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OIL ANALYSIS IMPLEMENTATION STEPS

Most often, users associate an oil analysis program with a systematic early alert to oil or machine
failure, i.e., damage control. While these benefits are helpful and frequently achieved, they should
be regarded as low on the scale of importance compared to the more rewarding objective of failure
avoidance.

Whenever a proactive maintenance strategy is applied, three steps are necessary to insure that
its benefits are achieved. Since proactive maintenance, by definition, involves continuous monitoring
and controlling of machine failure root causes, the first step is simply to set a target, or standard,
associated with each root cause. >

In oil analysis, root causes of greatest importance relate to fluid ceummmﬁm (particles,
moisture, heat, coolant, etc.) and additive degradation. However, the process of defining preci:
and challenging targets (e.g., high cleanliness) is only the first step. Control of the fluid’s ditions
within these targets must then be achieved and sustained. 'Hlis is themﬁ slepmﬁm includes
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OIL SAMPLING METHODS

Optimal performance in oil sampling depends directly on succeeding in the following three areas:

1. SELECTING OPTIMUM SAMPLING POINT

In circulating oil systems such as shown in Figures 1 and 2, the best location is a live zone of the
system upstream of filters where particles from ingression and wear debris are the most concen-
trated. Usually, this means sampling on fluid return or drain lines. In some cases where oil drains
back to sumps without being directed through a line (e.g., a diesel engine), the pressure line
downstream of the pump (before filter) must be used. Always avoid sampling from dead zones
such as static tanks and reservoirs. Splash, slinger ring, and flood-lubricated components are best
sampled from drain plugs after considerable flushing or preferably, using a portable circulating off-
line sampler.

> Sample here

Motors, valves
cylinders, actuators

> >

(‘ | Pump Filter
I

+—

12 Reservoir

>

draulic system fluid sampling on return lines upstream of filters for routine analysis.

oint ;is prapcrly selaeted and :validated, a sample must be extracted without
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Reduction Gears

Journal
Bearing ™

Thrust
Bearing 1‘

= Primary sompling point
AL for rending

8, Secondary sampling point
() for diagnosfics

FIGURE 2 Primary sampling location for large circulating systems is on main return line, with secondary
points for trouble-shooting on individual drain lines from bearings and gearing. A probe-on vacuum sampler

will be required with insufficient drain pressure.

Probe-on slyle valve

Bofle cap is Turbulent fuid line
never remo (retumn line) }
—— Fill line —
h
4
]
FIGURE 3 Elbow sampling locations insure turbulent conditions to provide representative contaminant !
concentration.
3. MINIMIZING DATA CONTAMINATION
SmcemimWobjmﬁwmoﬂwﬂyﬁshmemﬁmmddlm@mmmk
care must be taken to avoid inati |

“cammmstbemmmlmu”mntmosphmcoomminmis
‘anowedweonmmmeoilmnvmnmhmw-&mm , #
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ANSI B93.44 - 1978 T

Suction o
H ‘\| tube
mEm
Fixed

distance
« ®

Vacuum-style 3
sampler Fill line j\
Tank—» gl
Flush
assembly
and PR S e S S
tube Place clean plastic film %
first over bottle opening before Bottom Sediment
threading into cavity & Water

FIGURE 4 Drop-tube static sampling can be used with many noncirculating systems.

Three levels of bottle cleanliness are identified by bottle suppliers: clean (fewer than 100
particles >10 pm/ml), superclean (fewer than 10), and ultraclean (few than 1). The nomograph of
Figure 5 helps to simplify the selection of bottle cleanliness for each fluid system. The “expected
fluid cleanliness” often is just the machine’s target cleanliness level. The “acceptable variation” is
best if less than 20%, which equates to a 5:1 signal-to-noise ratio.

“Sehedhled samphng mtervals are common in oil analysis. The frequency may be keyed to dram

’E@xf more camptehensive labaratory analysis.

il analysis programs include a combination of on-site and laboratory

: ure 6 is very useful in defining the oil analysis requirements

ons Machines with high mission criticality are those that can

7 t of failure. Fluid environment severity (FES) rates the

stress on the h&ltblcﬂndlmn of the lubnnant. If a user is trying to
oilin a hot, humid, and dusty i e ito
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EXPECTED FLUID CLEANLINESS, n > 10 pm/mL
E; L] s o ca:’ n —O: 8‘ a
L 1 11l 1 11l 1 7?“177?;;’_!
(@)
om
22 o BE AEC 8
A > 2 >m 2 8s
z> Z3 z a3V
w g >
» l% =S
mE
I | 1 13
o o = <3
Ee
=<
m
INSIGNIFICANT €———» S"E';SSSE;;.-‘”‘"‘; SIGNIFICANT
WL IR =1 T T T 11 |
p n -~ nmo n a2 oo N > -“,-i- a;ﬂg [
& = o e S il
ACCEPTABLE VARIATION FROM TRUE CLEANLINESS, % j‘

FIGURE 5 Bottle cleanliness selection nomograph.

TABLE 1 | -
Recommended Oil Sampling

Frequencies

Diesel engi
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Particles, Moisture, Heut[LArmly . s-nm-lnl? o.luw fi-mmhly 1 Moathly ; : :
Viscosily | Never Annually Semi-onnually Quarledy Bi-monthly Monthly Weeky |
: Na: 1Mmly : Scnfﬂwuﬂy : w«i}, : Bi lhlyl 1Monihly :
Eulak Ay Onﬁm o..é:"{aa;m Qt:oﬂgitm m;“m ong‘&lsm On-condition
1] i 1 ! ] ] Il I Il I £
Wear Debris Analysis [ «— On-condifion or Exceplion Only |

FIGURE 6 Decision tree for defining oil analysis requirements.
FLuiD CONTAMINATION ANALYSIS

Despite the use of filters and separators, contaminants are the most common destroyers of machine
urfaces that ultimately lead to failure and downtime. For most machines, solid contamination is
the number one cause of wear related failure. Likewise, particles, moisture, and other contaminants
are the principal root cause of addiﬁVe- and base stock failure of lubricants. It is important to perform
basic @*Sts such as pmde c 5 mxstm‘e analysis, glycol testing, and fuel dilution as directed

wa

_contamination analysis, wear debris analysis relates specifically to the
to m&ten’doncy of machmc surfaces to shed increasing numbers of
WE: shape, and concentration of these particles
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Root B Heat Detect Root Causes By Moniforing:
Causes B Air B Parficle Counts
7] S\Ohd (éonlo';n;nonfs : 5;70% Parhf:’es
B Met b Tempero re
¢ | Wz::r S P W Moisture Levels
! R W Elemental Analysis
0 * |ron
A+ Copper
C
|
Additives S ‘é Defect Additive Depletion By Moniforing:
Are hoxdant W ZDDP Using FTIR
Sacrfced | m iy | | B D hoghaon, ophr i e
First B Alkalinity Reserve X TN
Lubricant g7 Deredanede:DamageByMonﬂoring:
Base-Stock | m Varnishes T s e
; A Ll o
Fails Next : CF;??EMM - &'f"
(5 S : B IR b Osidaon |
D .
l :
5 i
| 1 L - : e '
Machine v Delect Impending Machine Failure By Monitoring: .
and E N Particle Count
MGChiﬂe § Fm‘hﬁd:tw M w
Surfaces l mm"ﬂwm
Fail Last

——— T ——

FIGURE 7 Tracing failure progression to oil breakdown and surface distress. ]

Tracing a failure to its roots leads to efft
shows the failure progression leading to oil oxidation
analysis can be nsedto mqmﬁn‘
to randam root cause Co.
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the most common oil analysis tests for various types of machines and whether they are scheduled
on-site or in the laboratory.

Table 4 gives typical targets and limits in oil analysis. For optimum results, these limits should I
be influenced by the machine, its application, and the goals of the user. Where possible, targets ,
and limits should be quantifiable and directed towards producing a specific benefit, such as
machine/lubricant life extension. Rate-of-change of certain tests values, such as elemental spec-
troscopy, is an important indicator of condition.

TABLE 3 )
Oil Analysis Tests to be Performed by Machine Application . {
Equipment Type |
Large Rolling 7 L
Air/Gas Diesel Hydraulic LargeGear  Element Industrial
Test Compressors  Engines Systems Boxes Bearings Turbines
Particle count S, S S S S S,
Ferrous particle count E, S E, E E, E
Analytical ferrography By E, E. E, E, E,
Spectrometric analysis S S E; E, S S | '
FTIR S S S :
TAN S S S S S
TBN S '
Viscosity S S S S S S
Moisture St S S S S Sy .

Note: S, Routinely scheduled analysis performed by a commercial or in-house lab; S;, routinely scheduled analysis

performed in-house at fairly high frequencies; E,, test performed on exception basis triggered by out-of-limit particle
counts; and E,, tests performed on exception basis by either a commercial or in-house lab, triggered by out-of-limit

ferrous particle counts.

INTERPRETING TEST RESULTS

Most machines are highly complex, consisting of exotic metallurgy

numerous frictional and sealing surfaces usually employ :
sharing a common lubricant. A failure to gain knowle
as a reference base for use in interpre
in iIsponse to oil analy sis results. A




884 Tribology Data Handbook

TABLE 4
Suggested Targets and Limits in Oil Analysis
Upper Lower Rate of
Limit Limit Change
Fluid Properties
Viscosity +10% -10%
TAN (mineral base) +1 Acid no.
TBN —50%
Oxidation Products (e.g., FTIR)  Test dependent Test dependent Yes
Elemental Application dependent  —25% Yes
FTIR Test dependent Test dependent Yes
Flash point 20°-30°C drop
RBOT/TOST —20% Yes
Contaminants
‘ Particles CLI¥LEM® Yes
‘Water LEMP Yes
Glycol (coolant) Test dependent
Fuel-m 3%
,‘ Test dependent Yes
Application dependent Yes
Visual only Yes
ant life index (see Reference 3).
sion method (see Reference 3).

fication and location.

.aﬁon can be made.
ration and thennogm-
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TABLE 5
Oil Analysis Data Interpretation and Problem Identification

Problem Area Analytical Indications* Inspection/Sensory Inc

Wrong lubricant Change in viscosity, VI, flash point, Change in oil gauge or bearing temperature

additive elements, FTIR® spectra, Bearing distress or noise
TAN©/TBN@ Hard turning of shaft
Change in wear patterns
Antioxidant depletion Decreasing TAN®, RBOT oxidation life,  Oil darkening

and Zn/P content Pungent odor
Increasing viscosity, TAN®, particle Hot running
count

FTIR: decreasing antioxidant, increasing
oxidation, sulfation, and/or nitration
Dispersancy failure FTIR™, low TBN@
Increasing particle count, pentane
insolubles
Defined inner spot on blotter test
Base oil deterioration Increasing viscosity, TAN®), particle
count, and/or ferrous particles
Decreasing TBNW
Change in VI and increasing dielectric
constant
Water contamination Increasing viscosity, TAN®, Ca, Mg,
and/or Na
Rapid additive depletion/failure :
Crackle test, VISA®, KF, FTIR™
Increased dielectric constant

Coolant contamination
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TABLE 5 (CONTINUED)

Oil Analysis Data Interpretation and Problem Identification

Problem Area Analytical Indications®

Increased TAN®), particle count,
spectrographic iron and bearing metals,
water

Decrease in TBN'

Ferrogram shows submicron debris at
ferrogram tail, rust particles, metal
oxides

Increasing silicon/aluminum, particle
count, ferrous particles, and/or
elemental iron

Ferrograms show green-looking particles,
cutting wear, filter fibers

erheating Increasing ferrous particles, particle
| count, flash point, viscosity, or oil

" specific gravity

Ferrograms show friction polymers,

mai‘!es, bluing/tempering of particles,

- . | e sliding wear particles, bearing particles,

g L ~ eg., babbitt

' o ns densely loaded with black-

5 ‘-ﬁwmﬂmdﬂrkmslallo oxides, severe

r cutting and sliding wear, tempered

. ',sﬁles, Iargo. chunky particles, or

Corrosive wear
conditions

Failed filter

Inspection/Sensory Indications'

Fretting, pitting, and etching on contact
surfaces

Transient electric currents, high engine
blowby

Rust on patch or filter media

Valve silt lock, noisy bearings

Unchanging or high delta P of filter

Frequent bearing failures, high levels of
bottom sediment

Bearing distress/failure

Hot spots and high bearing metal temp.
Evidence of coking/sludge

Burnt/rancid odor, high oil gauge temp.

Engine lugging/stalling, black exhaust

Raised oil, bearing metal, or jacket-water
temperature

Dark, foul smelling oil, bearing
distress/failure, hard turning of shaft

Abnormal vibration, noise

Blotter test: coke, metal chips

Metal chips on filter, highly loaded chip
detectors

Shaft wobble, vibration, acoustic changes,
‘blue exhaust smoke, hot spots, hard turning
sﬁﬂﬁmﬁot high benﬁng metal tcmgcramms
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Sample ID.: 0068
Equipment Code: 2-01-001
Equipment Desc.: FORCED DRAFT FAN 2A

LARGE FANS & MOTORS
MOBILGEAR 630
534.0

Equipment Area:
Lubricant;
Hours on Qil:

Equipment Notes:
NEW OIL BASE SIGNATURE AND TARGETS:

VISC 220 CST TAN 1.1 MG KOH/GM
TARGET ISO <14/11 TARGET H20 <500 PPM
ADDITIVES: Ca 550, Zn 625, P 650

Analytical Ferrography - Bar Graph

Normal Wear |2 i

Severe Wear
Cutting Wear [
Sphericals
Red Oxides &2
Dark Oxides [
Non-Ferrous Metals 5
Silica/Dirt/Debris g
Fibres

Plastics/Ceramics
Friction Polymers

Carbon/Soot
Trace Low Mod High
dVA (at 40°C) - Trend
dVA: 285.00cst.
320.00
Crif
278.25 cﬁm—v Crit
cst. Caut ut
236.50 | s e = s ‘—/C‘ajﬂ.._. Caul
.4/" e
194.75 Caut
Crit
153.00
31-JAN-95 26-JUL-85

887

CRITICAL

Sampled: 21-JUL-85, 05:47pm
Issued:  17-JAN-98
Reported: 16-JUL-86

Sample Comments:
dCA ISO Code is 18/15. This is in lhe CRITICAL RANGE

The dVA reading (285.00cst.) at 40 deg. Celsius is above or
borders the range (200.00 to 240.00) cSt.
dMA reading (0.009%) s in the NORMAL range.
Analytical ferrography reveals:
A high level of Severe Wear.
Speclrographic analysis reveals:
A CRITICAL level of iron. A CAUTION level of Zinc.
A CRITICAL |evel of Phosphorus.

Photographic Image
Image No.: 0068-01 Remarks:
Magnification: 500x HEAVY SURFACE FATIQUE
Position: ENTRY PT. PARTICLES, PLATELETS,
Size (pm): 510200 SOME CUTTING WEAR, SOME
Density: HEAVY RED IRON OXIDES.
it

dCAJ/fCA - Bar Graph

SO Code: 18/15 CAJICA - Ti
100 1K 10K 100K 10M. dCA =570, [CA = 449(78.9%)
A2 62800 :
>10pm = 569 i' | !
1 — ., E_\____ -
>15um = 218 l 471.00 i
R | M T
>wpmn” l |
>50pm =5 i O AamE— A — J‘ i
\
>75um =1 , SRR e PR
4[ 000 i |
>100pm =0 1

FIGURE 8 Oil analysis report.
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