
The Basics of Oil Analysis



What is it?

Oil or fluid analysis, 
tribology: The study of 
interfacing  surfaces

Machinery blood test 
or DNA

The mechanic’s crystal 
ball



The goal: Prevention 
of minor and 

catastrophic failures 
and PM



Applicable to nearly 
every onboard fluid, 

crankcase, transmission, 
hydraulic and coolant.





This presentation…



The Goal of Lab Analysis:

Predictive, proactive 
service



The refrain from many brokers and sellers…
“One oil sample report is worthless, don’t bother”

True or False?

Single Sample vs. Trend Analysis



For regular analysis 
programs, include reference 

sample



The value of oil 
analysis is, 
however, 
virtually 

worthless if…



Wear Metals;

24 different metals can be identified by Inductively 
coupled plasma or ICP analysis



Lead
Tin

Copper

If 
copper 
shows 
up…



Cylinder Region Wear

Iron (cylinder)
Chrome (ring)
Aluminum (piston)



Often the result of…

Abrasives entering the 
air intake

Cracked or broken 
rings (accompanied by 
soot and fuel)

Nickel from valve 
plating



Iron: Camshafts, 
crankshafts…



Silicon and 
Aluminum 
Oxide = Dirt

Sodium = 
Seawater, 
Lube Additive

Potassium = 
Coolant



The vast majority of wear problems are related to 
contaminants…

Abrasives, coolant, water, acids, oxidation by-products



Coolant: One of 
the more 

destructive 
contaminants



Along with soot
• Abrasive
• Over-Fueling
• Restricted air 

intake
• Over-prop
• Excess BP



Multi-source Metals: Antimony, 
manganese, lithium

Additives: Magnesium (detergent), 
phosphorous & zinc/ZDDP (ant-
wear)



Fuel 
dilution = 
reduced 
viscosity, 
increased 
friction. 
Injectors, 
fuel pumps, 
excessive 
idling, 
leaking 
plumbing.



Glycol 
Contamination: 

Increased 
viscosity, oil 
starvation, 
consumes 
additives, 
hastens 

oxidation



Increased Oxidation:

Raises acidity/reduces 
base number (TBN 50% 
and 25% triggers)

Oxidation rate doubles 
with every 18° F 
increase in temp.

Ideal oil temp 180° F -
220° F



Sludge: Excessive under 
loading and cool running.  ID 
with centrifuge and in filters.



Varnish, lacquer or 
resid, high 
temperatures or 
localized hot spots 
such as turbos.  
Caramelizing.  
Burnt or sulfurous 
smell.



Causes for sludge 
and varnish can be 
identified using 
analysis.  Can lead 
to oil starvation 
and abrasion.



Open and inspect 
filters and screens.  

Contents can be 
analyzed by a lab.



Sampling 
technique



Avoid the Drag…



Absolute cleanliness 
and avoidance of cross 

contamination

• Do not re-use tube

• Clean pump after 
each sample

• Keep track of 
samples



Even better…

Sampling valves



Clearly label all 
containers



Your average engine dealer  
oil analysis report



Aftermarket Analysis 
Report

• Detail, 
interpretation and 
readability

• Chain of custody 
for warranty 
issues



Jar label and component registration form.  
Garbage in…



Review all 
information on 
reports

Seemingly small 
errors can have a 
huge impact on 
the results

Incorrect or 
missing 
information…

Lube time 
31650
Unit time 6300



After corrections 
(same sample)…

TBN 2.5 The most 
common cause of oil 

“death” in engines without 
problems



Trend analysis for 
multiple samples 
with same lab

Value of reference 
samples



Most labs provide 
guidance on 

interpretation of 
reports, some 
offer training



Hydraulic 
systems and 
transmission 
benefit most 
from particle 

counting



Catching 
problems 
like this…



And this…



Keys to oil analysis success
• Accurate sampling and 

equip. data
• Report interpretation
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