrography - Slide:
» X-Ray flourescence - Ferrous particle count - Ferrogram
L : » Filtergram
» Spark emission » Other ferrous density « Patch
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Potential Sources of Metals in Oil
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Iron

Steel

Cast iron

Rust

Wear debris
Mill scale

Ore dust

Fly ash

Paint

Paper mill dust
Asbestos

Talc

Zeolite
Cleaning detergent

Nickel

Alloy of
stainless steel

Plating

Stellite
(Cobalt-Nickel)

Alloy of

hard steels

Silver

Bearing overlay

Solder

Some needle bearings

Potassium
Coolant inhibitor
Fly ash

Paper mill dust
Road dust
Granite

Chromium
Ring plating
Chrome plating
Paint
Stainless Steel

Silicon

Road dust
Sealant

Antifoam additive
Steel alloy metal
Synthetic lubricant
Wet clutch

Glass mfg
Coolant additive
Foundry dust
Filter fibers (glass)
Fly ash

Slag

Mica

Cement dust
Asbestos

Granite
Limestone

Talc

Lead
Babbitt
Journal

bearing overlay
Gasoline additive
Paint
Solder

Sodium
Coolant inhibitor
Saltwater
Some additives
Grease

Bass stocks {WRos)

Dit
Road du
Sa

Copper

AW Additive
Bronze

Brass

Bearing cage
Cooler cores
Copper mining
Paint

Babbitt

Molybdenum
EP additive

Alloying metal
Rings

Calcium
Hard water
Salt water
Engine oil additive
Mining dust
Grease
Limestone
Slag

Rubber
Fuller's earth
Lignite
Cement dust
Road dust
Gypsum
Rust Inhibitor
Detergent

Tin ,
Bearing cage
(bronze)
Solder
Babbitt

Aluminum
Road dust
Bearing metal
Paint

Abrasives
Aluminum mill
Coal contaminant
Fly ash

Foundry dust
Activated alumina
Bauxite

Granite

Catalyst
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Routine Analysis
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Figure 11.23
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Figure 11.24






