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+ Data Interpretation
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Lubricant Functions

+ Why do we need Lubricants?

— Reduce Friction.

= This is the primary function of a lubricant.
— Support a Load.
— Remove Heat.
— Neutralize Acidic By-products.
— Prevent Corrosion.
— Prevent formation of:

« Carbon Deposits

+ Varnish

« Sludge

i
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Lubricating Oil Film

» Hydrodynamic Lubrication

“ia - Mixed Lubrication
—

e
=

» Boundary Lubrication

e
uﬂr - Elastohydrodynamic (EHD)

» Hydrostatic Films

Image coutesy ImperalOil
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Lubricating Film

« The interacting surfaces are separated by a lubricant with an oil
film of varying thickness.

l J AV -
Mean Film Thickness % ST
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Hydrodynamic Lubrication

« Complete oil film with no surface contact.

« Film thickness depends on viscosity, speed, pressure or load.

PWAY. (VW Y
SO W A >4
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Mixed Lubrication
« Since the specific film thickness equation uses mean values,

some asperities may still contact each other when the A is equal
to or greater than 1.

PVAY. IV
W

1<Ai<4
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Boundary Lubrication

« Significant asperity contact, further protection required from anti-
wear or extreme pressure additives.

SACRAEOG 1<
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Elastro-Hydrodynamic (EHD)

« Extremely high contact
pressures produce a solid
film that causes elastic
deformation of the surfaces.

+  Ocecurs in both anti-friction
bearings and gears.

Image coutesy ImperalOil

5/6/2022

FLUID & LIFE couonton.as | sranTroRo, o | MMNEAPOLIS, MN | IRVING,TX  Tovuraee 8770622800 s e con

OUIPHENT RELIABILITY SERVIGES

10

Hydrosatic Films

+ Oil pressure supplied from
an external source lifts and
supports the load.

shaft

» No relative motion is
required to produce an . L
adequate oil film.

bearing |
od pump

from of supply
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Stribeck Curve
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Agenda

+ Fundamentals of Lubricants

— Lubricating Oil Films
— Oil Properties
— Base Oil Types 3
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Lubricating Oil Properties

« Viscosity

= Viscosity Index

« Density / Specific Gravity
+ Flash Point / Fire Point

» Pour Point

+ Cloud Point
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Viscosity

* Measurement of the oil’s internal resistance to motion.

Courtesy Imperial Ol
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Viscosity

+ As the temperature increases the viscosity will decrease.

VISCOSITY

TEMPERATURE

5/6/2022
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Viscosity

+ As the temperature increases the viscosity will decrease.

VISCOSITY

PRESSURE
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Viscosity

+ Load carrying capacity increases with viscosity.

VISCOSITY

LOAD CARRYING CAPACITY
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Viscosity

» How is viscosity affected by
the shear rate over time?

5/6/2022
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Viscosity

Viscosity will not change with increasing shear rate in
Newtonian fluids.

VISCOSITY

SHEAR RATE
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Viscosity

Viscosity will decrease with increasing shear rate in non-
Newtonian fluids.

Shear Thickening

VISCOSITY

Shear Thinning

SHEAR RATE
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Viscosity

+  Kinematic:
— Measure of fluid’s resistance to flow under gravity.
— Derived from the time taken for a lubricant to travel through a capillary
tube.
— Unit of measure - Stoke (St):
« =1cm?/second
« Typically reported as centistoke - (cSt): = 1 mm?2/ second.

+ Absolute:
— Measure of a fluid’s resistance to flow under an applied force.
— Derived from the force required to turn a spindle submerged in a lubricant.
— Unit of measure - Poise (P):
+ =dyne * s/lcm? = 10uN * s/cm?
« Typically reported as centipoise (cP):Absolute Viscosity = Kinematic Viscosity x
Density

5/6/2022
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ISO Viscosity System

1SO. MID POINT
VISCOSITY | @40°C (cSt)
GRADE
2 22 1.98 242
3.2

3 : 2.88 352
5 46 4.14 5.06

7 6.8 6.12 7.48

10 10 2.0 1.0 1ISO SYSTEM
15 15 135 165

0,

22 22 19.8 242 +/-10%

32 32 28.8 35.2

46 46 414 50.6 EXAMPLE
68 68 61.2 74.8 ISO VG 32
100 100 90 110

150 150 135 165 Range 28.8 to
220 220 198 242 35.2cSt@
320 320 288 352 40°C

460 460 414 506

680 680 612 748
1000 1000 900 1100
1500 1500 1350 1650
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SAE J300 (2013) Viscosity Classification

KINEMATIC KINEMATIC HIGH SHEAR
RATE

SAE Low Low
VISCOSITY | TEMPERATURE | TEMPERATUR
GRADE

CRANKING E PUMPING 100°C, MIN 100°C, MAX ABSOLUTE
VISCOSITY, VISCOSITY, (cSt) (cSt) VISCOSITY @
MAX (cP @ °C) | MAX (cP @ °C) 150°C, MAX (cP)
ow 6200 at -35 60 000 at -40 3.8 - -
5W 6600 at -30 60 000 at -35 3.8 - -
10w 7000 at -25 60 000 at -30 4.1 - -
15W 7000 at -20 60 000 at -25 5.6 = =
20w 9500 at -15 60 000 at -20 5.6 - -
25W 13000 at-10 60 000 at-15 9.3 = =
16 - - 6.9 <8.2 213]
20 - - 6.9 <9.3 26
30 - - 9.3 <125 29
40! - - 12.5 <16.3 29
402 - - 125 <16.3 3.7
50 = = 16.3 <21.9 3.7
60 - - 21.9 <26.1 3.7
1 with OW-40, 5W-40 and 10W-40 grades 2with 15W-40, 20W-40 and 25W-40 grades ‘A"‘]q =)
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Why Consider 0W-30?

SAE VISCOSITY AT | VISCOSITY AT
VISCOSITY 40°C (cSt) 100 °C (cSt)

GRADE

5W-30 65 11.0
0W-30 69 12.2

5/6/2022
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SAE J306 (2005) Gear Oil Classification
SAE VISCOSITY MAXIMUM MINIMUM MAXIMUM
GRADE TEMPERATURE FOR VISCOSITY VISCOSITY
VISCDSITY(?CF) 150,000 cP (cSt @ 100°C) (cSt @ 100°C)
70W
75W -40 4.1 =
8ow -26 7.0 -
85W -12 11.0 =
80 - 7.0 <11.0
85 - 11.0 <135
90 - 13.5 <185
110 - 185 <240
140 - 240 <325
190 = 325 <41.0
250 - 41.0 -
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TQUIPMENT RELIABILITY SERVICES N 3
Multi-grade oil chart
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What product has the right viscosity?

Viscosity - Temperature Chart

1,000
—SAE 40

= —SAE 80W-90
3
)
100 —R801SO150  |—]
< =
£ —
5
o
g —
g 10
s

1

40 50 60 70 % 100
Temperature, Celcius
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Viscosity Index

+ Vlis a unit less number indicating the effect of temperature on
the viscosity of an oil.

« The higher the VI the less effect temperature has on the
viscosity

VHVI - very high viscosity index (~130)
UHVI - ultra high viscosity index (~150)

VISCOSITY (cSt)

SAE OW-30 (VI 175)
SAE 5W-30 (V1 150)

SAE 30 (VI 100)

20°C 100°C

"
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Consequences of Incorrect Viscosity

+ Too High: « Too Low:

— Poor oil flow and lubrication — Shearing (loss of oil film) leads
to bearings. to high wear.

— Increased energy consumption. — Insufficient lubrication at

~ High temperature causes - high temperatures, low speed,
build up of products of oxidation. and/ or high load.

— Inadequate defoaming / — Loss of energy due to friction.
demulsifying properties. — Internal or external leakage.

— Cavitation.

— Reduced pumpability during
cold starts.
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Density / Specific Gravity

« Typical specific gravity of a
lube oil is in the range of
0.85-0.90, where water = 1.

« Density would be expressed
as 850 kg/m? or 0.85 kgl/l.

5/6/2022
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Flash and Fire Point

« The flash point is the temperature at which the air vapor mixture
above the surface of the oil will flash in the presence of a flame.

« The fire point is the temperature at which there is sufficient
vapor to sustain combustion for 5 seconds.
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Pour Point / Cloud Point

« Pour Point

— The temperature at which there is no movement in the oil, when
tipped at 90°, for 5 seconds.

— Influenced by wax crystallization.

+ Cloud Point

— The point, as the temperature is lowered, at which the lubricant
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Agenda
+ Fundamentals of Lubricants

— Lubricating Oil Films
— Oil Properties
— Base Oil Types 3
— The Functions of Lubrig@r{ Addi
— Grease Properties
« Contamination Sources and §
« Oil Sampling Basics
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« Data Interpretation
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Base Oil Types

CRUDE OIL SYNTHETIC BASESTOCK
—

, FORMULATED LUBRICANT |
/i\ | NATURAL GAS
S

(optional)
MINERAL "
[ BASESTOCK ADDITIVES
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Lube Base Oils - API Classification

BASE OIL CHARACTERISTICS

AP| sulfur WT SATURATES  VISCOSITY  MANUFACTURING
GROUP % WT % INDEX METHOD
| >0.03 and/or <90 80-119 Solvent Refined
[} <0.03 or >90 80-119 Hydroprocessed
i <003 or >90 120+ SRl
Hydroprocessed
\% Polyalphaolefins (PAO) 125-200+ Oligomerization
\ All other base oils not included above Various

i
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Hydrotreated Oils

+ Pros:
— May use poor quality crude.
— Lower operating costs.
— Typically have higher VI's.
— Improved oxidation resistance.
— Improved high temperature stability.

» Cons:
— Higher capital costs.
— Requires hydrogen supply.
— High pressure units.
— Skilled technicians.
— Different additive package.

5/6/2022
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Synthetic Oils

ITHETIC COMMON APPLICATIONS

Polyalphaolefins (PAO) Most Mobile & Industrial Lubricants
Alkylbenzenes Refrigeration Compressor

Diesters Compressors, co-synthetic with PAO
Polyolesters (POE) Jet Engines, Refrigeration Compressors

Polyalkylene Glycols (PAG) Natural Gas & Refrigeration Compressors
Phosphate Esters Fire Retardant Hydraulic Fluids

Silicones Heat Transfer Oils

i
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Polyalphaolefins (PAO)

+ Pros:
— Low pour point.
— Long oxidation life.
— Lower volatility.
— High Viscosity Index.
— More energy efficient.

+ Cons:
— Limited biodegradability.
— Cost not conducive for:
+  Once-through systems.
« Leaking systems.
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Diesters

* Pros:
— Long oxidation life.
— Lower volatility.
— High Viscosity Index.
— Good biodegradability.
— Examples:
+ Anderol 500 & 750

+ Cons:
— Bad hydrolytic stability.
— Limited compatibility with
seal materials and paints.

5/6/2022
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Polyglycols

+ Pros:
— High temperature, low
coking tendency.
— Examples:
« Sullube 32
« Ingersoll-Rand SSR
+ Summit Supra 32

+ Cons:
— Water soluble.
— Hydrocarbon soluble.
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Phosphate Esters

+ Pros: + Cons:
— Excellent thermal stability, — Very high price.
fire resistance. — Low viscosity index.
— Good for high pressures. — Limited seal material
— Excellent anti-wear. compatibility.
— Examples: — Not miscible with mineral

* Reolube oils.
* Houghton 900 May attack some metal
surfaces, paints.
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Polyolesters

« Pros:
— High temperature stability.
— Low volatility.
— Examples:
« BP Turbo Oil 2380
+ Mobil Jet Il

« Cons:
— Limited compatibility with
seals and paints.
— Poor hydrolytic stability.

5/6/2022

OUIPHENT RELIABILITY SERVIGES

FLUID & LIFE couonton.as | sranTroRo, o | MMNEAPOLIS, MN | IRVING,TX  Tovuraee 8770622800 s e con

43

Silicones

« Pros:
— High viscosity index.
— Low pour points, good low
temperature fluidity.
— Fire resistant.
— Waterrepellent.
— Low volatility.
— Great oxidation stability.
Example:
« Dow Corning 200

« Cons:

Extremely high cost.

— Worst mixed film lubrication
properties.

— Not miscible with mineral oil
and additives.

— Forms formaldehyde gas
when overheated.

HQUIPMENT RELIABILITY SERVICES
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Esters

— Phosphate ester
— Polyolester
— Dibasic acid ester

« Synthetics at risk for water-induced degradation (hydrolysis):

OUIPHENT RELIABILITY SERVIGES
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Base Oils Comparative Characteristics

ERAL | POLYALPH | oo LYOL PHOSPHATE ONE
ol* A-OLEFIN ESTER | GLYCOL ESTER [
Good

VISCOSITY Very

TEMPERATURE Fair Good Good Good Poor Excellent
o P Good Good  Good  Good Fai Good
TEMPERATURE oor 00 00 00 0 air 00
OXIDATION " .
STABILITY Fair Very Good Good Excellent Good Fair Good
COMPATIBLE
WITHMINERAL ~ Excellent  Excellent Good Fair Poor Poor Poor
ol
et Fai Excellent  Excellent  Excellent  Good Good Good
VOLATILITY air xcellent xcellent xcellent
ANTI-RUST Excellent  Excellent Fair Fair Good Fair Good
ADDITIVE Very Very N
SOLUBILITY Excellent Good Good Good Fair Good Poor
SEALSWELL  Excellent  Excellent Fair Fair Good Fair Excellent

£ Ve

i
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« Fundamentals of Lubricants
Lubricant Functions j

Lubricating Oil Films N

— Oil Properties

Base Oil Types %

The Functions of Lubgtant Additives

— Grease Properties

« Contamination Sources and §
« Oil Sampling Basics

« Sample Registration

« Data Interpretation
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Additive Types
« Active on Metal Surface: + Active in the Oil:
Anti-wear (AW) — Viscosity Index Improver
Extreme Pressure (EP) — Anti-Oxidant
— Friction Modifier — Dispersant
Tackifier — Anti-foaming Agent
Oxidation Inhibitor — Demulsifier
— Rust and Oxidation Inhibitor — Emulsifier
— Detergent — Pour Point / Cloud Point
Depressant
+ SURFACANT
+ PENETRATING
FLUTD & LIFE  couonton,as | sraitroro, on | MANEAPOLIS, i | RUNG, X rouusrec 778622600 wwfiifocon
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Detergents

* Role:
— Neutralize combustion acids.
— Inhibit deposit formation.

* How They Work:
— Prevent deposition of sludge and varnish.
— Neutralize strong acids due to alkali nature.
— Form a protective film on metal surfaces.

+ Common Additives:
— Sulphonates, phenates or phosphonates of calcium and magnesium.

+ Ultimate Outcome:
— Additive is consumed:

5/6/2022
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Dispersants Polar head 'ﬂ—) Qil soluble tai

* Role:
— Prevent agglomeration and promote suspension of polar particles:
+ Sludge, varnish, dirt, oxidation products, water

* How They Work:
— Dispersant forms micelle around polar contaminants to hold them in solution.

+ Common Additives
— Non-metallic portion of detergent additive
— Polyisobutylene succinimides

+ Ultimate Outcome
— Additive is consumed and can be filtered out with polar contaminant.

"
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Detergents versus Dispersants

a DETERGENTS ATTRACTED TO METALIC SURFACES

. DISPERSENTS ATTRACTED TO POPLAR
! CONTAMINENTS

o~
'
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Rust and Oxidation Inhibitor

* Role:
— Protects iron and steel parts from attack by acidic contaminants and water.

* How They Work:
— Forms a protective film on metal to prevent attack by oxygen, water and acids.
— Delicate balance, can interfere with other surface active additives.

+ Common Additives: o
— Calcium sulphonate Water Rust

+ Ultimate Outcome:
— Additive is consumed.

5/6/2022
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Anti-Oxidant

* Role:
— To prevent formation of oxidative products (varnish, sludge and acids).
— Reduce copper/lead bearing corrosion.

* How They Work:

— React with oxidation intermediate reactive products, free radicals and
hydroperoxides, to stop the oxidation reaction.

+  Common Additives:
— Zinc dialkyldithiophosphate (ZDDP)
— Hindered phenols
— Aromatic amines

+ Ultimate Outcome:
— Additive is consumed.

"
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Viscosity Index Improver

* Role:
— Reduces the rate of viscosity decreasing from increasing temperature.
— Used to make multi-grade lubricants.

* How They Work:
— Shrink when cold, unfurl when hot.

High Viscosity Base Ol

+ Common Additives:
— Polymethacrylates
— Ethylene propylene copolymers

Centistokes (cSt)

Low Viscosity Oil +

Low Viscosity Base Oil
ow Viscosity Base Oil Hreeds

Temperature

+ Ultimate Outcome:
— VI Improvers are susceptible to shear effects.
— Permanent shear due to rupture of polymer.
— Temporary shear thinning (aligning of polymer molecules in direction of flow).
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Anti-Foaming

* Role:
— Prevent formation of surface foam.

* How They Work:
— Changes surface tension of oil so that air bubbles break easily.
— Promotes the formation of small bubbles into large ones that burst easily.

+ Common Additives:
— Dimethylsilicones (dimethylsiloxanes):
« Very low concentrations.

+ Ultimate Outcome:
— Additive is consumed.
— May be filtered out if bonded with polar contaminant.

5/6/2022
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Anti-Wear (AW)

* Role:

— Minimize metal-to-metal contact under boundary and mixed lubrication
regimes:
« For lighter loads, i.e. engines and hydraulics.

+ How They Work:
— Forms a sacrificial layer surface by plating out at temperatures of 65 - 100 °C.

» Common Additives:
— Zinc dialkyldithiophosphate (ZDDP)

+ Ultimate Outcome:

— Resolubilizes for reuse, consumed from role as anti-oxidant causes light
chemical wear to surface.

"
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Extreme Pressure (EP)
* Role:

— Minimize metal-to-metal contact under boundary and mixed lubrication
regimes:
« For heavier loads, i.e. gear boxes.

* How They Work:

— Forms a sacrificial layer surface by reacting with metal surface at higher
temperature and pressure.

+ Common Additives:
— Dark active sulfur hydrocarbon
— Chlorinated paraffin

+ Ultimate Outcome:
— Consumed as it reacts with water to form acids.
— Reactive EP additives cause aggressive micro-pitting of surfaces.
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Friction Modifiers

* Role:
— Reduce the coefficient of friction at low temperatures and mild sliding conditions

* How They Work:
— Polar end adsorbs to metal surface.
— Increase oil film strength.

+ Common Additives:
— Molybdenum disulphide
— Graphite
— Polytetrafluoroethylene (PTFE), a.k.a. Teflon

+ Ultimate Outcome:
— Additive is consumed.

5/6/2022
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Tackifiers
* Role:
— Impart a tack, or stringiness, to lubricants to provide drip resistance
or inhibit stray mist in pneumatic system lubricants. ~

* How They Work:
— Promotes surface adhesion.
— Increase oil film strength.

» Common Additives:
— Polyisobutane.
— Co-polymers of ethylene and propylene.

+ Ultimate Outcome: Lucas Oil
— Additive is oxidized. demonstrator
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Demulsifer

* Role:
— Promote oil-water separation for lubricants exposed to water or steam.

+ How They Work:
— Surface-active agent (surfactant) that release moisture from the lubricant.

+  Common Additives:
— Polyisobutane

+ Ultimate Outcome:
— Exposure to water causes depletion.
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Emulsifier

* Role:
— Promote stable mixture or emulsion.

* How They Work:
— Polar molecule that is water-soluble at one end and oil-soluble at the other.
— Reduce surface tension to facilitate mixing.

+ Common Additives:
— Co-polymers of ethylene and propylene.

+ Ultimate Outcome:
— Limited capacity unless water is driven off.

5/6/2022
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Pour / Cloud Point Depressant

* Role:
— Enhances the lower operability temperature of the oil.

* How They Work:
— Inhibit the formation and agglomeration of wax crystals.

» Common Additives:
— Co-polymers of polyalkyl methacrylates.

+ Ultimate Outcome:
— Additive is consumed.
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Additives
* Loss of Additives
— Most additives physically or chemically decompose in service.
— Additives will break down by:
« Hydrolysis
+ Oxidation
« Thermal Degradation
+ Shear down enomeon

+ Additive Concentration
— There is no way to replenish additives, other than to add more.
— No mechanism to “regenerate” or “fix” additives.
— No OEM or lubricant supplier endorses the use of aftermarket additives in
fully-formulated products:

+ Afully-formulated oil, will balance the surface acting additives so that all will
perform as expected.

« The addition of a supplemental additive package may impact this balance.
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Additive Concentrations

CONCENTRATIO
N

COMPONENT

TYPE COMMON ADDITIVES

(BY VOLUME)
Detergents, oxidation inhibitor, corrosion inhibitor,
Engines anti-wear (AW), anti-foam, viscosity index 10 - 30%
improver, alkalinity improver

. Anti-wear (AW), oxidation inhibitor, anti-foam,
Gears (spiral,

i jon Inhib -10Y
bevel or hypoid) (sgg;etlmes corrosion inhibitor, extreme pressure 1-10%
Oxidation inhibitor, anti-wear (AW), anti-foam,

Hydraulics corrosion inhibitor, pour-point depressant, viscosity 2-10%

index improver

Extreme pressure (EP), oxidation inhibitor,

- 109
corrosion inhibitor, friction modifier 9= 11058

Gears (worm)

Steam turbines, Rust inhibitor & oxidation inhibitor (R&O),

- 59
Compressors demulsifier, anti-foam 0l =8

5/6/2022
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Agenda

+ Fundamentals of Lubricants

— Lubricating Oil Films
— Oil Properties
— Base Oil Types
— The Functions of Lubrig
— Grease Properties
« Contamination Sources and §
« Oil Sampling Basics
« Sample Registration
« Data Interpretation

— Lubricant Functions /
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Grease
+ Asolid to semi-fluid product made up of a liquid lubricant and a
thickening agent.

« The nature and properties of the thickener, and the
characteristics of the liquid lubricant, determine th¢ *
properties of a grease.

« Two basic thickener types:
— Soap
— Non-soap

« Thickener Determines finished characteristics:
— Temperature range
— Pumpability
— Water resistance
— Stability - mechanical
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Grease
+ Why use grease? + Why not use grease?
— Decrease dripping, splattering and — May not reach all places in need of
leakage. lubrication.

Does not have any cleaning effect.
Does not work as cooling agent.

— Seal out contaminants.
— Do not need circulation systems.

— Suspend solid additives easily. — Cannot be used at as high speeds
— Suitable for intermittent operations. as liquids.
— Work under extreme operating — Easy to over/under lubricate

without proper procedures
followed.

conditions.

— Some bearings can be pre-lubricated at
factory and even sealed for life.

— Reduce noise.

— Greased machinery tends to need less
power.

5/6/2022
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Factors Affecting Grease Quality

+ Additives - 1-10%:
— Enhance base oil
performance.
+ Thickener - 5-20%:
— Holds it all together and
enhances properties of
the oil.

+ Base Oil - 70-90%:
— Natural or Synthetic.

— Provides the main
lubrication function.

Gourtesy of Noria
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Base Oil Viscosity for Grease

VISCOSITY APPLICATION

ISO 100 & lower Used for high speeds >3600 rpm, lower loads, good at
low temperatures
1SO 150/220 Moderate speeds up to 3600 rpm, good load carrying,
typical multi-purpose grease’s oil
1SO 460 Higher loads than 1ISO150/220, often with improved

water resistance

ISO 1500 Typical speeds <100 rpm, excellent load carrying,
good water resistance

FLUID & LIFE  couontonas | srantroRo, o | MMNEAPOLIS, MN | IRVIG,TX  Tovuraee 8770622800 s o con

OUIPHENT RELIABILITY SERVIGES RS

69

23



5/6/2022

Basic Properties

MAX.
SHEAR WATER | DROPPING
THICKENER | SERVICE | STABILITY |RESISTANCE | POINT°C

Sodium Soap 93 -136 Med - Good Poor 170-200
Calcium Soap

Simple 121 Good Good 80-100

Complex 149 Medium Good 260+
Lithium

Simple 163 Good Medium 175-205

Complex 177 Good Med - Good 260+
Aluminum

Simple 79 Poor Good 110

Complex 149 Medium Good 260+
Clay 177 Medium Medium 260+
Polyurea 177 Med - Good Good 260+

Without performance enhancing additives

i
FLUID & LIFE  couonton.as | seantroro, on | MNNEAPOLIS, N | RVNG,TX  rocsrsee 8779622800 wanwidfocon
TQVIPMENT RELIABILITY SERVIGES B

70

GREASE COMPATIBILITY GUIDELINES FLUID ¢ LIFE

EQUIPHENT RELIABILITY SERVICES.

Clcum 12 U2 |,
Auminam " Calcom Liium Calcium
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Uithum 12
hydroxysirc
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Litium
Complex

o oo © NOTE Notal poea greasesare mataly comptle

ContactFad L o mre iormation orB77.562:2400)
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Agenda

« Fundamentals of Lubricants
+ Contamination Sources and Control Strategies
— Overview
— Contamination Sources
— Contamination Control Strategies
— Filtration
« Oil Sampling Basics
« Sample Registration
« Data Interpretation
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Why Machines Fail

+ They become obsolete.

+ They degrade. Loss of usefulness

+ Accidents/Incidents.

+ Due to:
— Corrosion (water, acid due to oxidation).
— Mechanical Wear (particles):
+ Adhesive
* Abrasive
« Erosive
« Fatigue Wear

5/6/2022
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Why Machines Fail

* Most failures are attributable to some form of particulate
contamination.
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What is Contamination?

+ Contaminate - to make unfit for use by the introduction of
unwholesome or undesirable elements:
— External contamination/Ingestion
« Dirt, dust, etc.
« Water
— Self-generated contamination:
* Built-in/Break-in
« Wear particles
— Chemical contamination/Generazed
= Mixing of lubricants
+ Additives
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New equipment is NOT clean

» Asystemis considered clean when foreign matter, such as
scale, rust, metal shavings and sand, are not visible to the eye
and grittiness is not detectable to the touch.
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New oil cleanliness is poor

» New oil can be much dirtier than what an OEM recommends.

« This is especially important in equipment that requires critical
cleanliness such as:
— Hydraulics
— Large Turbines
- Etc.
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How Clean Do We Need?

+ The critical particle size that must be controlled is typically 1 to 5
microns to maximize component life.
— Lubrication Engineering, February 1997

+ Controlling the abrasive contaminants in the range of 2 to 22 pym
in the lube oil is necessary for controlling engine wear.

— Staley, David R. “Correlating Lube Oil Filtration Efficiencies with
Engine Wear,” SAE 881825
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Typical Dynamic Clearances

Component

Details

Clearances

Valves

Variable Volume Piston Pumps

Vane Pumps

Gear Pumps

Ball Bearings:
Roller Bearings
Journal Bearings
Seals

Gears

5/6/2022
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Bearing Life vs. Particle Size

¢

Improving cleanliness
—in this ranges

produces HUGE life
extensions.

Fatigue Life - Million Revolutions

0
1

23 456 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

SMALLEST PARTICLE SIZE SEEN

ag(40 1
Absolute Filter Size in Microns ?
WITH THE NAKED EYE.

Ref: SKF Ball Bearing Journal #242
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The Effects of Water.

Effect Of Water In Oil On Bearing Life

& w

% Bearing Life Remaining

0.0025 0.01 0.08 010 015 0% 080

% Water In Ol

Effact of water in oil on bearing life (based on 100% lite at .01% water in oil)
Raturance: “Machine Oesgn® July 88, *Haw D And Water €ffect Baaring Life” by Tinkan Baaring Co.

‘Courtosy of Timken Bearing
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Size, Not Quantitiy

+ Valve Stiction or Silt Lock:
— Contaminants can jam servo, proportional, and directional valves.

— Sluggishness, jamming, and instability can result due to
contamination from a single clearance-sized particle.

To Actskr Foom Pus From Acuar o Tk

Selenoid Force

5/6/2022
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Agenda

+ Fundamentals of Lubricants

— Overview
— Contamination Sources
— Contamination Control Strategies
— Filtration
+ Oil Sampling Basics
+ Sample Registration
+ Data Interpretation

+ Contamination Sources and Control Strategies /
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Contamination Sources

+ Self-generated contamination.

+ External contamination.

oy

* Built-in/Break-in contamination.
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5/6/2022

Contamination Sources

- Self-Generated:
— Metallic wear
— Seal abrasion
— Chemical corrosion
— Oxidation residue
— Oil-insoluble substance caused by mixing oil.
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Metallic Wear - Adhesive

Adhesive wear
LOAD

.
EL R
—
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Courtesy Pal Corpraton
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Metallic Wear - Fatigue

Fatigue wear
LOAD LOAD

e

jng spreads.
ieased

cycles. crack
e
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Metallic Wear - Abrasive

Abrasive wear

&

< P Fim

“Tickness )
Y
ittt ke e e e e e
e
e e——

Courtesy Pal Corporaton
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Metallic Wear - Erosive

Erosive wear

Particles impinge on the
component surface or edge and

Courtsy Pas Coporaton

OUIPHENT RELIABILITY SEAVIGES
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Seal Abrasion
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Chemical Corrosion

5/6/2022
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Oxidation Residue
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Mixing Oil

Gourtesy: Clarus
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Mixing Grease

5/6/2022

FLUID & LIFE  couontonas | seanTroRo, on | MNNEAPOLIS, N | RVING,TX  rocsrsee 8779622880 wanwiifocon 1

HQUIPMENT RELIABILITY SERVICES 3

\

94

Mixing Oil or Grease?
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Contamination Sources

« External Contamination:
— Airborne contaminants
— Contamination caused by
adding oil
— Contamination by adding
grease
— Water Ingress
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Airborne Contaminants

+ Examples of air contaminants that only became visible with the
camera flash.

"

FLUID & LIFE  couontonss | srantroro, on | MNNEAPOLIS, N | RVNG,TX  rouLreee877.9622000 o difccon 1

N 3
N

97

Airborne Contaminants

£
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Airborne Contaminants

Must be removed
after installation

"
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Contamination caused by adding oil

+ Did the rag do its job and keep the container clean?
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Contamination caused by adding oil

£
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Contamination caused by adding grease
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Contamination Sources - Water

+ Water will affect an oil's
viscosity:

— Free > Increases viscosity
(visible)

— Emulsified > Increases
viscosity (cloudy in water)

— Dissolved > Decreases
viscosity water is dissolved and
invisible in oil).

+ As an oil ages (oxidizes), it can eseE SianA

hold more water.

7\ THIS
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Contamination Sources - Water

« The higher the additive package, the more water an oil will hold.

o 1000 2000 3000 4000 5000 6000 7000
wew nydrautic it [ . - o .
useamernancon |
& Dissolved water [ppm)
ified water (ppm)
Hew R& Oil I
| = Freawater ppm)
ueirnoon | 3 - =
oot |

= i
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Contamination Sources

+ Built-in / Break-in Contamination:
— Foundry sand, dust.
— Manufacturing residue:
- Welding residue
« Metals swarf (turnings, filings,
shavings, etc...)
« Blasting material, lacquer/paint
particles
+ Preservation material
+ New parts install
— Residue from cleaning agents (rag
fibers).
— New part installation or equipment
repair/overhauls.
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Agenda

» Fundamentals of Lubricants
+ Contamination Sources and Control Strategies /
— Overview
— Contamination Sources
— Contamination Control Strategies
— Filtration
+ Oil Sampling Basics
+ Sample Registration
+ Data Interpretation

i
FLUID & LIFE couonton.as | sranTroRo, o | MMNEAPOLIS, MN | IRVING,TX  Tovuraee 8770622800 s e con
TovipuENT sECmLTY sERvIGE:

106

Contamination Control Strategies
1. Lubricant receiving procedures.

2. Storage and inventory management.

3. Lubricant Handling.

4. Exclusion of Contaminants.

5. Health and safety assurance.
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Lubricant Receiving Procedures

« Step 1:

— Determine an acceptable and manageable cleanliness level for
stored fluids.

— Begin with understanding the cleanliness of oils being delivered on
site.

— New oils average an ISO code of 20/19/16 cleanliness or higher
which is up to eight times dirtier than recommended for a majority
of critical machinery.
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Lubricant Receiving Procedures

FILTER!
(44 o # Sample and
HOLD
l‘“.h
# Sample and
QUARANTINE

L..J

5/6/2022
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Lubricant Receiving Procedures

* Quality Control:

— Sampling new oil can verify the following:
= Quality of base stock
+ Additive quality and concentrations (+/- 25% variance ok)
« Lubricant performance properties.
« Grease thickener performance properties.

— Important information to document and track:
- Delivery date, and date of oil sample.
« Storage container inspection details:

— Check for damaged containers, broken or damaged seals.

- Labels with results of oil analysis (eg. Cleanliness).
« Periodic filtration of bulk storage and drums.

i
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Storage and Inventory Management

« Step 2:

— Take measures to exclude
contaminants from becoming
part of the lubricant or fluid.

— This must happen in the main
stores and at the individual
storage stations throughout
your plant.

i
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Storage and Inventory Management

+ Bulk Oil Storage:

— Typically 10,000 gallon tank or 55 gallon drums.

— Need to avoid contamination and additive settling.

— Optimize bulk storage by:
« Determining lubricant consumption rate.
« Determining lubricant storage capacity.
« Determining lubricant supplier turnaround time.
« Identifying lubricant requirements for critical equipment.

5/6/2022
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Storage and Inventory Management

i
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Storage and Inventory Management

i
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Storage and Inventory Management

- Lubricant Room Design:
— Location
— Cleanliness
— Worker Safety
— Lubricant contamination control
Lubricant filling control
— Procedures and staging area for new
lubricants.
Ability to document actions (record keeping).
— Optimize bulk oil and grease volumes.
— Limited access door, with a record of people ¥
who enter.
— Fire proof storage for top up containers,
grease guns, etc.
— Separate storage area to store bulk totes,
drums, buckets, etc.

"
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Great Lube Rooms
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Storage of Grease and Top-up Containers

» Each should have a dedicated
fire proof cabinet.

« Clean, dry, and cool.

« Grease guns should be cleaned
periodically, and calibrated
annually (ensure the same
volume of grease is delivered
per pump).

« If grease drums are used to fill
grease guns, they must be
resealed carefully.

"

FLUID & LIFE  couontonss | srantroro, on | MNNEAPOLIS, N | RVNG,TX  rouLreee 8779622000 o difocon '

N 3
N

117

5/6/2022

39



Lubricant Handling - Oil

- Step 3:
— Preserving the integrity of the fluid while getting it from storage to
usage.
— Bear in mind that often the best ways are also the easiest and most
efficient ways.

5/6/2022
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Lubricants Handling - Oil

+ Top up/small oil change out containers.

i
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Lubricant Handling - Oil

« Topping up from drums and bulk storage:
— Best practice is to filter the dispensing oil (again).
— Can use a hard plumbed filtration system with dedicated dispensing
nozzles on a rack mounted system.
— 55-gallon drums can be fitted with quick connect fittings, a hand
pump, sight glass, and breather (with filter).
— Filtered hand pumps with breathers

FLUTD & L1FE  couonton,as | sravtroro, on | MANEAPOLI N | RUNG, X Touraee 86224t v ficiocom
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Storage and Inventory Management

+ Containers that reduce the

potential of contamination:

— Funnels represent the “highest g

risk factor” for contamination e

ingress while adding oil into ¥ o
components.

+ Don't be afraid to go one step
better:

— Consider retro-fitting
containers with air breathers,
and hand pumps with quick
couplers.

5/6/2022
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Lubricant Handling - Oil

« Establish a procedure that incorporates adding oil via a portable
filtration system - for larger reservoirs, etc.

« Filter Carts are good for: *_J}“ o

— Oil Flushing

— Oil Addition

— Oil Drains

— Kidney Loop Filtration

i
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Lubricant Handling - Grease

+ Grease guns are handled improperly:

— Transparent or color coded greasing tools eliminate mixing
products from picking up the wrong grease based on grease color.

Courtesy Lubrication Engineors.
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Exclusion of Contaminants

« Step 4:
— The cost of cleaning dirty oil can be
10X higher than keeping it clean in
the first place.

S—

JC oes-case

— High-quality breathers can exclude
particles as small as ¥ micron.

— Desiccant breathers will also exclude
moisture.

i
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Health and Safety Assurance

+ Step 5:

— QOil can be HOT and slippery.

— Keeping your lubrication storage clean, cool, and dry will also
safeguard against slips, trips, burns, and other safety incidents.

— Machines that are properly lubricated are also less likely to fail, and
therefore safer to be around.

— If a skin condition develops after handling lubricants:

« Consult MSDS for the product and seek medical assistance.

« Container labels must identify hazard information. Otherwise,
employers must provide the MSDS and/or appropriate training.
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Agenda

+ Fundamentals of Lubricants
+ Contamination Sources and Control Strategies /
— Overview
— Contamination Sources
— Contamination Control Strategies
— Filtration
+ Oil Sampling Basics
+ Sample Registration
+ Data Interpretation

A
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Goal of Filtration

Improve oil dryness and cleanliness.

+ Help optimize the oil's usefulness.

Improve reliability and productivity of the machine.

Pay for itself in a short amount of time.

Courtesy CC Jonsen

5/6/2022
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Filter Overview

1-Perforated protective cage, 2-Media support, 3-Media protection, 4-Pre-filter, 5-
Main filter, 6-Protective membrane, 7-Media support, 8-Perforated center tube

Courtesy Bosch Rexroth

OUIPHENT RELIABILITY SEAVIGES
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Filter Media Type

« Cellulose (Paper): .
— Lower density
— Larger pores
— Higher restriction
— Random matrix

Glass (Synthetic):
— Higher density
— Smaller pores
— Lower restriction
— Can be tapered

Courtesy CC Jensen
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Filter Types
Surface Filtration Depth Filtration

/ Typical Surface Filter
for Inline Filters

Fittered oil returs
2y tothe ol circuit

* Two-disc filter sandwich

= Unfitered ofl enters.
[/ underpressire

| ¥
‘ Filtered oil returns

Element housing —» 7
Endcapseal — A

Unfiltered oil enters
under pressure

Coe — &

Medium support ——»

Pleat

support band 4 tothe oll circut
Function B o 2‘ b
Endcap — Sya-

Courtesy CC Jonsen

Typical Depth Filter \
for Offline Filters

5/6/2022
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Filter Construction
» You can have the best media, but without the appropriate
construction, particles will flow through:
— Note the break in the pleats.

« Properly engineered construction will provide the particle-
removing capability:
— Note the media support that is resilient against pressure
fluctuations.

‘Gourtesy Pall Corporation
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Beta Ratio / Efficiency

1 0% Bx: 75

2 50%

5 80% Simple calculation:
10 90%
751 _ 9879

20 95%

75 98.7% 75
100 98%

200 99.5%
1000 99.9%

i
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Beta Ratio/Efficiency Economics

Contaminant
Challenge First Pass
= =

-
1,000,000 o (OO
Particles 1
e o o
r=1000 1 "

+ 1 a f
0 5000 10000 15000
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Beta Ratio/Efficiency Economics
Contaminant
Challenge Second Pass
S )
srs (RCD
1,000,000 L
Particles 1
>5|.III!(I:) =200 '
3=1000 l1
0 100 200 300 400
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Beta Ratio/Efficiency Economics
Contaminant
Challenge Third Pass
—
_ 1
1,000,000 oo ([
Particles ‘ o125
S5 um(c) 3=200 .
®=1000 ' 0.001
5 10
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Beta Ratio/Efficiency Economics

Contaminant
Challenge Fourth Pass
"

(

T

R=75 ‘ 0.0316

=

s

3=100 ’ 0.01

SN

1,000,000
Particles
>5 pm(c)

.

| | 0.000625

R=200

i'
=

| ' 0.000001

=
=l

R=1000

if

(€
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Beta Ratio/Efficiency Economics

+ Is a R5= 1000 worth twice as much as a B5 = 200 filter?
+ How about compared to a R5= 100 or R5=75?

+ In a single pass application, such as transferring to or from
lubricant storage, the difference can be significant.

+ In a multi-pass application, such as full-flow or kidney loop
filtration, the difference becomes negligible quite quickly.

i
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Filter Selection

-Ill

40 microns 30 microns 15 microns 10 microns 5 microns

Relative Engine Life

« “Abrasive engine wear can be substantially reduced with an
increase in filter single pass efficiency. Compared to a 40 ym
filter, engine wear was reduced by 50% with 30 um filtration.
Likewise, wear was reduced by 70% with 15 pm filtration.”

FLUID

touIPHENT AELL
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Potential Filter Problems

« Excessive Back-Pressure « Electrostatic Discharge

5/6/2022
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Moisture Removal by Filtration

TYPES OF WATER
TECHNOLOGY EFFICIENCY REMOVED

Centrifuge spins out water and other higher

Centrifugal density contaminants Free water

Variable density media forces agglomeration Free water, emulsified
Coalescing of water to the point it separates and falls water ’

out of suspension
Desiccant Water is absorbed by media, requiring filter ~ Free water, emulsified

changes water

. Dry’s air in the head space by pushing dry i

Head Space Air air into the headspace. And water is Free water, gmulmﬁed
Dryer water and dissolved water

evacuated through desiccant breather.

Oil is heated and put under a vacuum to
|- Vacuum Dehydration  reduce boiling point and drive out moisture
in the form of steam

Free water, emulsified
water and dissolved water

L | 5
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Agenda

« Fundamentals of Lubricants
« Contamination Sources and Control Strategies
+ Oil Sampling Basics

— Lube Oil Sampling Objectives

— Sampling Frequencygand Location

— Proper Sampling Me o

— Managing Interference
« Sample Registration
« Data Interpretation

i
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5/6/2022

Lube Oil Sampling Objectives

« Samples are best taken when system
is live and/or hot.

«  Wipe the sample port before opening:
— Don't place plugs or caps on dirty
surfaces.

= .
+ Pre-label or label bottles immediately | .
after filling to avoid mix-ups. -

* Flush sample point and associated
piping or tubing thoroughly.

Bad Routine Samples

* “REPRESENTATIVE SAMPLE”

i
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Lube Oil Sampling Objectives

i
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Agenda

+ Fundamentals of Lubricants
+ Contamination Sources and Control Strategies /
+ 0Oil Sampling Basics
— Lube Oil Sampling Objectives
— Sampling Frequenc9 and Location
— Proper Sampling Me
— Managing Interference
+ Sample Registration
+ Data Interpretation

A
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Where, When, How Often?

» Number of samples and points
depends on program’s goals:
— Monitoring filtration performance.
— Failure diagnosis.
— Contamination ingression.
— Oil Change intervals.

5/6/2022
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Sampling Valve Installation Practices

« Install valves on elbows, rather than straight sections of pipe.

« More likely to “catch” particles at the elbow because of oil
turbulence.

« Aviscous fluid running through a straight line for a period can go
laminar, and allow contaminants to drop out.
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Oil Sampling Location General Guidelines

MOBILE EQUIPMENT|  GOOD | BETTER BEST

LOCATION: Sample Valve

LOCATION: Ol Dipstick LOCATION: Drain Plug S
Engine 0OLS: St (upstream of filter)
oo, Sucton pump. PIaste TWbING. 10015 None TOOLS: Pushbutton Sample Valve
LOCATION: Overflow tank LOCATION: Radiator Cap fmﬁ;ﬁm‘e Valve
Engine Coolant system  100Ls: suction Pump, Plastc Tubing, TOOLS: Sucton Pump. Plastc 10,0, ¢ pushoutton Samplo vt
Fiush Jar Tubing, Flush Jar ushbution Sample Valve
LOCATION: Drain Plug LOCATION: il Dipstick fﬁﬂ!ﬂ%ﬁﬁ&?h Valve
Transmission ¥
TOOLS: None TOOLS: Suction Pump, Plastic 55, g pughiutton Sample Valve

Tubing, Flush Jar

LOCATION: Oil Tank (Drain) LOCATION: Oil Tank (Air Breather LOCATION: Sample Valve (Return

) ) or Hatch) fine on vaive block)
Hydraulic / Steering —— TOOLS: Suction Pump, Plastic  TOOLS: Minimess Sample Valve,
: Tubing, Flush Jar High Pressure Port Adaptor
P — LoATION;OF P A st
Differential D TOOLS: Suction Pump, Plastic N
: Tubing, Flush Jar
) X LOCATION: Ol FillPlug (if
Final Drive / Wheel Hub ~ LOCATION: Drain Plug equipped) NA
Spindles TOOLS: None. TOOLS: Suction Pump, Plastic

Tubing, Flush Jar

i
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Oil Sampling Location General Guidelines

LOCATION: O Tank (A Breather or LOCATION: Sample Vale (Return
Hateh)

LOCATION: O Tank (Drain) R o)

Hydraulics
 — TOOLS: Suction Pump, Plastc TOOLS: Minimess Sample Vaive, High
Tubing, Flush Jar Pressure Port Adaptor
P ——— LOGATION: On a designated sample
port
Electric Motor NA
TOOLS: Minimess Sample Valve, High
[JCOLS: None Pressure Port Adaptor
e LOGATION: Oil Tark (Ai Breather or LOCATION: Sample Vave (Retun
. atch) ne on vaive block)
Turbines/Compressors
 — TOOLS: Suction Pump, Plastic TOOLS: Minimess Sample Vaiv, High
Tubing, Flush Jar Pressure Port Adaptor
P —— LOGATION: On a designated sample
port
Bearings NA
TOOLS: Minimess Sample Vaiv, High
i Pressure Port Adaptor
LOGATION: Drain port with a pitot  LOCATION: On a designated sample
essre e e above sludge ine port
Gearboxes  N— TOOLS: Minimess Sample Valve, High TOOLS: Minimess Sample Valve, High
= LOGATION: Drain Vae LOGATION: Modified Breather
umps TOOLS: Suction Pump, Plstic NiA
[TOOLS: None Tubing. Flush Jar
Stationary LOGATION: Oil Dipstick LOGATION: Drain Plsg O
Engines/Generators 7001 Sucton pup, Plasiic Tubing, FLh 100, 5, Nong TOOLS: Pushbutton Sample Vaive

5/6/2022
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Sample Point Identification Engines

+ Samples taken from installed ports (after pump, before filters)
provide best sample.

« Dipstick or mid-stream drain samples can also be used.

Plug on filter housing Dipstick

i
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Sample Point Identification Differential

+ Qilis not normally changed when sample is taken, therefore, a
mid-stream drain sample is impractical for majority of samples.

« Take sample consistently from breather or top-up plug using a
pitot tube if possible to take samples from consistent depth.

Breather Line

Top-up plug

Drain
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Sample Point Circulating Systems

« Samples are best taken after a pump, and before a filter.

» When trying to monitor specific components it is possible to have
multiple secondary sampling points as shown below.

System Damage

e L N . ;
Reservoir -l e
Condition W i ! Filter Performance

Pump Problems

5/6/2022
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Sample Point Identification Gearbox
Down from

Breather

Drill and Tap
New Port

Drain Port
Down from Dipstick

i
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Sampling on a non pressurized system

Probe with
sample Tubing
and Pump

i
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Sampling on a non pressurized system

Breather—
= — Probe with Sample
= Tubing and Pump

Pitot Tube Sample

— Vaive Tee.

A Pitot Tube Sample Valve

—— Probe with Sample Tubing and

-0l Level Pump

Drain Valve

5/6/2022
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Sampling on a pressurized system

Sample Valve

Probe with——
Sample Tubing

Sample'abe

Probe with
Sample Tubing

i
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Sample Point: Hydraulics

Primary sample point should be
on return line, before filters or

downstream of pump, upstream
of filter

Secondary samples can be

installed:

Before/after supply filter
+ After cylinder(s)

+ On valve block

+ Mid-point of reservoir

i
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Sample Point: Lube Systems

Boaring _Boaring _Bearing _Bearing

Primary sample point should be

installed on return line header.

Secondary sample points can be

installed:

After each bearing
+ After the main pump

+ Before auxiliary filter

« After auxiliary filter

+ Mid-point of reservoir

5/6/2022
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Sample Frequency

« General guidelines are a starting point.

« Frequency of sample depends on several factors:
— LETS (Load, Environment, Temperature, Speed)

— Downtime costs

f —
— Repair / replacement costs k_.l
— Safety requirement —_—

— Equipment tolerance
— Contamination factor

&
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Sample Frequency

Diesel Engines 20,000 km / 250 Hrs. /

Monthly
Gasoline Engines 10,000 km / Quarterly
Natural Gas Engines 500 Hrs. / Monthly
Standby Generators 50 Hrs. / Quarterly
Hydraulics 500 Hrs. / Monthly
Gears (Industrial) 750 Hrs. / Monthly

Air/Gas Compressors 500 Hrs. / Monthly
Refrigeration

Compressors QueniEily
Gas Turbines 500 Hrs. / Monthly
Steam Turbines 1500 Hrs. / Quarterly

FLUTD & LIFE  couonton,as | sraitroro, on | MANEAPOLIS, i | RNG, X rouissec 779622600 v fuiifocon
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Agenda

» Fundamentals of Lubricants
+ Contamination Sources and Control Strategies
+ 0Oil Sampling Basics
— Lube Oil Sampling Objectives
— Sampling Frequencygand Location
— Proper Sampling M
— Managing Interference
« Sample Registration
+ Data Interpretation

5/6/2022
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Proper Sampling Methods

+ A common method of sampling is midstream from a reservoir
into a sample cup.

‘ \\\‘\

Drain Plug

i
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Sampling Tools: Suction Pumps

+ Used on low or non-pressurized systems:
— Gearboxes, Bearings
— Fluid reservoirs, Return lines

+ Use a new section of hose every time

+ Flush tubing before every sample

Tubing Infet
. Internal Threads & Tube Canal
Head

Sample Jar (38mm)

Plunger Body

End Cap

. Plunger

NPOALON A

i
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5/6/2022

Sampling Tools: Suction Pump

If Sampling in an extremely dirty environment, put sample jar in
a plastic baggy.

— Seal bottles in a bag in a clean environment
— Screw into pump, tube will pierce bag
— Afterwards, seal bottle without opening the bag

J \=_
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Sampling Valves: Pressurized Systems

- “B” Series Valve
« Push button valve

CourtesyChecua

QUIPHENT RELIABILITY SERVIGE:
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Sampling Valves: Low Pressure

Works with a suction pump.
« “M” Series Valve
« Pitot Tube

«  Modified Breather kit

Coutosy Check Fd, Trico

OUIPHENT RELIABILITY SERVIGES
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Sampling Valves: Other Common types

KST - Pressurized System
Probalyzer - Pressurized System
Cover plate - Non Pressurized System

‘Gotrtesy Gheckfuid, Badwin Fiers, JLM Systems

5/6/2022

OUIPHENT RELIABILITY SERVIGES
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Sampling Valves: Other Uncommon Types
« Inline T adapter - Pressurized and Non Pressurized System
+  Flush mount drain - Non Pressurized system
* Dry Plug - Non Pressurized System
LE Valve with
Vacuum
Pump
attached
FLUID & LIFE  couontonss | srantroro, on | MNNEAPOLIS, N | VNG, TX  rouLreee 8779622000 i com
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Sampling Valves: Other Uncommon Types

Spacer Flange - Pressurized System

Catch Pipe - Non Pressurized System

Valve Mount - Pressurized And Non Pressurized System
Bacon Bomb - Non Pressurized System

Weitssie Ppe
NPT Thoade
Encs Avaiabie

- J

Dot

Couresy Checklid, KashirSystrns,

OUIPHENT RELIABILITY SERVIGES
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Agenda

» Fundamentals of Lubricants /

+ Contamination Sources and Control Strategies
+ 0Oil Sampling Basics
— Lube Oil Sampling Objectives
— Sampling Frequencygand Location
— Proper Sampling Met™®
— Managing Interference
« Sample Registration
+ Data Interpretation

i
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Bottle Cleanliness and Management

* Re-using any container is WRONG!
— Examples of actual containers sent to Fluid Life.

i
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Bottle Cleanliness and Management

+ New sample bottle cleanliness may have
an affect on the oil analysis results.

« Just like new oil - all sample bottles come
in varying degrees of cleanliness

(dirtiness). (o, §
%, 7
« Storing samples before shipping or lab P
analysis: e

— Samples should be shipped to Fluid Life
ASAP after being taken.

— Fluid Life labs will follow best practices and
suspend solids, water, wear metals, etc. by
shaking gently (end over end rolling or on a
gentle shaker table) at room temperature.

FLUI

i
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Bottle Cleanliness May Produce Bias

+  Affected: *  Not Affected:
— ISO Particle Count — Viscosity
- OPC — Wear Metals
— Sediment (less likely) — Acid Number
— Base Number
— Water

i
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Flushing

+ One Sample - One Tube:
— Never re-use a sample tube, even for the same location.

+ FLUSH at least 5 to 10 times the dead space volume:
— New tubing volume
— Dead-legs
Sampling ports, valves, and probes
— Adapters for using vacuum pumps
— Plastic tubing

i
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Agenda

+ Fundamentals of Lubricants
+ Contamination Sources and Control Strategies
+ Oil Sampling Basics
+ Sample Registration
— Overview of Registeri‘ﬁg Samples
— Mobile App
— Web Based
— Sample Card
+ Data Interpretation

h

i
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Importance of Sample Registration

» An incorrectly registered sample is just as bad as an improperly
taken sample:
— Label bottles immediately after filling to avoid mix-ups or pre-print
labels.
— If not logging in samples through myLab or the mobile app:
« Ensure to always label the unit ID consistently so that the sample
results don’t end up in different places by us creating double units.
* If no unit/component is listed the samples will be held and you will be
contacted to ensure it's registered correctly, resulting in delayed
results.

» Ensure all sample data is accurately entered:
— Missing data will delay processing.
— Incorrect data will give irregularities or false positives.
— Wrong sample entry will cause incorrect data trending.
— Registering Samples correctly will ensure results are logged in
under the same unit consistently for trending purposes.

5/6/2022
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Importance of Sample Registration
+ Having all the unit info registered to ensure correct results
includes the following:
— Unit/component type
— Manufacturer/model
— Correct oil type
— Was sample taken when the oil changed (Y/N)?

« Correct data for registration is critical because different
equipment will have different criteria:

— For example the same particle count flagging limit would not apply
to a hydraulic and a final drive, etc.

+ How can you address incorrect sample registration?
— Sample tags (QR Tags for equipment):
— Your company’s sampling and registration policy and procedures.
— Ensure all units are created in myLab.

"
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Sample Registration: Key Points

+ Samples can be registered via:
— Mobile myLab app
— myLab web portal
— Manual Registration (Sample Cards)

+ Samples can be registered individually or in batches through
myLab by:
— Components
— Due samples
— Routes
— PM Definition

i
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Agenda

» Fundamentals of Lubricants
+ Contamination Sources and Control Strategies
+ Oil Sampling Basics
+ Sample Registration
— Overview of Reg\sterina Samples
— Mobile App
— Web Based
— Sample Card
+ Data Interpretation

5/6/2022
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Mobile App Sample Registration
+ Fluid Life oil samples can be registered using :

— Phone

— Tablet

— Other mobile device.

» The app can be downloaded at:
— App Store (Apple/iOS devices)
— Google Play (Android devices)

+ If samples are registered in remote areas or while in airplane
mode, the information will be transmitted back once in cellular
range or connected to Wi-Fi.

+ When the samples are received in the lab, they are scanned to
pull up correct information.

i
FLUID & LIFE  couontonas | sranTroRo, on | MMNEAPOLIS, MN | IRVING,TX  Toruraee 8770622800 s e con
TovipENT sECmLTY sEavIGE:

179

Mobile App Sample Registration

We will do a demonstration for this
step:
— Equipment Tag Scan émyLab

— Manual Input Logh

FLUID 8 LIFE

FLUID
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Mobile App - Equipment Tag Scan

Step 1: Login
Step 2: Scan equipment tag
Step 3: Select components

Step 4: Scan sample bottle

Step 5: Verify Information

Step 6: Check for recently
submitted samples.

(‘U N @ R¥p

i
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Mobile App - Manual Input

Step 1: Login

Step 2: Enter unit
information

Step 3: Select components
Step 4: Scan sample bottle
Step 5: Verify information

Step 6: Check for recently
submitted samples.

X

i
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Agenda

« Fundamentals of Lubricants
« Contamination Sources and Control Strategies
« Oil Sampling Basics
+ Sample Registration
— Overview of Reg\steriné Samples
— Mobile App
— Web Based
— Sample Card
« Data Interpretation

i
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Web Based Sample Registration

« Samples can be registered individually or in batches through

myLab. -
o o Cv 0%
i
+  Workflows can be done as: oo
— Register and print first, then collect sample: e
« Can include meter hours, date, if oil change was done. L
— Collect Sample, then register and optionally print: =

« Alid sticker is good for keeping track of samples taken.
— Register in advance:

« Blank label workflow.

— Labels without a date and meter reading , go back and update information.

— Route based (fixed equipment):

« Routes need to be set up initially (Fluid Life can help with this).

« Print out labels and apply to bottles as you sample at component.
— PM Definition (mobile equipment):

« Defined once which components are taken at a specific internal.

+ Not specific an individual unit, but can be applied to any unit (i.e heavy
truck).

FLUID

rouiPHENT AT
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Web Based Sample Registration

» We will do a demonstration
for this step in the myLab

&myLab

i
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Web Based Registration

S SN T L ST 5 .. YL T
4 mrLab - - =
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Agenda

« Fundamentals of Lubricants
« Contamination Sources and Control Strategies
« Oil Sampling Basics
+ Sample Registration
— Overview of Reg\steriné Samples
— Mobile App
— Web Based
— Sample Card
« Data Interpretation

5/6/2022
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Sample Card Sample Registration

FLUID & LIFE | FLUID 4 LIFE

i
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FLUID LIFE OIL ANALYSIS SAMPLE CARD FLUID ¢ LIFE

EQUIPMENT RELIABILITY SERVICES
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Sample Card Registration

{FLUID & LIFE

i
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\
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Sample Card Sample Registration

+  Common mistakes with sample cards:
— Only the slip on left is filled out and the remainder of the card is left
blank.
— Oil type often left out or not filled out to match what is in use.
— Card will be filled out with equipment ID in different forms lacking
consistency.
— The Grey box which reads “Lab Use Only” on the top right hand of
the sample card:
- Often misinterpreted to indicate the entire right half of the card isn't
supposed to be filled out.
« If using cards, ensure the entire right hand portion is completed with as
much information as possible.
— Completed information slip on left is not torn off - this portion can be
kept by you as a sample record.
— Including serial numbers on cards helps find equipment if other
data is missing.

=
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Agenda

« Fundamentals of Lubricants

« Contamination Sources and Control Strategies

« Oil Sampling Basics

« Sample Registration

< Data Interpretation
— Overview of Data Inte
— Categories of testing
— Establishing Limits

HQUIPMENT RELIABILITY SERVICES
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How to Interpret an Oil Analysis Report

+ Problem Report (Yes or No)?

* How severe is the problem?

+ Does the data match the new oil?
+ What are the causes and effects?

» Results/Recommendations.

5/6/2022
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Data Interpretation Secrets to Success

» Look at all the data.
+ Understand and explain each result.
+ Do not jump to conclusions.

+ Analyze for trends.

"
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How to Make it Better

+ For every sample, each result is assigned a Test Rank from two
primary factors:

— Percentile of latest result compared to histogram of similar samples:
« Polling a database of >5,000,000 samples.
« Based on ASTM D7720.

— How far off trend the current result is to previous results for the

same sample point:

 Polling last 9 samples, same as the reported data.
« Based on ASTM D7669.

FLUID
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Sample Rank - Overview

FLUID ¢ LIFE

Sample Information Physical Tests

5/6/2022
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Sample Rank - Overview

Infor Information bri

Your Samplo Rank.

Top Trends Analysis

197

Sample Rank - Overview

+ Sample Rank:
— Based on 6 worst parameters using a weighted algorithmic equation.
— As the rank increases, it moves up the rank bar and changes color.

Your Sample Rank

s

——
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Contextual Information

« Test Ranks:
— Each test will have a rank based upon the distribution plot and trend
analysis.
— The correlated tests represents how the test correlates to others
(they have similar trends) if shown on the right it represents a strong

correlation.
— Colors represent test rank severity.
Test Ranks o i [— Conelted Tests
5,1 1000 ez ; i
. Y. :

fe 205

X o5t §
B 02 ®
% o

, o -

FLUID
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Contextual Information

« Test Ranks:
— You can view correlated tests and how the groups are how each test
correlates to others within that group.

Group1 Group2 Group3

Apom g pom scaoest

Vise1o0 st

i
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Contextual Information

Dirt (Si, Al) Test Rank 10

Si Al
Analysis Plot Analysis Plot
97.1% 97.6%
i R 1 22 s 7
g ] $ 2 §
§ H 3 8 H 3
H 2 < 5|
3 3 3 -3
& E
™ % w  w  mw T 8 6 x  x
Si ppm Latest Sample Al ppm Latest Sample
926 08K PUMP DRIVE Samples Pecenlien 926 O8K PUMP DRIVE Samples

OUIPHENT RELIABILITY SERVIGES
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Trend Analysis Plot

Contextual Information

Trend Analysis Plot

5/6/2022
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What is the value of Sample Rank?
Save Capture Efficiency

% Saves ®% Samples

100%
80% +—
60% —1
95% 97%
40% - 76% 85% s °
20% —1
0% - T T T T ]
>10 >9 >8 >7 >6
Sample Rank
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What is the value of Sample Rank?

Saves
$2,000,000
$1,631,500
$1,500,000
$1,000,000
$500,000
$188,000
$112,000  $95,200 $53,500
$0
>10 9to 10 8t09 7t08 6to7
Sample Rank
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myLab Quick Navigation
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ol ) . S et
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Agenda

« Fundamentals of Lubricants

« Oil Sampling Basics

« Sample Registration

« Data Interpretation 3
— Overview of Data Inter tion o
— Categories of testing
— Establishing Limits

5/6/2022

« Contamination Sources and Control Strategies /
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Categories of testing

FLUID
PROPERTIES CONTAMINATION WEAR DEBRIS

Spectrometry
Viscosity Water Total Magnetic Iron
Acid/Base Number Fuel Dilution Filter Analysis
FTIR (Ox/NOx) Glycol F’:‘;ﬁgf;;:y
Varnish Potential Solids Flugr(';zggnce
RPVOT Particle Count OPC
RULER OPC

i
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Qil Tests

« Each parameter’s testing: « Each parameter’s data
— Application interpretation:
— Principle — Most common cause of result:
— Limitations + Common mechanisms behind
— Interferences cause.

+ Correlating data.

— Accuracy and Precision. _ Notable exceptions.

i
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Physical Effects - Viscosity

+ Application:
— Routine on all samples, used to confirm
grade and screen for contamination.

» Principle:
— Sample is measured for how long it takes to
flow under gravity through a capillary tube
at a constant temperature.

+ Limitations:
— Highly contaminated samples may not yield
a measurement at all.

5/6/2022
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Viscosity Example
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Customer Information ks e Mtz PETOCANAOA FLUID ¢ LIFE
T i Trend Analysis
Your Sample Rank
Top Trends Analysis
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1K g I 'l i
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40°C & 100°C - Common Cause

+ Mixing With Another Product:
— Will cause viscosity to change:
= Thinner oil, water, fuel, refrigerant and/or solvent ingression will cause
viscosity to decrease.
« Thicker oil, water or glycol will cause viscosity to increase.
— Mostly an issue with ISO VG oils, not as much in SAE oils.
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40°C & 100°C Viscosity - Exceptions

+ Oxidation:
— Aging, thermal abuse or water contamination will lead to excessive
oxidation resulting in an increase.

+  Soot Contamination:
— Willincrease viscosity in engine oils, however greater attention
should be given to the 100°C viscosity.

+ Shearing:
— Permanent shear will cause a decrease.
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40°C & 100°C - Pitfalls

» 10% Rule For ISO VG OQils:

— Allowable variance for each grade, smaller changes do not typically
indicate problems.

+  SAE J300 Table:
— Allowable range for each grade, no exceptions.

+ Masking Shearing Or Fuel Contamination:

— Heavy oxidation or soot contamination can offset some of the
decrease from shearing or fuel contamination.

+ Look at Both 40°C And 100°C Values:

— If 40°C is stable, but 100°C changes, then VI is changing indicating
mixture of products.

5/6/2022
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Viscosity Index

+ Application:
— Routine on all samples, used to confirm correct product and check
for shearing.

» Principle:
— Calculated value based on both 40 and 100 °C viscosities using
ASTM D2270 and standard number pulled based upon recorded
viscosities.

- Limitations, Interferences, Accuracy, etc.:
— Based on viscosity measurements.
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Viscosity Index- Common Cause

+ Mixing With Another Product:
— Will cause viscosity index to change:
« Mixing single grades and multi-grades.
+ Mixing high VI oils and lower VI oils.

VHVI - very high viscosity index (~130)
~ UHVI - ultra high viscosity index (~150)

VISCOSITY (cSt)

SAE 5W-30 (VI 150)
SAE 30 (VI 100)

-20°C 100°C

5/6/2022
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Viscosity Index - Exceptions

« Shearing:
— VI additized oils, and some High Viscosity Index (HVI) oils will shear
down:
« Correlated by decrease in both 40°C and 100°C viscosities without top-up.
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Viscosity Index - Pitfalls

+ What am | Getting?

— Not all labs measure both viscosities, some measure one then assume
the VI and calculate the other.

+ Ignoring Changes:
— Decrease generally indicates shearing, but may represent mixing with
lower VI product.
— Increase always indicates top-off with a higher VI product.
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Physical Effects - Crackle and KF (Water)

« Crackle Test: « Karl Fischer (KF) Titration:

— Simple visual/auditory — Sample is reacted with KF
screening test can detect reagent (contains iodine)
water as low as 150-200 and current is passed
ppm (depending on skill of between platinum plates.
the technician). Sample reacts until water is

— Hotplate at 120°C, senses gone.
detect bubbling or crackling
of water.

5/6/2022
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Water

+ Application:
— Crackle is routine on all samples, used as screen for Karl Fischer
and to identify gross contamination.
— Consider routine Karl Fisher for hydraulic, turbine and paper
machine oils or high-speed applications.

» Principle:
— Crackle uses audio and visual indicators when sample is placed on
hot plate.
— Karl Fischer (KF) titrates with iodine to quantify water content.
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Water

+ Limitations:
— Crackle is indicative from 150-250 to >1000 ppm.
— Karl Fischer measures 10 ppm - 100%.

+ Interferences:
— Crackle can appear high if other volatile compounds (fuel,
refrigerants) are present.
— KF can skew high from ambient conditions at time of sample or
testing.
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Water Contamination Example
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Water - Common Cause

* Moisture:
— Ingression through air breather, filter or cover into the system,
cooling system leak:
« Evidenced by either a steady or sudden increase in water level.
— Wateris the #1 cause of diesel engine failures (oil related) and #2
cause of industrial equipment failures.
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Water - Exceptions

*+ Inherently present:
— All fluids contain some small amount of water, but varies based on
manufacturing, storage, operating conditions, etc:
+ Evidenced by steady levels.

+ Improper sampling:
— Evidenced by anomalous water reading, not seen in next sample.
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Water - Pitfalls

+ Sample Location:

— Samples taken from low points and stagnant lines typically show
higher than representative results.

+  Sampling Procedure:
— Improperly flushed sample point will significantly alter result.

+ Negative (N) Crackle:
— Does not mean ‘no’ water.
— Lower detection limit is about 150 - 250 ppm.
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Chemical Effects - GC

+ Gas Chromatography (GC):
— Very good technique for quantifying the presence of contaminants

like:
* Fuel
« Coolants (Glycol)
Sample
injector

T regulated oven

@ Mass
spectrometer

5/6/2022

: detector
o,
He, Ny, H, P
open tubular
(capillary)
i
FLUID & LIFE  couonton A8 | sranTroro, on | MNNEAPOLI,MN | IRVING, X Toruraee 87762200 o fliocon el
TQUIPMENT RELIABILITY SERVICES >

232

Fuel Contamination

+ Limitations:
— Heavily oxidized or high soot samples may not trigger this test.

— If reference is at the top of the grade, it may not trigger.

+ Interferences:
— No significant interferences.

» Accuracy and Precision:
— GC down to two decimal places, 0.01%.
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Fuel Contamination

+ Managing Fuel Contamination:
— Watch viscosity!
— Routine testing for fuel in critical applications.
— If fuel is found, search for source, correct, change oil if below
acceptable limit, or viscosity is out of grade.
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Fuel Contamination

+ Detecting Fuel Contamination:

— May see blue exhaust smoke due to fuel dilution (collapsed rings).

— Sometimes you can detected by odor.

— Fuel Sniffer - employs a Surface Acoustic Wave (SAW) Vapor Micro
sensor to measure the concentration of fuel in used lubricating oil
samples. It samples the “headspace” in a sample and
detects absorbed hydrocarbons by a change in frequency of a
surface acoustic wave.
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Fuel Contamination Example
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Fuel Contamination - Common Cause

+ How can you get fuel in your oil?
— Idling, lugging, damaged rings or liners.
— Blow by, incorrect engine timing.
— Fuel injector issues.
— Damaged seals, damaged fuel pump (lobes, seals).
— Oil drain extensions - excessive.
— Excessive idling especially in cold weather conditions.

» Fuel is the # 2 cause of Diesel Engine Failures.
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Fuel Contamination - Common Cause

+ What will fuel do to your engine?
— Reduce the viscosity of your oil.
— Dilute critical additives.
— Wash-down.

+ Remove or reduce the protective oil film on engine components
(especially cylinder liners).

+  Can cause engine fires if % fuel exceeds 5%:
— 5% fuel can change an SAE 30 to an SAE 20. ...,

» Recommended limits should be set for:
- 1.5=caution
— 5.0 = critical
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Fuel Contamination - Exceptions

+  Sampling Timing:
— If sample is collected after extensive idling, cold weather starting,

frequent starting and/or short trip operation, then resampling
properly will confirm if there is a true mechanical issue.

5/6/2022
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Chemical Effects - GC

+ Application:
— Triggered based on elevated Sodium and Potassium in all engine
samples.
» Principle:

— GC quantifies ethylene and propylene glycol by molecular sorting.

+ Limitations:
— No significant limitations.
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Glycol Contamination

+ Detecting glycol:
— Gas Chromatography - triggered on 20 ppm Na, K.
— Viscosity changes - glycol increases viscosity.
— Blotter test > easy method for quick detection.

« Controlling Coolant:

— Test a new oil sample to establish baseline limits for coolant (Sodium -
Na, Potassium - K, Boron - B).

— Set alarm limits to trigger a glycol test, usually 20 ppm of Na and/or K,
to trigger Gas Chromatography (GC - glycol).

— Monitor for glycol and potential sources of entry into machine.
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Glycol Contamination Example
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Glycol Contamination - Common Cause

How does coolant get into a machine?+ What does it do to your machine?

— Apoint of ingress caused by: — Can cause:
. Improperly torqued cylinder head, « Abrasive damage to liner and water
crack or hole in cylinder sleeve. pump seal rubbers.
. Seal damage or breakdown. « Increased current corrosion of soft
. Mixing of oils leading to seal metals like aluminum and copper
shrinkage. due to abrasion.

Liner pitting around top lower seal
rubbers due to improper wash of
coolant in area of sludge
accumulation.

Filter failure due to formation of oil
balls.

White smoke in diesel engine
exhaust.

. Corrosion, damaged cooler core.

. Cavitation (air bubbles along
cylinder walls).

. Electrochemical erosion (magnetic
elements in fluid):
— Cu, Sn, Pb with water will corrode Fe.
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Glycol Contamination - Common Cause

+ Oil ball - formation from glycol and motor oil:
— Detergent (calcium sulfonate) + Glycol coolant > VERY hard precipitates.
— Size range ~5 to 40 microns.
— Abrasive wear from the hard particles, especially in soft bearing overlays.
— Can plug filters.

«  What does it do to your oil?

— Can cause: 5 B
+ Increase in viscosity. » Ei 5
+ Formation of gels and emulsions (water presence). - C¥

Increase in Acid Number.
Impedance to oil flow in narrow tolerances.
Decreased lubrication efficacy.
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Glycol Coolant Contamination -
Exceptions

+ Sampling Technique:
— If sample is collected from a common sump or drain pan, or if
sample tubing previously used to collect a coolant is re-used, then
resampling properly will confirm if there is a true mechanical issue.

253
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Glycol Coolant Contamination -
Pitfalls

+ Triggered Test:
— Some newer formulations of coolants do not contain sodium or
potassium additives.

+ Coolant = Glycol + Additives:

— No glycol does not mean there is no coolant leak, it simply means
the glycol (base fluid) is not present and likely boiled off. Presence
of both sodium and potassium mean additives are present and
there is a definite coolant leak.

5/6/2022
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Chemical Effects - ICP

 Inductively Coupled Plasma (ICP):
— Spectrometer measures the light of various wavelengths that is
produced when a quantity of oil is "burned" at high temperature.
— Elements are measured in ppm (parts per million).
— Argon gas passed through a radio frequency induction coil to
Temperatures >8000K.
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Chemical Effects - ICP
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Sodium and Potassium (Burnt Glycol)
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Sodium - Common Cause

+ Coolant Leak:

— Coolant enters through seal failure, cracked head or liner:

 Evidenced by sudden appearance of sodium, may correlate against

potassium and boron increases.
May not correlate against presence of glycol; sodium is an additive that
will remain even if the glycol base fluid is boiled off. Oil change should
reduce levels if issue has been addressed.
Evidence of bearing metals (lead, tin, copper) indicate a very serious
problem.
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Sodium - Exceptions

+ Salt:

— Sodium alone may appear if component is operated near salt water
or if mobile and operated on salted road; not immediately damaging
but may lead to shorter oil life from corrosion with prolonged
exposure.

* Activated Alumina:
— Sodium may appear in systems with acid scavenging systems
using Activated Alumina or Selexsorb®; will lead to metal-salt
formation causing valve stiction.
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Sodium - Pitfalls

» New coolants:
— Some newer coolants do not contain sodium based additives and
will not trigger a glycol check by GC.
— Consider adding glycol testing as routine testing for critical or
expensive components.

5/6/2022
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Potassium - Common Cause

+ Coolant Leak:
— Coolant enters through seal failure, cracked head or liner:

+ Evidenced by sudden appearance of potassium, may correlate against
sodium and boron increases.

« May not correlate against presence of glycol; potassium is an additive
that will remain even if the glycol base fluid is boiled off.

« Evidence of bearing metals (lead, tin, copper) indicate a very serious
problem.
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Potassium - Exceptions

+ Fly Ash:
— Potassium appears as a combustion product of coal and wood.
Evidenced by appearing only in components near a chimney stack;
or sudden appearance after nearby forest fire .
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Potassium - Pitfalls

» New coolants:
— Some newer coolants do not contain potassium based additives
and will not trigger a glycol check by GC.
— Consider adding glycol testing as routine testing for critical or
expensive components.

5/6/2022
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Silicon and Aluminum example (dirt)
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Silicon - Common Cause

+ Dust and/or dirt:
— Ingression through air breather, filter or cover into the system:

« Evidenced by either a steady or sudden increase in silicon level,
correlates with aluminum if dirt and wear metals if abrasive.

— Possibly from improper sample taking:
« Evidenced by anomalous silicon reading, not seen in next sample.

"
FLUID & LIFE  couontonas | sranTroRo, on | MMNEAPOLIS, MN | IRVING,TX  Toruraee 8770622800 s e con
TovipENT sECmLTY sEavIGE:

266

Silicon - Exceptions

+ Sealant:
— Overuse of silicone sealant/gasket maker entering the system:

- Evidenced by sudden appearance after maintenance, especially with
no increase in wear metals.

» Grease:
— Leak between greased component and oil system:
* Must use silicon-based grease on-site.
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Silicon - Pitfalls

+ Size matters:

— Gross contamination may be too large for routine analysis to detect,
even leading to wear particles outside detection range.

» Decreases not always good:

— Sudden decreases without any action (filtration, fluid change) being
taken may indicate contaminant has increased in size.
— Follow through with large particle analysis to confirm.

5/6/2022
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Aluminum - Common Cause

+ Wear Metal:
— Aluminum is common in bearings, engine blocks, bushings and
blades from blowers, rotors and turbochargers:

« Evidenced by an increase in aluminum levels, usually in conjunction
with iron.
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Aluminum - Exceptions

+ Dirt:
— Dirt has elevated levels of aluminum:
« Evidenced by silicon and aluminum in a ~3:1 ratio.

» Activated Alumina:
— Aluminum will appear in systems with acid scavenging systems
using Activated Alumina or Selexsorb®; will lead to metal-salt
formation causing valve stiction.
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Aluminum - Pitfalls

+ Not all aluminum is wear:

— Other than the usual pitfalls for a wear metal, high levels of
aluminum may indicate a much less serious problem with a
relatively simple and non-mechanical solution:

+ Aluminum originating from dirt may simply require an inspection and
repair of the exclusion device (filter, breather) and its connection/seal.

5/6/2022
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Iron

+ Iron will commonly be with alloying elements or with bearing
elements:
— Copper, Lead, Tin (Bearing)
— Chrome (alloying or plating)
— Nickel (alloying or plating)
— Chrome & Nickel (alloying or plating)
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Iron with Copper, Tin, Lead (Bearing)
example
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Iron - Common Cause

* Wear Metal:

— Iron is the foundation element in all forms of steel, which is by far

the most prevalent material in lubricated components:
« Evidenced by increase in iron level, may directly relate to service or

age of component.
Should see sacrificial metals first, e.g. soft metals like copper, tin and
lead in bearing supported components or components with brass parts
like gearboxes and pumps.
Alloys may be identified by presence of other metals like chromium,
titanium, molybdenum and vanadium.
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Iron - Exceptions

+ Fuller’s Earth:

— Primary component of granular absorbent (kitty litter, floor dry) and
some acid scavenging filters:

« Evidenced by increases in iron, calcium and magnesium, and increase
in particle count.
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Iron - Pitfalls

+ Not all iron is physical wear:

— Some iron may come in the form of contamination from absorbent,
or it could come from corrosion (rust) due to elevated water content
and/or air entrainment.
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Lead - Common Cause

+ Wear Metal:

— Lead is a common overlay in bearings (Babbitt), and a component
of brass:

+ Evidenced by an increase in Lead levels, usually in conjunction with
copper and/or tin.

LEAD-TIH-COPPER OVERLAY
 FOR WPSOVED FATIGUE
PeRroAMANCE

N BARRIE

i
— i
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Lead - Exceptions
+ Solder:
— Many solders contain lead, and are alloyed with tin:
« Evidenced by increases in tin and an elevated Acid Number.

+ Anti-Seize:

« Evidenced by an increase in tin and molybdenum, and possibly particle
counts immediately after maintenance.

5/6/2022

— Some anti-seize compounds contain lead and usually molybdenum:
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Lead - Pitfalls

+ NotAll Lead Is Bad:

— Other than the usual pitfalls for a wear metal, high levels of lead
may indicate a much less serious problem with a relatively simple
and non-mechanical solution:

« Lead originating from solder or anti-seize may simply require an oil
change to rectify the situation (remove acids eating the solder or the
anti-seize contaminant).
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Tin - Common Cause

* Wear Metal:

— Tin is a common overlay in bearings (Babbitt) and as piston overlay
(break-in coating), a component of brass, and found in parts like
bearing cages and flashing, bushings and thrust plates:

« Evidenced by an increase in tin levels, usually in conjunction with
copper and/or lead.
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Tin - Exceptions

+ Solder:
— Many solders contain tin:

+ Evidenced by increases in tin and lead or silver and an elevated Acid
Number.

+ Synthetic Oil Additive:
— Some polyol ester fluids contain high levels of tin as remnants of
the manufacturing process, or as a sacrificial anti-oxidant:
+ Evidenced by high levels of tin after oil changes or top-ups.

5/6/2022
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Tin - Pitfalls

+ Size Matters:

— Rapid failures may be too large for routine analysis to detect
directly.

+ Decreases Not Always Good:

— Sudden decreases without any action (filtration, fluid change) being
taken may indicate contaminant has increased in size.

— Follow through with large particle analysis to confirm.
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Copper - Common Cause

+ Wear Metal:
— Copper is a common overlay in bearings underneath the Babbitt, a
component of brass/bronze, and found in parts like bearing cages,
thrust and wear plates, bushings and guides:

« Evidenced by an increase in copper levels, usually in conjunction with
lead and/or tin, and sometimes zinc.
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5/6/2022

Copper - Exceptions

+ Coolers:

— Tubing in coolers and heat exchangers is often copper, new
components will leach metals while they build up a protective
oxidative layer:

« Evidenced by elevated copper levels during first ~1500 hours of service
which then vanish with subsequent oil changes.

+ Anti-Seize:
— Some anti-seize compounds contain copper:
+ Evidenced by an increase in copper, and possibly particle counts,
immediately after maintenance.
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Copper - Exceptions (cont’d)

* Wrong Gear Oil:
— Use of a sculpture-phosphorus EP additive in a copper or brass
system will lead to chemical wear:

« Evidenced by increase in copper in conjunction with either sudden
appearance of phosphorus not previously detected (when R&O oil is
normally used), or stable phosphorus and decrease in zinc (when AW
oil is normally used).

« Pitting from leached copper on gear teeth as shown below.
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Iron and Chromium Example
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Chromium - Which Valve?

+ Intake valve: often a chromium-nickel alloy.

+ Exhaust valve: often a silicon-chromium alloy since it operates
at higher temperatures (~1200°F / 649°C).
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Chromium - Common Cause

* Wear Metal:

— Chromium is a common coating for many steel parts like bearings,
valves, rods and rings, and an alloy of both stainless steel and low
alloy steel:

« Evidenced by an increase in chromium, usually in conjunction with iron
and generally follows higher silicon levels.

5/6/2022
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Chromium - Exceptions

+ Rust Inhibitor:
— Cooling water may contain chromium based rust inhibitors:

« Evidenced by increases in either sodium or potassium, and possibly
water content.
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Chromium - Pitfalls

+ Proportional?
— Confirming if chromium is proportional or not with other metals like
iron will differentiate if the wearing part is alloyed or coated,
respectively.
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Iron and Nickel Example
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Nickel - Common Cause

+ Wear Metal:
— Nickel is a common alloy in many forms of steel or as plating on
some parts:

« Evidenced by an increase in nickel levels, usually in conjunction with
iron.

5/6/2022
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Nickel - Exceptions

+ Bearings:
— Some bearings are being manufactured with nickel coating, leading
to seemingly atypically high nickel levels during break-in periods:

« Evidenced by high nickel on new components with a sudden decrease
after an oil change and ~1500 hours of service.

+ Anti-Seize
— Some anti-seize compounds contain nickel:

« Evidenced by an increase in nickel, and possibly particle counts,
immediately after maintenance.
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Nickel - Pitfalls

+ Singular, Combined or Proportional?
— Nickel on its own is often indicative of nickel parts, while nickel in
conjunction with chromium is suggestive of coatings.
—  Confirming if nickel is proportional or not with other metals like iron will
differentiate if the wearing part is alloyed or coated, respectively.
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Other Tested Metals

+ There are other metals that are tested for with the IPC but are
not as common:
— Titanium
— Silver
— Vanadium
— Antimony
— Beryllium

5/6/2022
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Titanium - Common Cause

+ Wear Metal:
— Titanium is used as an alloy in some bearings and turbine shafts:

« Evidenced by an increase in titanium levels, usually in conjunction with
iron, aluminum and/or nickel.
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Titanium - Exceptions

+ Paint:
— Machinist’s layout fluid used for checking gear mesh.

— Also used as a brightener of paint, or for reflective finishes. Large-
scale, recent painting may have migrated into lube system.

i
FLUID & LIFE  couontonas | srantroRo, o | MMNEAPOLIS, MN | IRVIG,TX  Tovuraee 8770622800 s o con
TovipuENT sECmLTY sERvIGE:

303

101



Titanium - Pitfalls

+ NotAll Jet Engines Fly:
— It should be remembered that some stationary turbines are really
aviation turbines with minor modifications, therefore these
components may have one or more titanium alloyed parts.

5/6/2022

i
FLUID & LIFE couonton.as | sranTroRo, o | MMNEAPOLIS, MN | IRVING,TX  Tovuraee 8770622800 s e con
TovipuENT sECmLTY sERvIGE:

304

Silver - Common Cause

* Wear Metal:
— Silver is used as an overlay in some bearings (EMD locomotives
engines, some gas turbines and most aviation engines), as an alloy
in some bearing rollers and races, valve guide and cylinder liners:

« Evidenced by an increase in silver levels, usually in conjunction with
iron.

"
FLUID & LIFE  couontonas | sranTroRo, on | MMNEAPOLIS, MN | IRVING,TX  Toruraee 8770622800 s e con
TovipENT sECmLTY sEavIGE:

305

Silver - Exceptions

+ Solder:
— Some solders contain silver:
« Evidenced by increases in silver and tin and an elevated Acid Number.

+ Unfriendly Zinc:
— Zinc is corrosive to silver, so use of an incorrect lubricant may lead
to high silver levels through chemical wear, not physical wear:
« Evidenced by elevated silver after appearance of zinc.
« These applications require a tricresyl phosphate anti-wear additive.
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Silver - Pitfalls

« NotAll Silver Is Physical Wear:
— Other than the usual pitfalls for a wear metal, high levels of silver
may indicate corrosion:
« Silver originating from a reaction with zinc will require an immediate
fluid change and close monitoring to ensure the metal surface has not
been grossly affected leading to physical wear.
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Vanadium - Common Cause

* Wear Metal:
— Vanadium is used as an alloy in some hard steels:
« Evidenced by an increase in vanadium levels, usually in conjunction
with iron.
— Vanadium may be alloyed in some coatings:

« Evidenced by an increase in vanadium levels, usually in conjunction
with chromium.
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Vanadium - Exceptions

+ Crude Oil/Bunker Fuel:
— Crude oil contains vanadium and it is not removed when making
bunker fuel:

- Evidenced by appearance of vanadium and nickel in conjunction with
increase in solids or Pentane Insolubles (looking for traces of fuel ash).
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Vanadium - Pitfalls

+ Rarity:
— Vanadium alloyed parts are not common, therefore this value is not
often looked at.
— Confirming if vanadium is proportional or not with other metals like
iron or chromium will differentiate if the wearing part is alloyed or
coated, respectively.
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Antimony - Common Cause

+ Wear Metal:
— Antimony is used as an alloy in some steels:

« Evidenced by an increase in antimony levels, usually in conjunction
with iron.

"
FLUID & LIFE  couontonas | sranTroRo, on | MMNEAPOLIS, MN | IRVING,TX  Toruraee 8770622800 s e con
TovipENT sECmLTY sEavIGE:

311

Antimony - Exceptions

+ Additive:
— Some greases may contain antimony based EP additives,
particularly marine greases.

— In some rare cases antimony has shown up as part of a fuel’s or
oil's additive package:
« Evidenced by an increase in antimony without a marked increase in
iron.
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Antimony - Pitfalls

+ Low levels:

— Antimony is used in such small quantities as an alloy that unless
the lab is reporting below 1 ppm resolution, changes go unnoticed.

» Rarity:
— Antimony additive greases are not common, therefore this value is
not often looked at.
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Beryllium - Common Cause

+ Wear Metal:
— Beryllium is found in some forms of bronze:

« Evidenced by an increase in beryllium levels, usually in conjunction with
a more prominent increase in copper and/or lead.

— No exceptions, no pitfalls.
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Additives

+ The common additives are listed as PPM on oil analysis reports.

+ Concentration of each type of additive are not able to be
differentiated.

+ Increased additive concentration may be from incorrect oil
mixtures, after market additive packages greases, cleaning
products, wear from components.

4
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Wrong Oil Example
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Calcium - Common Cause

+ Oil Additive:
— Detergent additives often use a calcium-based additive:

- Evidenced by appearing in the new oil line, variations above 25%
should be considered as mixing with another product or degradation.
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Calcium - Exceptions

+ Fuller’s Earth:
— Primary component of granular absorbent (kitty litter, floor dry) and
some acid scavenging filters:

« Evidenced by increases in iron, calcium and magnesium, and increase
in particle count.

+  Water and/or Salt:
— Common contaminants like water, sea water and road dust contain
calcium:

+ Evidenced by an increase in calcium and either an increase in water
content or particle count.
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Calcium - Pitfalls

+ Hidden Contaminants:

— Detergent additive packages contain hundreds or thousands of
ppm of calcium which masks small increases:
- Evidence to be found in an increase in particle counts or water content.
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Zinc - Common Cause

+ Oil Additive:
— Found in anti-wear additive packages:
- Evidenced by appearing in the new oil line, variations above 25%
should be considered as mixing with another product or degradation:
— AW additive packages have relatively equal zinc and phosphorus
concentrations (Zn attacks silver).
— EP oils have phosphorus only.
— R&O have neither.

s
Ro\ T / \P/OH

P i i
no” 7 \S/ =

(R =alkyl)
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Zinc - Exceptions

* Wear Metal:
— Zinc is also found in brass, some solders, galvanized metals and
some forms of plating:
« Brass wear evidenced more by increase in copper.
+ Solder attack evidenced more by tin or lead.
+ Galvanized metal evidenced more by iron.
« Plating evidenced more by chromium or nickel.
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Zinc - Pitfalls

+ Hidden Wear Metals:

— Many components with zinc as a wear metal use an AW oil which
masks small increases:
« Evidence to be found in an increase in associated metals.
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Phosphorus - Common Cause

+ Oil Additive:
— Found in both Anti-Wear and Extreme Pressure additive packages:
- Evidenced by appearing in the new oil line, variations above 25%
should be considered as mixing with another product or degradation:
— AW additive packages have relatively equal zinc and phosphorus
concentrations (Zn attacks silver).
~ EP oils have phosphorus only.
— R&O have neither.
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Phosphorus - Exceptions

+ Grease Additive:

— Greases are also additive with EP and AW packages:

- Evidenced by appearing in the new oil line, variations above 25%
should be considered as mixing with another product.
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Phosphorus - Pitfalls

+ Clean Contamination:

— Phosphorus is also found in some types of washing detergents:

- Evidenced by appearance or increase after nearby washing has
occurred.
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Magnesium - Common Cause

+ Oil Additive:
— Detergent additives often use a magnesium-based additive:

- Evidenced by appearing in the new oil line, variations above 25%
should be considered as mixing with another product or degradation.
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Magnesium - Exceptions

+ Fuller’s Earth:
— Primary component of granular absorbent (kitty litter, floor dry) and
some acid scavenging filters:

« Evidenced by increases in iron, calcium and magnesium, and increase
in particle count.

+  Water and/or Salt:
— Common contaminants like water, sea water and road dust contain
magnesium:

« Evidenced by an increase in magnesium and either an increase in
water content or particle count.
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Magnesium - Pitfalls

+ Hidden Contaminants:

— Detergent additive packages contain hundreds or thousands of
ppm of magnesium which masks small increases:
« Evidenced by an increase in particle counts or water content.
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Molybdenum - Common Cause

« Friction Modifier:
— Friction modifier or anti-slip additives often use a molybdenum-
based additive:

- Evidenced by appearing in the new oil line, variations above 25%
should be considered as mixing with another product or degradation.
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Molybdenum - Exceptions

+  Wear Metal:
— Piston rings and some alloys of steel contain molybdenum:
+ Evidenced by an increase in molybdenum and iron together.

High Plasma
Dugctile I

Strength. Moly
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Molybdenum - Pitfalls

« Energy Conservation:

— Friction modifiers are used in energy conserving oils, which are
needed in limited-slip differentials but cause problems in wet-clutch
application:

« Evidenced by appearance of molybdenum in non-additive oils, with no
correlating Iron to suggest ring wear.
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Boron - Common Cause

+ Oil Additive:
— Detergent additives often use a boron-based additive, but even
some anti-wear or EP additives have smaller amounts:

« Evidenced by appearing in the new oil line, variations above 25%
should be considered as mixing with another product or degradation.

5/6/2022
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Boron - Exceptions

+ Coolant Leak:

— Some coolants may have a borate-based inhibitor:
Evidenced by sudden appearance of boron, may correlate against
sodium and potassium increases.
May not correlate against presence of glycol; boron is an additive that
will remain even if the glycol base fluid is boiled off.
Evidence of bearing metals (lead, tin, copper) indicate a very serious
problem.
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Boron - Pitfalls

+ Clean Contamination:
— Boron is also found in some types of washing detergents used for
“steam-cleaning” drums and totes:

- Evidenced by appearance or increase only after transferring from
containers that have been cleaned.
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Barium - Common Cause

+ Oil Additive:
— Detergent additives rarely use a barium-based additive:

- Evidenced by appearing in the new oil line, variations above 25%
should be considered as mixing with another product or degradation.

5/6/2022
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Barium - Exceptions

+ Grease Additive:
— Greases may also be additized with barium-based detergents:

- Evidenced by appearing in the new oil line, variations above 25%
should be considered as mixing with another product.
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Barium - Pitfalls

» Never There/Never Check:
— Barium is used as an additive so rarely it is not given a second
glance:

« If not usually there, then any trace of barium indicates contamination
with another product.
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Lithium - Common Cause

+ Grease Contamination:
— The most common thickener in grease is lithium:
« Evidenced by the presence of lithium.
— No exceptions, no pitfalls.

5/6/2022
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Additional Tests Done by Fluid Life

» FTIR - Soot, Nitration, Oxidation, Sulfation

+ Potentiometric Titration - Acid Number and Base Number
+ IS0 - Particle Count

+ Optical Particle Classification

* MPC (Membrane Patch Colorimetric (Varnish Potential)
» RPVOT - Rotation Pressure vessel oxidization test

* RULER - Remaining Useful Life Evaluation Routine

+ X-Ray Fluorescence

+ Filter test

+ Total Magnetic Iron

+ Analytical Ferrography
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Fourier Transform Infra-Red (FTIR)

+ Application:
— Soot routine on all diesel engine samples, NOx and Ox on all
natural gas engine samples, used to determine combustion
problems.

+ Principle:
— Infra-red beam is passed through a static film of oil, resulting
spectrum is subtracted from new oil spectrum to determine values.

+ Limitations:
— QOil specific calibration required for accurate measurements of
water, fuel, glycol, ZDDP.

« Fluid Life makes use of alternate and superior methods for these
parameters.

i
FLUID & LIFE  couontonas | srantroRo, o | MMNEAPOLIS, MN | IRVIG,TX  Tovuraee 8770622800 s o con
TovipuENT sECmLTY sERvIGE:

342

114



Chemical Effects - FTIR

« Fourier Transform Infrared (FTIR) Spectroscopy:
— Very good technique for measuring:
+ Soot
« Nitration
Oxidation
Sulphation
Acid Number} No ASTM
.

Base Number | method yet

Mg e
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FTIR - Interferences

LOWER
SENSITIVITY TO
- DE'II'jr(‘:II_IDN REFERENCE OIL INTERFERENCES

GLYCOL 0.1% Very High Oxidation, water, antioxidants (phenols)
WATER 0.1% Medium High soot, additives, glycol, alcohols, acids
S00T 0.01 Abs Very Low Particle size, engine (yple, particle density,
water (high)
FUEL 2% Ultra High Aromatics, fuel type
Low VI Improvers, dispersants, high water,
R OGS Ultra High (syn oils) esters, ketones
SULPHATION 0.01 Abs Low ZDDP, S-P EP, rust inhibitors
NITRATION 0.01 Abs Low VI improvers, dispersants
ANTIOXIDANT 1.0 Abs Ultra High Water, glycol, alcohols
ZDDP B o o 3
DEPLETION 0.01 Abs Ultra High Aromatics, fuel, silicon oxides
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Soot Contamination

* Modern engines employ Exhaust Gas Recirculation (EGR) to
reduce harmful emissions:
— Apercent of the exhaust gas is diverted back to the intake air
through a cooler. This action allows:
More complete burning of NOx gases.
Introduces soot back into the intake gases.
Increases the overall soot load in motor oils.
Soot particles can become larger and more abrasive.
Uses up dispersant additive at a higher rate.
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Soot Contamination

+ Oil can hold some soot (dispersants, etc.). Acid from oxidation
can make soot drop out of solution:
— Soot causes:
Increased wear on components.
Deposits, and return oil-way blockage.
Loss of dispersancy.
Loss of an oil’s antiwear and protective functions.
Increased filter plugging .
VISCOSITY INCREASE.
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Soot Example
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Soot Contamination - Common Cause

+ Soot is particularly concerning in crankcase applications:
— Can be caused by:

High blow by and wash down within the oil film on the cylinder and liner
surfaces.

Incorrect timing (fuel rich, insufficient air in air : fuel ratio).
Low compression.

Plugged air filters - poor airflow.

Cold intake air temperatures.

Excessive idling and lugging.

Extended oil drain intervals.
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Soot Contamination

+ Sampling Timing:
— If sample is collected after extensive idling, then resampling
properly will confirm if there is a true mechanical issue.

+  Unit Of Reporting:
— Soot can be reported as:
* % Soot
* % Allowable
* % Transmittance
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Nitration and Oxidation Example
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Nitration - Common Cause

+ High Temperatures:

— Reaction between nitrogen and oxygen at very high temperatures,
typically seen in natural gas engines, creates NOX gases. Gases
get into the oil on the cylinder walls and into the crankcase through
blow-by:

« Generally correlates with increase in viscosity and a increase in Acid
Number (if measured).
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Nitration - Exceptions

+ Advanced Timing:
— Early combustion will increase nitration.

» Bio-Diesel Use:

— Without proper adjustment to timing, bio-diesels can produce more
nitration than conventional diesel at same setting.
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Nitration - Pitfalls

« Mistaken Identity:

— Visually nitration by-products are a reddish-brown, while oxidation
by-products are dark brown to black.

— Qil nitration causes light to dark brown deposits on cool parts of an
engine such the piston skirts shown below.

— Qil nitration has created a brown sludge as observed on the top
end of the engine head on this Caterpillar engine.

i
FLUID & LIFE  couontonas | sranTroRo, on | MMNEAPOLIS, MN | IRVING,TX  Toruraee 8770622800 s e con
TovipENT sECmLTY sEavIGE:

359

Oxidation - Common Cause

+ High Temperatures:

— Inherent reaction between oil and oxygen is greatly accelerated by
heat:

« Generally correlates with increase in viscosity and Acid Number (if
measured).

+ Remember that every 10°C rise in sump operating temperature, over
80°C, decreases the life of the oil by one half.

80 10000 416
90 5000 208
100 2500 104
110 1250 52
120 625 26
130 313 13
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Oxidation - Pitfalls

+ Mistaken Identity:
— Oxidation by-products may take on a crystalline form which is often
mistaken as soot, to the untrained eye. Always confirm with
analysis.
— Below is a view of the inside of the engine block observed from the
lower portion of the block. The interior of the block was coated with
a dark brown to black deposit as a result of oil oxidation.
— Photo below of a normal and plugged oil suction screen.
> : >

Normal Ol Sludge
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Sulfation - Common Cause

+ sulfur In Fuel:
— Sour fuel allows sulfur to be burned in combustion chamber,
creating oxides of sulfur which poison catalytic converter systems:

« Generally correlates with an increase in viscosity and Acid Number (if
measured).
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Sulfation - Exceptions

+ sulfur In Oil:
— The sulfur content in some oils, either from the base stock or from
the additives, being burned in the combustion chamber may
contribute to this value.
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Sulfation - Pitfalls

+ Not Requested:
— Since most fuels and oils contain very little sulfur, this test must be
requested by users of sour fuels or Group | oils.

5/6/2022
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Chemical Effects - Potentiometric Titration

+ Used to titrate a sample to determine (via electric conductivity):
— Acid Number (oxidation).
— Base Number (detergents).
— Reported in mg KOH/g. titrant
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Acid Number - Potentiometric Titration

+ Application:
— Used to extend drain intervals, and as
an indication of oxidation.
— Can be used on any oil with expected
results >0.1 mg KOH/g, preferred
choice for darker samples.

+ Principle:
— Sample is titrated with a base to a potentiometric (mV) endpoint to
quantify acid content.
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Acid Number - Potentiometric Titration

+ Limitations:

— Not a strong indicator of problems in large reservoir applications on
its own, consider adding RPVOT or similar in such cases.

+ Interferences:
— High water content samples may not be accurate.

+ Accuracy And Precision:
— Repeatability: < 11.7% 19 times out of 20.
— Reproducibility: < 44% 19 times out of 20.
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Base Number - Potentiometric Titration

+ Application:
— Used to determine oil change intervals in gasoline, natural gas
and diesel engines.

» Principle:
— Sample is titrated with an acid to quantify base content, a.k.a.
Reserve Alkalinity.
— Engine manufacturers recommend lubricants should have base
numbers 20X higher than the sulfur level of the diesel fuel used.
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Base Number - Potentiometric Titration

+ Limitations:

— Can only be performed on oils with a Base Number additive
package.

+ Interferences:
— No significant interferences.

+ Accuracy And Precision:
— Repeatability: < 5% 19 times out of 20
— Reproducibility: < 7% 19 times out of 20

—AN and BN tests are sometimes referred to as neutralization tests.
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Acid Number and Base Example
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Acid Number - Common Cause

+ Extended Service:
— Normal operation results in a steady rise in Acid Number until
oxidation inhibitor is depleted, then increase becomes exponential.
— Can correlate with small increases in viscosity.
— Itis generally thought that a lubricant only begins to degrade after it
has been put into service, but technically it begins to degrade
immediately following blending.
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Acid Number - Exceptions

+ High Temperature:
— Elevated operating temperatures will result in dramatic increase in
acid production.

+  Water Content:
— Elevated levels of water will contribute to greater acid production.
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Acid Number - Pitfalls

+  Not Trending:

— Often the trend of the acid is of greater importance than the actual
value.

» Problems Diluted:
— Large volume reservoirs dilute changes in acid number, which are
more readily seen with an RPVOT test.

i
FLUID & LIFE  couontonas | srantroRo, o | MMNEAPOLIS, MN | IRVIG,TX  Tovuraee 8770622800 s o con
TovipuENT sECmLTY sERvIGE:

375

125



Base Number - Common Cause

+ Extended Service:
— Normal operation results in a steady decrease in Base Number until
oxidation inhibitor is depleted, then decrease becomes exponential:
« Can correlate with small increases in viscosity.

5/6/2022
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Base Number - Exceptions

+ High Temperature:
— Elevated operating temperatures will result in dramatic increase in
acid production, thus lowering the Base Number.

+  Water Content:
— Elevate levels of water will contribute to greater acid production,
thus lowering the Base Number.
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Base Number - Pitfalls

» Not For Every Application:

— Base Number measures additive performance rather than by-
products of oxidation, therefore the oil must contain a Base Number
additive. Typically only diesel engine oils, some gasoline and
natural gas engine oils.
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Particle Effects - ISO Particle Count

+ Application:
— Used to determine count of particulate >4 pm up to 100 ym in
critical systems; hydraulics, compressors, turbines, paper
machines, transmissions.

+ Principle:
— Laser is shone through a thin film of oil in motion, measurement of
the blockage of light (shadows) equate to sizing and quantification

of particulate.

5/6/2022
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ISO Particle Count

+ Particles in a sample fluid flow through the object cell under
controlled flow and volume conditions.

Top Down View of Particle Counter

Light Detectad
Scatter. Paricle — Light
\ Trap
90 Degree
Detector
_>I ' «———— Reflector
\ / Flow Nozzle
90 Degree
P «——————LaserBeam

—————— L ight Source
Laser Diode Or HeNe Laser
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7y
FLUID £ LIFE
EQUIPMENT RELIABILITY SERVICES
UNDERSTANDING ISO PARTICLE COUNTS
MORE THAN P TO AND NGE
INCLUDING NUMBER (R)
80000 160000 2
40000 80000 23
20000 40000 2
Example 10000 20000 21
SIZE COUNT 150 SR 5000 10000 20
(MICRONS) LARGER RIRVRue
THAN SIZE 2500 5000 1
2136 partcies » 4 micronsimL.
s 2136 » 1300 2500 1
o 463 o 1300 17
| 463 particies » 6 micronsimi.
10 181 » 320 640 1
" & 160 320 15
2 20 e 160 14
63 partcies = 14 micronsim.
50 6 w0 ) 3
s 2 2 ) 12
100 1 10 20 1
5 10 10
25 5 9
13 25 3
A sample is given a fluid cleanliness rating using the table to 054 13 7
the right. To do this, the number of particles greater than three ., B &
size ranges (4, 6 and 14 microns) are determined in the. e T &
equivalent of one militre of sample.
008 016 4
In the example shown, the particle count distribution shown oo 008 3
translates to an ISO rating of 18/16/13 using the corresponding 0.2 004 2
Range Number (R) 001 002 1
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ISO Particle Count

+ Limitations:
— Particulate must be >4 ym and <100 pm to be counted.
— Only counts particulate, does not identify.

+ Interferences:

— Improperly prepared sample will lead to water and air bubbles to be
counted as particulate.

+ Accuracy And Precision:
— Repeatability: + 50% of count, + 1 ISO Code.
— Reproducibility: + 50% of count, + 1 ISO Code.
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ISO Particle Count - Common Cause

« Particulate Contamination:
— Ingression through air breather, filter or cover into the system.
— Evidenced by either a steady or sudden increase in count.

ourtesy Posrs Lascratories

i
FLUID & LIFE  couonton a8 | sratroro, on | MNNEAPOLI,MN | IRVING, X Torusaee:s77.62200 o fiocon sl
SovimuenT ArLmLITY sERviGE:

387

129



5/6/2022

ISO Particle Count - Exceptions

+ Improper Sampling:
— Evidenced by anomalous particle count, not seen in next sample.

« Filter Failure:

— Sudden increase in particle count, in conjunction with near zero
differential pressure across the filter.

+ Incorrectly Installed Filter:
— Evidenced by a rise in particle count after filter replacement.
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ISO Particle Count - Pitfalls

+ Sample Location:

— Samples taken from low points and stagnant lines typically show
higher than representative results.

+  Sampling Procedure:
— Improperly flushed sample point will significantly alter result.

+ Size Matters:
— Will not correlate with spectrographic data, which measures <5 pm.
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Particle Effects - OPC

+ Optical Particle Classification:
— Identifies particulate based on size, shape and type.

— Alaser illuminates fluid sample from behind the flow cell, a camera
takes a picture for processing.

— Measures particles in the range of ~ 4um to < 100pm.

Sampled TV Rate Camera
Fluid Flow Image Processing
Shape Classification
Laser T
Diod
% Wear
Debris
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OPC - Classification Guidelines

+ Optical Particle Characterization:
— Orientation of particles can change characterization.
— Cutting - long, curved or curly, C-shaped particles.
— Sliding - long, straight particles with length greater than width.
— Fatigue - “round” particles; length roughly equal to width, with
jagged, irregular edges.
— Non-Metals:
* Water:
— dark circles with bright centered.
< Air:
— dark round circles; all dark or small bright centers.
— Fibers
« long and partially transparent; possible filter issue.

5/6/2022
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OPC - Classification Table

+ Computer will sort particles into each category - however,
orientation of the particles will affect the results.
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OPC

+ Limitations:
— Shape identification is only of particles >20 pm.
— Limited measurement for particles >100 pm.

+ Interferences:
— No significant interferences.

» Accuracy And Precision:
— Quantification same as ISO particle count.
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OPC Example
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OPC - Common Cause

+ Particulate Contamination:

— May indicate ingression through air breather, filter or cover into the
system.

— May indicate internal generation of wear/contaminants.
— May indicate manufacturing debris is present.
— May indicate improper sampling:
« Evidenced by either a steady or sudden increase in particle count.
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OPC - Exceptions

+ Improper Sampling:
— Evidenced by anomalous particle count, not seen in next sample.

» High Wear Rates:

— Abnormal wear will cause increase in particle count and be evident
in classification.
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OPC - Pitfalls
+ Sample Location:

— Samples taken from low points and stagnant lines typically show
higher than representative results.

+  Sampling Procedure:
— Improperly flushed sample point will significantly alter result.

+ Size Matters:

5/6/2022

— Will not correlate with spectrographic data, which measures <5 pm.
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Varnish Potential (MPC)

* Membrane Patch Colorimetry.

+ Application:

— Used in large volume and/or high speed systems; hydraulic,
compressor, turbine, pump.

» Principle:

— Afilter/Membrane Patch is measured with a spectrophotometer for
Color indicators of varnish precursors in the sample.

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

| ol
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MPC

+ Limitation:

— Gives no indication of the amount of varnish already deposited.

+ Interferences:

— High carbon content from electrostatic spark discharge or micro-
dieseling can skew results.

+ Accuracy And Precision:

— Results are evaluated against an arbitrary scale of 0-100,
repeatability is highly subjective to age of sample at time of testing.
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MPC - Common Cause

+ Oxidation:

— Generally from higher operating temperatures, higher oil flow rates
and/or finer filtration.

P s
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MPC - Exceptions

+ Better Oil Is Not Better In Every Way:

— Base oil production has trended away from Group | oils (lower
purity, higher solvency) toward Group Il and Il (higher purity, lower
solvency):

« In some cases less varnish is produced, but a greater percentage
plates out and is therefore not detected in the sample
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MPC - Pitfalls

+ Riding A See-Saw:
— A high result simply means the fluid contains varnish and the
system may still be relatively clean, but a low result could indicate
most of the produced varnish has plated out and problems exist.

+ Correlation:
— MPC does not correlate with AN, RPVOT or RULER.
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Rotating Pressure Vessel Oxidation Test
(RPVOT)

+ Application:
— Used in large volume systems; turbine, hydraulic, compressor.

» Principle:
— The oxidative stability of the sample is measured in the presence of
water, copper catalyst, oxygen and heat.

— Trending results (measured in minutes) can determine the
remaining useful life.
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RPVOT

Pressure Transducer

Oxygen
100 rpm

Oil Bath
150°C

Copper Coil
1.63mm x 3m

Water Sml
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RPVOT

+ Limitations:

— Procedure evaluated on steam turbine oils with results <1000
minutes.

— Sample must have anti-oxidant additive.
— Time intensive and expensive test.

+ Interferences:
— No significant interferences.

» Accuracy And Precision:
— For samples with results from 30-1000 min.
+ Repeatability: < 12% 19 times out of 20.
+ Reproducibility: < 22% 19 times out of 20.
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RPVOT - Common Cause

+ Oxidation Inhibitor Depletion:
— Trending values allow determination of remaining
useful life.

RPVOT (minutes)

Time
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RPVOT - Exceptions

+ Sudden Drop OK When New:
— Some oils, particularly those ~600 minutes when new, will have
dramatic drop in values for the first few samples but then become
very stable changing by only a few minutes per month later.
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RPVOT - Pitfalls

+ Always Trend:
— Absolute values often result in early change-outs, trend to
determine an oil change approximately 3 months before achieving

a zero minute result.
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RULER®

+ Application:
— Used in turbine applications to measure remaining antioxidant level
(Remaining Useful Life Evaluation Routine) - hindered phenols and
aromatic amines.

+ Principle:

— Sample is mixed with an electrolytic test solution, the instrument
applies a voltage, the antioxidants will become chemically excited
and create an oxidation current. Oxidation current is plotted against
voltage, creating a voltammogram, which is compared to reference
oil.
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RULER®

+ Limitation:
— Single result does not necessarily indicate imminent concern.

+ Interferences:
— None

+ Accuracy And Precision:
— Repeatability: <0.7779 (x+2)°5%.

— Reproducibility: <1.830(x+2)°5%. N
5 / ]
i // L
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RULER® - Pitfalls

+ Riding A See-Saw:

— A high result simply means the fluid still has active antioxidants and
the system may still be relatively clean, but a low result only means
there is little antioxidant left, but not necessarily that any problems
exist.

+ Correlation:
— RULER® does not correlate with AN, Viscosity or RPVOT.

i
FLUID & LIFE  couontonas | srantroRo, o | MMNEAPOLIS, MN | IRVIG,TX  Tovuraee 8770622800 s o con
TovipuENT sECmLTY sERvIGE:

414

138



X-Ray Fluorescence (XRF)

+ Application:
— Samples from components likely to generate large debris not seen
by ICP in oil samples, or analysis of debris only samples (i.e. filter
patches, spinner material).

+ Principle:
— Abeam of X-rays excites a sample, which causes elements within
the sample to emit distinctive radiation back to a detector.
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XRF

+ Limitations:
— Spinner Debris / Filter Patch.

= No detection of some additives/contaminants (Na, B, P, K, Be, Cd, S,
).

— Oil Samples:
« Be, Na, B not detected.
— See particles above 5 micron that ICP can't.

+ Interferences:
— No significant interferences.
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XRF

+ Accuracy And Precision:
— Spinner Debris / Filter Patch: Semi-Quantitative.
— Oil Samples: Quantitative.

* Rules Of Thumb:
— Spinner Debris: Routine testing to trend.
— Filter Patch: Trigger test from unacceptable or severe ISO or OPC.

— Oil Sample: Trigger test from unacceptable or severe ISO or OPC,
or routine on high value equipment.

- Pitfalls:

— High particulate (>5 pm) may not correlate against spectrometric
results (0-5 pm).
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Filter Analysis

+ Application:
— Data bank of the wear and contamination history.

» Principle:

— Aportion of filter is back-flushed, the solution is filtered onto a patch
and analyzed qualitatively under a microscope.

Vacuum filtration device:
<« il sample

< Test membrane.

T + Test membrane, 12 pm.
)
L

< Filtrate

A Microscopic image, 100 x

5/6/2022
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Filter Analysis

+ Limitation:

— Only analyzes particles down to pore size of filter, oil itself will need
to be analyzed to see everything.

+ Interferences:
— No significant interferences.

+ Accuracy And Precision:

— Reasonably good at identifying what is present, but due to its
subjective nature, quantification may vary.
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Filter Analysis

* Rules Of Thumb:

— Look at every filter when changing, test those that seem abnormal.
— Cut open filter and backflush. Then look at particles using XRF.

- Pitfalls:

— Debris accumulates over life of filter, significant results do not
necessarily mean occurrence was recent or excessive.
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Filter Analysis Example
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Total Magnetic Iron

« Application:

— Samples from components likely to generate large debris; gearbox,
final drive or transmission.

« Principle:
— Magnets are used to quantify ferrous particulate, in ppm.

« Limitations: ‘ ProwpuTER
— Does not measure non-ferrous metals. Fux JaTRIX OF

FERFOUAGNETIC
FiBERS.

— Does not identify type of metal found. \
N [ s
\
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Total Magnetic Iron

+ Interferences:
— No significant interferences.

» Accuracy And Precision:
— Gains accuracy with increasing results.

* Rules Of Thumb:
— Use increasing trend to trigger Ferrography.

+ Pitfalls:
— Failure to use test as screening tool to reduce frequency of
analytical ferrography, also included in ferrography.
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Analytical Ferrography

» Application:
— Any sample as a diagnostic and forensic tool.

« Principle:
— Aslide is produced with the aid of magnets to separate wear debris
and arrange according to size. A microscope is used to identify
type and generating wear mode.

LT TEITITTTAD) (===
i)

Near Exitare  Magnetic Debris Barrier
Submicroscopic  Deposit Randomly
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Analytical Ferrography

+ Slides are heat treated to oxidize material and change its color
for identification purposes.

+ Referred to as a bichromatic microscope because it can use top
and bottom light to look at the material on the slide.
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Analytical Ferrography
+ Limitation:
— Interpretation is based on skill and experience of analyst.

+ Interferences:
— No significant interferences.

« Accuracy And Precision:
— Excellent at identifying what is present, but quantification is subjective.

* Rules Of Thumb:
— Do not limit this test to post-failure analysis only, useful for trending.

+ Pitfalls:
— One test on its own does not always give a clear picture.
— Analyst selects rating of sample on a scale of 1 - 10.
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Analytical Ferrography Example
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Ferrography - Adhesive Wear
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Ferrography - Cutting Wear

Low Alloy Steel Copper Alloy

High Alloy Steel

A
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Ferrography - Bearing Metal Wear

Low Alloy Steel

Steel Prior to Heat Treatment Lead/Tin Babbitt Metal

A
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Ferrography - Sand and Dirt

UNDER POLARIZED LIGHT
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Ferrography - Fibers

Without Polarized Light With Polarized Light
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Agenda

« Fundamentals of Lubricants

« Contamination Sources and Control Strategies
« Oil Sampling Basics

« Sample Registration

« Data Interpretation 3

- Overwe\./v of Data .Interﬂ%t{tEm/A A
— Categories of testing ~ /

— Establishing Limits
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Establishing Limits

+ OEM Limits

« Oil Company Limits

* Industry Limits

« Laboratory Limits

« Customer Goal-Specific Limits
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OEM Limits - Mobile Equipment

Most OEMs of mobile equipment (Caterpillar, Komatsu, Deere,
Hitachi, etc.) have proprietary oil analysis limits, but some
publish “typical” wear rates.

Obsolete Caterpillar “Suggested Safe Wear Levels”
ppm = parts per million

Diesel Engine Transmissions Hydraulics Final Drives/Differentials
Silicon 5-20 ppm 5-30 ppm 1-10 ppm 25-75 ppm
Iron 10-80 ppm 10-100 ppm 1-15 ppm 50-300 ppm
Chromium 2-10 ppm 1-4 ppm 1-3 ppm 2-6 ppm
Aluminum 415 ppm 6-10 ppm 1-10 ppm 30-100 ppm
Copper 10-30 ppm 20-250 ppm 1-20 ppm
Sodium 10-50 ppm 10-50 ppm
Lead 5-30 ppm
Tin 5-30 ppm

£
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OEM Limits - Mobile Equipment
+ Manufacturers use these limits to:

— Highlight necessary repairs.
— Deal with warranty claims.

+ Should be considered a starting point only.

If goal includes component life extension, system should be
maintained well under these levels.

fe Limit”

Hours on Component

5/6/2022
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OEM Limits - Hydraulics

+ OEMs publish “recommended” cleanliness levels.

Exceeding these limits may lead to much shorter component
life, however, this does not always indicate an immediate failure.

Always examine ISO particle count results with wear metal
analysis.
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Hydraulics Cleanliness Targets

Steps to setting the appropriate Fluid Cleanliness Level:

+ Step 1:

— Select the ISO Recommended Cleanliness Code from the OEM, or
other sources based on equipment and service.

— Example: 5000 psi system with variable piston pump, servo valve
and high speed journal bearing.
« Step 2:

— I the fluid is not 100% petroleum oil, adjust the code down one
level cleaner.
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Hydraulic Cleanliness Targets

Steps to setting the appropriate Fluid Cleanliness Level:

« Step 3:
— If any of the following conditions apply, set the target code one level
cleaner:
Frequent cold starts at < -18°C (0°F).
Intermittent operation with fluid temperatures > 70°C (158°F).
High vibration or high shock operation.
Critical dependence on the system as a part of a process operation.
Personal safety of employees that could be put
at risk by a system malfunction.
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PUMPS <2000PSI  2000-3000PSI  >3000PSI | ACTUATORS <2000PSI 2000 >3000
Fixed Gear 2018115 1911715 3000 Fsl
e Voo Py Yo Tarens || Syinders 20118115 | 20118115 | 20118115
Fixed Piston 19/17/15 18/16/14 1715013 || Vane Motors 2011815 | 19717714 | 18116113
Variable Vane 1816014 171513 Axial Piston Motors 191714 | 18116113 | 1711512
Variable Piston 18/16/14 1711513 16/14/12_|| Gear Motors 2111917 | 20118115 | 19/17/14
VALVES SO | Radial Piston Motors 20118114 | 19117113 | 18116113
Directional (Solenoid) 20118115 19/17/14_|[ Cam Wave Motors 18/16/14 | 17/15/13 | 16/14/12
Pressure Control (Modulating) 191714 [ERZZM | vorostatic | <aooopsi | 3000- || 4000 |
Flow Controls (Standard) 191714 RERIZLEN| TRANSMISSIONS 4000 PSI PsI
Valves) BEARINGS
Check Valves 2011815 20181510 gearing systems pr—
Servo Valves 16/14/11 15/13/10 -

Roller Bearing Systems 16114112
Cartridge Valves 18/16/13 1711512

Journal Bearings (High 1715113
HRC, 18/16/13 17115/12_|| Speed)
Proportional Pressure Controls 16/14/12 161311 |[oumal Bearings (Low 181614
Flow Controls. 1711513 17/15/13 || Speed)
Proportional Cartridge Valves 1711512 16/14/11 || General Industrial Gearboxes | 17/15/13

FLUID & LIFE
] EDMONTON, AB | BRANTFORD, ON | MINNEAPOLIS, MN | IRVING, TX  TOLLFREE:877.962.2400 wwwi e com
fouPENT AELARILITY sEavIGES 3
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Viscosity Condemning Limits

+  SAE 40 in a Four-Stroke Diesel Engine

MAXII 100 °C
FACTURER VISCOSITY MINIMUM 100 °C VISCOSITY

Detroit Diesel >25 cSt <12.5 cSt
Imperial Oil +25% from new -20% from new
Caterpillar +3 ¢St from new -3 cSt from new
Fluid Life' 216.3 cSt <12.5 cSt

Fluid Life follows the SAE J300 grading system for viscosity flagging
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Water Condemning Limits

+ According to Detroit Diesel, water content as low as 500 ppm
(0.05%) can seriously affect the oil’s filterability and additive
function:

— Condemn at 3000 ppm (0.3%).

» According to Caterpillar water occurs as a natural consequence
of combustion and can reach the point of emulsibility:
— Condemn at 5000 ppm (0.5%).
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Oil Company Limits

+ Limits established for the physical and chemical properties of the oil.

+ Used to identify products (MSDS sheets).

+ Additive levels change constantly as oil chemistry changes.

+ These limits are used to identify mixtures of oils,
incorrect oil, etc.
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Laboratory Limits

* Most laboratories set their flagging limits using:
— Absolute Limits:
- Statistical Analysis.
« Knowledge of equipment.
+ User-specified limits.
— Rate-of-Wear Limits:
+ Wear Factor.
* % Increase.

LI FE " couonton, A8 | 5RANTFORD, ON | MINNEAPOLIS, N | RVING,TX  Tousraee 8729622400 warfidifocon o
n seavicer

149



Absolute Limits - Pros

+ Pros:
— Absolute limits are appealing to commercial labs.
— Computerized flagging speeds up:
« Data interpretation & sample turnaround.
« When limit is exceeded, action is required.

ISO Particle Count - Hydraulics

N

QOil Filtered

5/6/2022
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Absolute Limits - Cons

+ Consistent sampling location must be used.
+ Absolute limits will vary from point to point.

+ Inform the lab of where sample was taken for proper
interpretation. sy by ey
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Custom Alarm Limits

» Why do customers need to set their own custom flagging limits
for their specific equipment and operating conditions?

— The following table shows the recommended flagging limits for lead
(Pb) based on data from 5 different customers with the same
engine model.

« Alarm points are based on the 95%, 98% and 99% distribution curve of
their individual sample results.
+ Minimum of 500 sample results at each location.

WCusiomer | Reportable | Unacceptable  [NISEVEENN

#1 8 25 42
#2 9 14 26
#3 12 21 37
#4 14 22 61
#5 18 29 40
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Rate of Change Limits

« As oil is left in service, wear particles will increase steadily.

+ However, the rate at which particles are generated is much
more important to detecting failure modes.

+ Wear rate is calculated by examining the slope of the graph

(rise/run).
Rates of Wear Progression of Wear
300
250 250
200 200
5 150 150
2 100 ! 100
50 50
o o
© so0 1000 1500 2000 e ————
Hours on Oil Hours on the Oil
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What is the right answer?

« Certain failure modes can be missed by relying on absolute limits
alone.

+ Incorrect assumptions are often made when using
rate-of-change limits.

+ Should combine:

Statistically derived alarm limits, customer specific if possible.

— Rate-of-change limits, make and model specific, even customer
specific if possible.

— OEM limits, when available.

— Lube supplier limits, when available.
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VISIT:
WWW.FLUIDLIFE.COM
CONTACT US:
877.962.2400
f:
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