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Introduction

This course is an introduction to the analysis of used lubricating fluids.
It provides insight into the basic principles and test methodologies used
within this field. It is ideal for those who service or maintain mechanical
equipment and those who market AMSOIL products.

Section Objectives

After studying Section 1, you should understand and be able to explain the
following terms and concepts:

How oil analysis is conducted

Three main categories of oil analysis

Oil analysis as preventative maintenance

Benefits of a routine oil analysis schedule

How oil analysis can be applied as a sales tool

Negative aspects of too frequent oil changes

Typical oil analysis intervals as well as the interval schedule for more
critical applications

8. Significance of equipment age when determining an oil’s integrity
9. Four element types that are measured by oil analysis

10. Two methods for evaluating an oil’s integrity

11. The significance of trending

NounkswNE

Section Keywords

The following keywords will be explained in this section. Pay particular
attention to their meanings as these concepts will serve as building blocks
for future lessons.

Additive Elements

Element Level versus Time on Oil
Contaminants

Contaminant Elements
Multi-Source Elements

Oil Analysis

Parts Per Million per Mile/Hr
Repeatability
Reproducibility

Trending

Wear Debris
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What is Oil Analysis? What is Oil
Analysis?

The basic function of oil analysis is to ensure the fundamental Advantages of Oil

performance of the lubricating fluid and equipment. It is the process of Analysis

analyzing a lubricant’s chemical and physical properties in order to detect
lubricant or equipment issues before major problems develop. Oil analysis
serves as a valuable preventative maintenance tool, allowing an accurate
scientific look at the lubricant’s service condition as well as the condition
of the operating equipment.

The four primary areas of focus include physical fluid properties,
contamination, additive metals and wear debris. The additive metals
category focuses on chemical properties of the oil and compares them to
baseline metals previously established for the oil.

Functions of Oil Analysis

1. Ensure the performance
quality of the oil

Identify potential equipment
or oil deficiencies before

a mechanical breakdown
occurs

Provide the information
for users to be proactive
about oil and equipment
maintenance, rather than
reactive

Figure 1.1
Oil analysis has a number of useful functions and is able to determine baseline fluid properties

Fluid contamination assesses concentrations of solid particles, such as

dirt and dust, and other contaminants, including water and coolant.
Contaminants are any particle or foreign matter within the oil that inhibit
its performance. Solid contaminants can compromise metal surfaces,
leading to premature equipment failure. Water and coolant contamination
also break down lubricants and cause accelerated wear due to lack of
lubrication.

Wear debris relates specifically to the internal condition of the equipment.
The number of wear particles, as well as their size and shape, can give an
accurate picture of the machine’s condition. The test methods used to
examine these properties will be discussed in detail later in this course.

Advantages of Oil Analysis

Oil analysis provides users with information regarding a piece of
equipment. When conducted as part of a routine preventative
maintenance program, trending values provide important information
about the condition of the equipment and offer clues to impending
failures. This information provides the opportunity to be proactive
with service maintenance, providing scheduling and budget-planning
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gillAné}lySIiS asa convenience for the operator. Unexpected failures that occur on the
ales 100 road or during normal operation are likely to be costlier than scheduled
maintenance procedures.

The effectiveness of equipment maintenance procedures and service
intervals can also be verified through oil analysis. Maintenance performed
too frequently offers little to no benefit and increases operational costs
unnecessarily, while maintenance intervals that are too infrequent

can result in expensive equipment failures. Oil analysis allows users to

be proactive instead of reactive, providing the opportunity to reduce
operational expenses and downtime.

An overlooked but invaluable benefit from routine oil analysis is the peace
of mind from knowing that the equipment and lubricant are in sound
operating condition. When an equipment owner/operator is concerned
about the integrity of the equipment, oil analysis is an economical,
accessible and scientifically accurate method to address those concerns.

Although there is a cost to oil analysis, it is important to consider the value
it can provide. For example, the cost to outright replace the engine in a
class 8 truck at today’s prices could be tens of thousands of dollars, while
the cost for an oil analysis program is significantly less.

Oil Analysis as a Sales Tool

Oil analysis can be an effective sales tool to build credibility in the eyes of
the consumer looking for hard data to back up product claims. It can also
be used to demonstrate advantages offered by one product over another.
Oil analysis is a resource for diagnostic investigations and provides a sound
basis for corrective action.

Oil analysis can be used to verify the extended drain interval performance
of AMSOIL synthetic oils. Most consumers are accustomed to oil drain
intervals of 3,000 - 6,000 miles — a notion that persists in consumers’
minds. Because of this, convincing them to try extended drain intervals
can be challenging. Oil analysis can be the tool that provides proof of safe
operating conditions and improved performance.

Prove the safety of extended drain intervals while using
AMSOIL synthetic motor oils

Validate the improved performance of AMSOIL

synthetic motor oils over the competition

Provide the hard data to back up product claims

Figure 1.2
Oil analysis can be used as a sales tool

Prove Extended Drain Intervals are Safe

Many vehicle owners are resistant to extending the intervals between
oil changes. The resistance is understandable considering that vehicle
manufacturers and many oil companies have been prescribing relatively
frequent oil drain intervals for a long time.

Oil analysis can be used to validate that AMSOIL synthetic motor oil is
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capable of lubricating and protecting against wear, sludge and deposits Determining if Oil

. . Analysis is
longer than conventional oils. Warranted

Increase Equipment Reliability

Unexpected breakdowns cost more than scheduled maintenance. By taking
advantage of oil analysis, owners can get a clear picture of the equipment’s
operating state, whether engine components are wearing at an acceptable
rate or are showing signs of accelerated deterioration. By using this
information, appropriate measures can be taken to repair troublesome
components before an unexpected and costly failure occurs.

Normalize Equipment Operation with Trending Data

Developing wear trends that are characteristic to a particular piece of
equipment permits precise recommendations based on the assessment of
the lubricant and equipment.

Enhance Equipment Resale Value by Exhibiting Component Integrity

Oil analysis records can be used to show potential buyers that a piece of
equipment is in good condition. If mechanical repairs are necessary, past
repair records can corroborate proper maintenance measures were taken.

Reduce Un-Needed Maintenance and Oil Waste

AMSOIL has an ongoing condition-monitoring service that is managed
at AMSOIL headquarters. Oil analysis has frequently shown that AMSOIL
synthetic motor oil is suitable for use beyond the general guidelines,
helping to reduce oil waste, maximize oil installation costs and minimize
routine maintenance.

Determining if Oil Analysis is Warranted

Determining if a piece of equipment would benefit from oil analysis
requires review of the following areas:

1. Equipment Age
Typically, newer equipment provides more payback than equipment
nearing the end of its life expectancy.

2. Value of Equipment/Downtime
The value of equipment, in terms of replacement cost and/or
operational loss while the equipment cannot be operated, should be
considered when determining the value of an oil analysis program.

3. Cost of Analysis vs. Cost to Replace Oil
Performing oil analysis on a small reservoir may not be cost-effective in
all situations; however, replacing the oil in a 100-gallon reservoir costs
significantly more than oil analysis.

4. Customer Concerns
The peace of mind that comes from knowing whether a problem
exists or not is many times worth the investment, even with smaller
reservoirs.
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Oil Analysis Intervals Oil Analysis Intervals
82:25?&”9 an il When should oil analysis be performed? The answer depends on the
equipment, the frequency at which it is used and service severity.
Typically, oil analysis is performed at prescribed intervals. This interval
schedule allows a baseline to be established to assist analyzers in isolating
equipment failures. Qil analysis baselines establish typical values for wear
metals and fluid characteristics for a particular piece of equipment. As
more data points are collected, a more accurate baseline is established,
and deviations from the norm are more easily distinguished.

The suggested intervals shown in Figure 1.3 are for conventional (non-
synthetic) oils only. When using AMSOIL synthetic motor oils, the

AMSOIL recommended interval should be followed. For instance, if the
recommended oil drain interval for an AMSOIL product is 3x the Original
Equipment Manufacturer (OEM) drain interval (e.g. 7000 miles), the
AMSOIL product may be used for 21,000 miles. To extend the oil’s service
beyond the 3x OEM recommendation, oil analysis should be conducted. If
oil analysis determines the oil is suitable for continued use, the oil should
be tested at the intervals recommended in Figure 1.3.

COMPONENT INTERWAL SUGGESTED METHOD & LOCATION

Gk ERgines 125 Hewirsi' 7,500 il By MACLRIT pUMp 'El'-rl:‘l.-ﬂh dipstick retaining
Digsel Ergines 250 Hiurss/15, 000 miles fubse or samphe vabee instalied in fitter return
Gear, Diferentisls & 350 Hiurs By vacisum pump through ol level plug or
Firal Dif e, - dig STCk Fetaring T
By vdfwaim pamp thecugh ol B pon o

L
Planetarios 250 Hours pt st s Py e
Cocling System 1,000 Hioirs Sy vatuum pump throwgh radiator cap or

#ill part of systern reserecer at mid-heagl

b — By vatwum pump through oil #i8l port of
Hydraulics 250 - SO0 Howrs LR PESETDIr 3 mid e

Through samake valve instalied upsiream of
ot Turbirst Morilly of every 500 Raurs gl Mg o Bl pebunn line oF aul of The
wyibem FESEEHT

Through samgle valve indlalled updtream of
teeam Turbines Be-muanthly oo monthhyquarterty the Flter on the return line or ouf of the
WL FESEreHr

Theough sample wvalve indtalled upstream of
Ganfiir Compressors Monthiy or at S50 hours/guarterty the filter on the return line or out of the
TSEE ML PESETAMT

Figure 1.3
Lubrication interval and method chart

Oil analysis is also appropriate when problems occur or there are questions
or concerns regarding the operation of the equipment. For example, it

can reveal excessive fuel dilution from fuel injector problems or excessive
coolant in the oil from a water pump leak.

Obtaining an Oil Sample

Proper procedures need to be followed to ensure accurate results and
proper delivery of the sample to the testing laboratory. OIL ANALYZERS
INC. recommends the following safeguards be taken when collecting an oil
sample.
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1. Collect a 4 — 8 oz. sample of oil (2 — 4 oz. absolute minimum). é'\LflnS@L Suction

2. Place in a clean and unbreakable container. Sampling kits are available
through the AMSOIL online store. The complete oil analysis testing kit
includes all of the testing materials, registration card and postage.

3. Samples should be collected at or near operating temperatures.

4. Collect the sample from an area that represents the overall system:
typically from the center of the reservoir.

5. Seal and package the sample bottle appropriately.

There are three common methods for collecting an oil sample. All
materials necessary for obtaining an oil sample are available through the
AMSOIL online store.

To find the oil analysis kits online, select the Services tab in the main
navigation bar located at the top of the AMSOIL website. Select Oil Analysis
Services from the drop-down menu to see the full list of oil analysis
products from OIL ANALYZERS INC.

AMSOIL Suction Gun

A new sample bottle is attached
to one end of the gun and a
- new section of sampling hose
Sampling Tube s attached to the pump fitting.
It is important that clean
collecting materials are used
-— Probe Meedle  at each collection to avoid
contamination.

- ampleBattle  The hose is inserted into the
(Sold Separatelyl o quipment reservoir via a filler
or dip-stick tube. Care must be
taken to avoid inserting the hose
Zipﬁjéléils':mpnng - deeper than the center of the
reservoir. Pulling the plunger
on the gun creates a vacuum
within the sample bottle and draws the oil inside. It is not necessary or
recommended to fill the bottle completely because this could cause oil to
be drawn into the gun itself and contaminate future samples. To prevent
contamination, never reuse sampling bottles or sections of the hose.

Sampling Port

The second method uses an existing sampling port on the equipment
which requires the equipment be operating to collect the sample. Open
the sampling valve and allow a small amount of oil to flush contaminants
from the valve. Place the sampling bottle under the valve and obtain the
sample. Ensure the sampling valve is securely closed once the sampling
process is complete.

Reservoir Drain Plug
The third method uses the equipment’s reservoir drain plug which requires

Oil Analysis Fundamentals
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Required oil to be drained from the plug for a few moments so contaminants that
Information for . .
Proper Analysis have settled around the drain are flushed out. Place the sample bottle in

the oil stream and collect the sample. Using the reservoir drain plug is the
least desirable method for obtaining an oil sample because the bottom

of the reservoir contains elevated amounts of contaminants. It should be
used only when the other options are unavailable.

Figure 1.5
Drain plug and sampling port

Mobile Sampling Locations

Appropriate sampling locations for automobiles, light- and heavy-duty
trucks and over-the-road trucks include the oil dipstick tube, the reservoir
drain plug or petcock valve if one has been installed. While oil samples can
be taken from the oil filter, this method is the least preferred due to the
high amounts of contaminants retained in the filter.

Industrial Sampling Locations

Common sampling locations include the oil reservoir, oil filter, sampling
port and filtration mount. If excess wear is detected in industrial
applications, samples can be taken immediately before or after particular
components, such as pumps or valves, to help isolate which component is
producing excess wear elements.

IR

Figure 1.6
Sampling locations diagram

Required Information for Proper Analysis

A great deal of analytical data is generated when oil analysis is
performed. Proper interpretation of that data requires complete and
accurate information be provided by the customer to ensure proper
recommendations are made. If accurate or complete information is not
provided to the laboratory, vital clues will be missed, and subsequently,
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interpretations and recommendations won’t reflect this critical Choosing a Test
information. For instance, if a customer only supplied the information Laboratory
“truck” for Manufacturer/Model, valuable data developed on the specific
component will not be used in the interpretation of results.

Laboratories generally provide a submission form to be completed by the
customer and returned with the fluid sample. Different information may
be requested by different oil analysis laboratories; however, most labs will
require the following:

1. Proper identification of the equipment/component
Name, make, model, year manufactured
2. Proper identification of the lubricant being used
Brand name, type of product, viscosity grade
Miles or time accumulated on the equipment since new or rebuilt
Date the oil sample was taken
Date the fluid and fluid filters were last changed
Indication that prior analysis has been conducted for the equipment (to
allow for accurate interpretation)
7. Indication that recent maintenance has been conducted on the
equipment

ounkw

Choosing a Test Laboratory

There are numerous laboratories

¥ throughout North America that are
capable of performing oil analysis.

Listed below are several factors to

consider when making a decision

about which laboratory to use.

Tests Conducted

. There are a wide variety of tests

i¥| and test methodologies available.

’ Laboratories must provide testing
il ‘- that is appropriate for particular

- : appllcatlons and concerns,

especially when dealing with synthetic oil. Keep in mind that there can be

several test methods available to obtain data in a specific area. Each test

has its own natural level of variability.

Cost

The actual cost of an analysis can vary significantly. Generally, the greater
the number of tests run on an oil sample, the greater the cost. Make sure
to get the sample kit that provides all the information required for the
particular analysis.

Turnaround Time

This refers to how rapidly the tests will be conducted and how quickly
the information will be forwarded to the customer, which can be critical
depending upon the application. OIL ANALYZERS INC. provides a 24 - 48
hour turnaround time for most testing.

Receiving Test Results
OIL ANALYZERS INC. results are communicated via mail, fax or email, in
addition to viewing through a computer database. OIL ANALYZERS will
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contact customers immediately if a serious situation has been noted.

Understandable Interpretation

The raw analytical data generated through oil analysis can offer little to
those not trained in the field. OIL ANALYZERS INC. reviews the test results
and provides understandable recommendations and direction to the
customer.

Understanding of Synthetic Oil

Not all oil analysis laboratories are equipped to test synthetic oils, which
contain base oils that can produce misleading test results when tested
by laboratories unfamiliar with these products. Make sure the testing
laboratory is capable of accurately testing synthetics.

Analysis Results and Interpretation

Element analysis is important to determine acceptable concentration
levels. Contaminant levels should always be zero in new fluids, but may
show up as a few parts per million based on cleanliness of the sump/
reservoir or test equipment being used. Additives should generally
correspond to those levels found in the new or unused sample of oil being
tested.

Acceptable wear levels for wear elements can vary for the following
reasons:

1. Identical equipment can create different wear rates

2. How equipment is used affects wear rates
A car subjected to continuous stop-and-go driving experiences greater
wear than a car operated continually at highway speeds.

3. Age of the equipment
Internal wear is significantly higher during equipment break-in

4. Length of time the oil has been in service
5. Lubricant quality

It is important to know the equipment’s age when determining whether or
not wear metal levels have become excessive. The Equipment Age/Rate of
Wear graph, Figure 1.7, shows the typical rate of wear that occurs over the
life-span of a piece of equipment.

The rate of wear is high while new components are breaking in or seating
themselves. Once this has occurred the rate of wear stabilizes and remains
stable over the majority of the equipment’s life. As equipment nears

the end of its life, or in the event of a failure, the rate of wear increases
significantly. In order to properly interpret oil analysis data, it is important
to know where a piece of equipment falls on this curve at the time the oil
sample was taken.

Knowing the length of time a fluid has been in service is also critical to
properly interpreting the level of a wear element. The Comparative Wear
examples in Figure 1.8 show wear levels and concentrations of common
wear elements. Note that the levels of wear elements are significantly
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Equipment Age / Rate of Wear

8.—
Breakdown
%
S
=
D 1 1 i 1 ] | | | | i |
0 10 20 30 40 50 60 /70 80 90 100
Enuinment Life Snan %
Figure 1.7

Wear rates as related to equipment life span

higher in sample B. One might initially conclude that the vehicle in sample
B is wearing faster than the vehicle represented in sample A.

A closer look reveals that in sample B, the oil has been in service five times
longer than sample A. Therefore, the rate of wear is the same between the
two vehicles because the concentration of wear elements in sample B is
approximately five times greater than in sample A.

Comparative Wear Metals

Miles 'Ll:l{:l ¥ IFam Lead Aliuirpinim
Lin LHl i Fe 41 |

A (50 4 21 1 B

E. 15,250 i 105 15 40

Figure 1.8
Comparative wear metals example

The concentration of wear elements is proportional to the length of time
the oil has been in service. If the normal wear concentration of iron in a
vehicle with a recommended drain interval of 6,000 miles is 25 parts per
million (ppm), it’s expected that at 3,000 miles, the concentration of iron
should be roughly 12.5 ppm. At 12,000 miles, iron levels should be at
approximately 50 ppm, indicating normal wear.
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Methods for
Evaluating Oil
Integrity

Methods for Evaluating Oil Integrity

When assessing the condition of the test oil, laboratories use similar
equipment for comparative purposes. Discussed below are the two
common methods for determining wear rates. The first, Element Level
vs. Time on Qil, is a comparative method using proportional values. The
second method is the Parts per Million per Mile/Hour, which determines
the amount of wear generated in a single mile or hour of operation.

Element Levels vs. Time on Oil
The Element Level vs. Time on Oil method for evaluating the oil’s integrity
requires an evaluation of wear rate over time on the oil.

Using the example of the vehicle with a recommended 6,000-mile oil
drain and typical iron wear-metal concentration of 25 ppm, calculating
the anticipated iron concentrations for the life of the vehicle is relatively
simple. The projected iron wear-metal concentrations for this vehicle are
graphed in Figure 1.9, shown in blue and labeled “Projected.” Actual wear
concentrations are shown in red and labeled “Actual.”

As shown, initially the iron wear-metal concentrations for the actual
vehicle were only marginally higher than typical values. But, at 6,000 miles
the iron levels rose significantly higher than projected.

BO [ Bl o
il - Prajected
[ = ﬁ’ﬂ B
=
;
7]
il
&
=
£
&
0 i 3000 &000 SO0 12000
Miles on il
Figure 1.9

Iron wear levels; projected vs. actual wear-metal levels
*This chart does not include a break-in period
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Application
Calculating with Element Level vs. Time on Oil

Vehicle A has a recommended drain interval of 5,000 miles. Typical iron
wear-metal concentrations for the recommended drain interval are 20 ppm.

Vehicle B has a recommended drain interval of 6,000 miles. Typical iron wear-
metal concentrations for the recommended drain interval are 30 ppm.

Q1. What would the expected iron concentration be for vehicle A at 15,000
miles?

Q2. At 7,500 miles the owner of vehicle A was concerned about the operation
of the vehicle and decided to have an oil analysis performed. Iron wear-

metal concentration levels at 7,500 miles were 42 ppm. What does this value
indicate?

Q3. What would the expected iron concentrations be for vehicle B at 15,000
miles?

Parts Per Million (PPM) per Mile/Hour

An alternate method for determining the condition of the test oil is

to calculate the amount of wear generated in a single mile or hour of
operation. This is known as the Parts Per Million per Mile/Hour value.
This is the preferred method when comparing wear rates because it
normalizes for miles/hours so it can be compared versus other equipment
and lubricants. Values derived in this manner may be accurately compared
regardless of the miles or hours of service on the oil.

To calculate the amount of wear generated in single mile or hour, the miles
or hours are divided by the element concentration.

If the wear-metal concentration of iron was 25 ppm at 6,000 miles, the
PPM/Mile calculation would be:

25+ 6,000 = 0.0042

In other words, 0.0042 particles of iron are suspended per million particles
of oil in every mile driven. For this example, the value 0.0042 ppm can

be considered a reasonable baseline value for iron wear in this vehicle.
Concentration values lower than the baseline would indicate safe wear
levels of iron. Values greater than the baseline would indicate wear
occurring within the system, where corrective action may be needed and

Parts Per Million
(PPM) per Mile/
Hour
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