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What is an engine oil analysis? 
 Engine oil analysis is a process that involves a sample of engine 

oil, and analyzing it for various properties and materials in order to 
monitor wear metals and contamination.  By analyzing a sample of 
used engine oil, you can determine overall service condition of an 
engine, along with spotting potential problems and eminent failure 
before it happens.  This has become a critical tool in certain industries 

such as automotive, industrial, and commercial fleets where downtime, due to 
engine failure, can be costly and potentially dangerous.

What is a real world application for an engine oil 
analysis?

By knowing the amount of each elemental metal in the sample, 
you are able to narrow down and monitor wear patterns of 
specific components in an engine, such as bearings or valve 
stems.  Not only can an analysis detect these elemental 
metals, it can also detect various types of contamination, 
too.  Insoluble matter (carbon, dirt, etc), fuel, or coolant can 
all be detected, and give you the ability to spot any abnormalities before 
they become a costly or dangerous problem.  This allows industries to increase an engine’s 
service life, reduce repair bills, unscheduled downtime, and potential catastrophic failures. 

WearCheck USA
TRC offers an oil analysis program specifically tailored to monitor critical indicators 

in used oil, based on leading equipment manufactuers’ specifications and international 
standards. The analysis is conducted by WearCheck USA, which is independently owned 
and operated. The WearCheck USA facility is staffed by some of the most experienced and 
knowledgeable lubricant analysis experts. They also utilize superior internet technology 
and the most state-of-the-art instrumentation available. 

Advanced Oil Analysis
An extensive Oil Analysis Program is the life line of any preventive maintenance program. 

Our no-charge program, called TRAAP (Texas Refinery Advanced Analysis Program),  
gives you insight into the performance and value of our products, presenting you with the 
information needed to make educated choices. Extended drain intervals are risky with 
traditional products. As you know, TRC products are designed to run longer and protect 
better than any other products on the market. Be sure to take full advantage of TRAAP. 

24/7 WebCheck
For those customers who want fast analysis, they can access their information via the 

internet 24/7, once established with TRC and WearCheck USA.
This booklet is intended to provide further education on engine oil analysis (TRAAP) 

reports. There are many other types of oils that are tested and have different indicators 
and contamination factors. Listed on the last page is a helpful chart that should help you to 
pinpoint wear metals in different applications.  



Interpreting and understanding an engine oil analysis 
report:
The next two pages list the source each wear metal generally indicates inside of an 
engine.

Barium
A detergent, which also acts as another corrosion and rust inhibitor used in some synthetic 
oils.  Concentration levels vary greatly depending on oil brand.

Aluminum
Aluminum is most commonly from wear (scuffing) on piston skirts as they repeatedly travel along 
the length of a cylinder.  Other sources often include aluminum engine blocks, certain types of 
bearings, and heat exchangers (oil coolers).

Chromium
The source of chromium wear metals are almost always from piston rings, which are used 
to form a tight seal between the moving piston and stationary cylinder wall.  These rings 
have to reliably create a tight seal between the piston and the cylinder wall, while traveling 
at up to 4,000 + feet per second and dealing with peak pressures of over 2,000 psi (136 
Bar) depending on the engine design and usage. 

Iron
This is the only wear metal that accurately and linearly increases with the length of time the oil has 
been in service.  It has many sources inside of an engine, most commonly coming from cylinder 
liners, camshaft lobes, crankshaft journals, and oil pumps.

Copper 
Copper is widely used due to its high ability to change under stress and thermal 
conductivity.  It is mainly utilized in bushings and bearings such as: crankshaft journal 
bearings, connecting rod bearings, camshaft bushings, piston wrist pin bushings, thrust 
washers, and even heat exchangers (oil coolers). 

Lead
Lead is a soft, sacrificial wear metal used on surfaces such as bearings and lead based Babbitt 
alloys.  Commonly found in main crankshaft journal bearings and contaminated fuels.  Other 
sources include leaded fuels and gasoline octane improvers.

Tin
Commonly alloyed with Copper and Lead, it is typically found in crankshaft journal, 
connecting rod, and camshaft bearings, along with heat exchanger cores and thrust 
washers. 

Molybdenum
This is most commonly used as an anti-wear/anti-scuff additive and has an effect commonly called 
“Moly plating”. Over time, a thin and microscopic layer of Molybdenum tends to form between contact 
surfaces, thereby creating a lower coefficient of friction between the two parts.  Concentration levels 
of Molybdenum vary greatly depending on the formulation of each specific oil brand.



Nickel
Though not very widely used anymore, Nickel can be found in certain alloys of steel for internal 
engine parts, and also is used as a coating on bearings.

Titanium
Titanium is an anti-wear additive that chemically binds to wear surfaces creating a hard, 
Titanium based oxide layer which reduces friction, thereby reducing wear.  

Potassium
Most commonly found if there is a coolant mixing with, and contaminating the engine oil.

Boron
Used as a corrosion inhibitor, anti-wear and anti-oxidant additive.  Concentration levels 
vary greatly depending on oil brand. 

Silicon
A very common contaminant most often found in a very abrasive solid form, which causes increased 
metal wear numbers (especially Iron) in oil samples. Its most common source is insufficient air 
filtration.  It can also appear due to leaching from a silicone sealant. Silicon concentrations from a 
sealant will typically drop after each subsequent oil change.

Sodium
This is most commonly used as a corrosion inhibitor additive, and occasionally can 
indicate a coolant leak into the oil.  Concentration levels vary greatly depending on oil 
brand.

Calcium
 Used as a detergent and dispersant additive to maintain suspension of particulate matter, along with 
maintaining a reserve alkalinity.  Concentration levels vary greatly depending on oil brand. 

Magnesium
 Also used as a detergent and dispersant additive to maintain suspension of particulate 
matter, and occasionally used in certain alloys of steel.  Concentration levels vary greatly 
depending on oil brand.

Phosphorus
Used as an anti-wear, anti-oxidant, extreme pressure, and corrosion inhibitor additive.  Concentration 
levels vary greatly depending on oil brand.

Zinc
Another anti-wear, anti-oxidant, and corrosion inhibitor additive also commonly found in 
bearing alloys. Concentration levels vary greatly depending on oil brand.



Kinematic Viscosity “cSt” 100°C
Kinematic viscosity is a measure of the time for a fixed volume of liquid to flow by gravity through a 
capillary. In the petroleum industry kinematic viscosity is usually expressed in centistokes “cSt”. Each 
weight of oil (5W30/10W20/etc) has an acceptable range to fall within to meet that grade.  

Flashpoint in °F
Flashpoint is the lowest temperature to which a lubricant can be heated before its vapor, 
when mixed with air, will ignite but not continue to burn. 

Fuel %
This is the amount of raw fuel content in your oil sample given as a percentage of total 
volume.  Fuel dilution is common from cold starts with lots of idling and short trips.  This 
causes raw fuel to work past the piston rings and into your crankcase, which dilutes your 
oil and acts as a solvent, partially washing away the critical oil film and increasing wear 
between parts.  

Glycol %
Percentage of antifreeze (Glycol) found in a sample, given as a percentage of total 
volume.  Antifreeze will show up in an oil sample and indicate a coolant leak into 
the oil from such things as cracked engine blocks or cylinder heads, and leaking 
cylinder head gaskets. 

Water %
Percentage of water found in sample given as a percentage of total volume.  Moisture is 
common in short trip vehicles that don’t fully get the oil up to operating temperature long 
enough.  It generally takes 10 - 15 minutes for the oil to get to this temperature, which is 
enough to start evaporating the moisture in the sample.  The same goes for fuel in the sample.  
An occasional long highway drive is good for your oil’s health.

Soot %
Measured in percent (%) volume, soot is minute particles composed of soft carbon. 
It is a product of diesel fuel combustion resulting from blow-by, low temperature and 
overload operation, air/ fuel mixture, excessive idling and poor ignition. Soot levels 
reveal the engines overall combustion efficiency. It greatly reduces lubricating qualities 
of the oil by thickening the oil and impeding flow. Soot robs an engine of power, it 

causes a decrease in fuel economy and it decreases engine life by causing accelerated wear through 
abrasive action.

Oxidation
All engines, transmissions and drive-axle component oils oxidize! This reaction 
increases viscosity, causes formation of insoluble engine deposits and 
corrosive acids, which further increases component wear. Higher operating 
temperatures, fuel consumption, rapid additive depletion and substantial loss 
of power can also be expected when oil oxidation takes place. 



T R A A P CONTAMINATION
OIL CONDITION

WEAR

SEVERE
ABNORMAL
ABNORMAL

803 - Front Diesel Engine

RECOMMENDATION

CONTAMINATION

OIL CONDITION

WEAR

We advise that you check for the source of the coolant 
leak. We recommend that you drain the oil and perform a 
filter service on this component if not already done. We 
recommend an early resample to monitor this condition.

Sodium and/or potassium levels are high. Test for 
glycol is positive.

Oil Type: 27 QTS of PRO-SPEC III 15W/40

The oil is no longer serviceable due to the presence 
of contaminants.

The lead level is abnormal. All other component 
wear rates are normal.

Sample Date 10/14/05 12/19/05 06/14/06 Current UOM
Time on Unit 262804 288800 314532 339410 mls
Time on Oil 25000 25500 25732 24878 mls
Time on Fltr 25000 25500 25732 24878 mls
Oil Maint. changed changed n/a n/a - - -
Filter Maint. n/a changed n/a n/a - - -

Sample Date 10/14/05 12/19/05 06/14/06 Current Abn
Silicon
Potassium 382
Sodium 288 291
Fuel (%) <2.0 <2.0 <2.0 <2.0
Glycol (%)
Water (%) <0.1 <0.1 <0.1 <0.1
Soot (%) 3.3 2.6
Sulfation - -
Nitration

15 0.0 11 13
966 790 694
448 328

0.10 0.10 0.10 0.10

1.2 1.2
77 63 0
60 55 50 10

Sample Date 10/14/05 12/19/05 06/14/06 Current Abn
Iron 169 155 - - -
Nickel - - -
Chromium - - -
Titanium - - -
Copper - - -
Aluminum 14 - - -
Tin - - -
Lead 63 - - -
Silver - - -

55 98
2.0 1.1 0.9 0.9
8.1 1.2 4.3 6.0
0.3 0.0 0.0 0.2
2.9 2.9 7.7 3.4

8.4 6.3 7.8
0.0 2.0 0.0 0.0
11 30 6.8

0.0 0.0 0.0 0.0Report ID - VENLIUM (WUSCAR) 01840682 - Pg. 1

Sample Date 10/14/05 12/19/05 06/14/06 Current Base
Boron
Barium
Calcium
Magnesium
Molybdenum
Sodium 288 291
Phosphorus
Sulfur
Zinc
Visc@40C - - - - - - - - - - - -
Visc@100C 16.8
Oxidation
TAN
TBN

4.0 2.4 19 2.5
0.0 0.5 0.0 0.0

4140 4777 4360 4930
70 48 70 22
65 146 132 92

448 328
1274 1240 1079 989
5420 5437 4238 4605
1392 1256 1104 1152

15.97 14.36 16.2
60 75 70 20
— — — —

13.9 13.1 13.6 13.4

Unit Make : VOLVO
Unit Model : ISX
Comp Make : CUMMINS
Comp Model : ST2

Serial No : 79017302
Cust. Ref. No. : {n/a}
Stub No. : WC-M1071548

Date Rec’d : Sep 28, 2009
Sample Date : Sep 25, 2009
Diagnostician : Mark Brinson

Oils undergo destructive changes in properties when subjected to 
oxygen, combustion gasses and high temperatures. Viscosity change, 
as well as additive depletion and oxidation, will degrade the oil.
Additive Depletion 

Oil additives have a limited lifetime. Some are consumed as oil ages. For example, alkaline additives get used up 
by neutralizing corrosive acids produced by the combustion process. When the oils reserve alkalinity (TBN) falls 
below the minimum safe level, higher component wear can be expected.

Rust and corrosion inhibitors, anti-oxidants and film strength agents also reach a point when they can no longer 
carry on. Additive “dispersants” suspend contaminants, deposits and other combustion insolubles until they are 
removed from the system by oil and filter change out.

Once a dispersant becomes “loaded”, any added sludge, resin or soot will cause the oil to dump whatever it has 
collected… and refuse to collect anymore. This results in a rapid build-up of engine deposits.

BN
Base Number (BN) was called Total Base Number (TBN) in the past. The higher the BN, the more acid the oil 
chemistry can neutralize.

A good bit of the BN comes from the detergents in the oil formula. The detergents serve two principal functions. They 
chemically combine with solid combustion debris 
and thereby prevent the debris from accumulating 
on engine parts as deposits.

Detergents are also strong-acid neutralizers, 
changing combustion and oxidation acids into 
harmless neutralized products. Since there ARE 
chemical limits on Sulfated Ash, Phosphorus and 
Sulfur in engine oils other chemistries can be used 
to boost BN as well. 

AN
The AN (Acid Number) is the amount of potassium 
hydroxide measured in milligrams needed to 
neutralize the acids in one gram of oil.  When 
plotted on a graph with the BN, the point at which 
the two lines cross is the optimal point to change 
your oil and indicates nearing additive depletion.

Helping the Customer
The final laboratory report - whether received in an 
electronic form or as hardcopy - is the axle upon 
which any oil analysis program turns. Without a 
solid grasp of the underlying principles of reading 
and understanding the analysis report, the 
inexperienced recipient is likely to grow frustrated 
with trying to make sense of the seemingly 
unintelligible test data. However, with just a 
few basic rules and a basic understanding, any 
customer can quickly come to grips with reading 
and understanding an oil analysis report. 
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Silicon

Sodium

METALLURGY OF COMMON COMPONENTS
ENGINE

Cylinder Block 
Gears

Crankshaft
Wrist Pins
Camshaft

Valve Train
Oil Pump

Liners

Wrist Pin-
Bushings 

Bearings - (Near 
Failure)

Cam Bushings
Oil Cooler
Valve Train
Bushings

Thrust Washers
Governor
Oil Pump

Pistons
Bearings
Bushings

Block (Some)
Housing
Oil Pump
Bushings
Blower

Thrust Bearings

Rings
Roller/Taper

Bearings (Some)
Liners

Exhaust Valves
Water

Treatment

Pistons
(Overlay)
Bearings
(Overlay
Bushings

Pistons
(Overlay)
Bearings
Gasoline

Octane Improver

Ingested Dirt

Oil Additives
(Some)

Antifreeze
Road Salt

TRANSMISSION

Gears
Discs

Housing
Bearings

Brake Bands
Shift Spools

Pumps
PTO

Clutches
Steering Discs
Bushing/Thrust

Washers
Oil Cooler

Pumps
Clutch (Some)

Thrust
Washers
Bushings

Roller/Taper
Bearings
(Some)
Water

Treatment
(Oil Cooler)

Bearings

Bearings

Disc Lining
Ingested Dirt

Oil Additives
(Some)

Antifreeze
Road Salt

DIFFERENTIAL

Gears
PTO

Shafts
Bearings
Housings

Bushings
Thrust

Washers
Oil Pumps

(Where used)

Thrust
Washers

Pump
Bushings
(Some)

Roller/Taper
Bearings
(Some)

Bearings

Bearings

Ingested Dirt

Road Salt

PLANETARY

Gears
Shafts

Bearings
Housings

Bushings
Thrust

Washers

Roller/Taper
Bearings
(Some)

Bearings

Bearings

Ingested Dirt

TORQUE
CONVERTER

Housing
Bearings
Shafts

Bushings
Thrust

Washers

Impeller
Turbine

Pump (Some)

Roller/Taper
Bearings
(Some)

Bearings

Bearings

Ingested Dirt

Oil Additives
(Some)

Antifreeze

HYDRAULIC
POWER
SYSTEM

Pump/Motor
Vanes
Gears

Pistons
Cylinder Bores

and Rods
Bearings
Valves

Pump Housing

Pump Thrust
Plates

Pump Pistons
Cylinder
Glands
Guides

Bushings
Oil Cooler

Impeller
Turbine

Pump (Some)

Rods
Spools

Roller/Taper
Bearings
(Some)

Ingested Dirt

Oil Additives
(Some)

Antifreeze

FINAL
DRIVE

Gears
Bearings

Shaft
Housings

Bushings
Thrust

Washers

Oil Pump
Thrust

Washers

Roller/Taper
Bearings
(Some)

Bearings

Bearings

Ingested Dirt

Oil Additives
(Some)

GEAR
REDUCTION

BOX

Gears
Shaft

Bearings

Bushings
Thrust

Washers

Thrust
Washers
Oil Pump
(Some)

Bushings

Roller/Taper
Bearings
(Some)

Bearings

Bearings

Ingested Dirt

Oil Additives
(Some)

AIR
COMPRESSOR

Crankshaft
Block

Housing
Screws

Bearings
Shaft

Oil Pump
Piston Rings

Cylinder

Wear Plate
Bushings
Wrist Pin
Bushings
Bearings
(Recip)
Thrust

Washers

Rotors
Pistons

Bearings
Thrust

Washers
Block

Housing

Rings
Roller/Taper

Bearings
(Some)
Water

Treatment
(Overlay)

Pistons
(Overlay)
Bearings
(Overlay)

Bearings
Bushings

Ingested Dirt

Oil Additives
(Some)

Anitfreeze



• Texas	 Refinery	 Corp	 has	 a	 long	 history	 of	 developing	 and
manufacturing premium maintenance products with one thought
in mind...unprecedented quality for our customers.

• Texas	Refinery	Corp	understands	that	protecting	your	investment
is paramount, and offering solutions to achieve this is what we
do, and have done since 1922.

• With	 countless	 years	 of	 experience	 our	 well	 qualified	 Sales
Team, Factory Personnel, Lab Technicians, and Management
Team, can deliver what few others can . . . a history of success.

• TRC makes the difference in lowering costs by providing oils with
enhanced additive chemistry, and by partnering with WearCheck
USA to analyze TRC used oil and provide in-depth diagnosis of
the lubricant and equipment.

• Individuals and companies who choose TRC are not only
customers, they are part of the TRC family, and treated as such.

OVER 90 YEARS OF SUCCESS

With over 90 years of experience in our industry, we are 
ready and waiting to assist you.

Contact your local representative today or contact MPG's Home Office.

Texas	Refinery	Corp
Made in the USA Since 1922
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