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_have been

" Xnow how clean their fluid should be.

ABSTRACT

For years hydraulic equipment users
asking. "Hocw clean should mny
fiuid be?" Straight and well conceived
answers to this guestion have not been
availabile. This paper intrcoduces the
Contaminant Life Index as the definitive
answver, The use and ratiocnale of the
Contaminant Life Index is explained.

INTRODUCTION

Users of hydraullc equipment need to

~ The
information and procedure for determlnlng

. this has not been readily available in the .
" past,

This has been largely due to the
many factors that impinge on the decision.

- This paper introduces a new system called

(figure 1)
_ whlch deéals with this question head on.

the Contaminant Life Index

‘The Contaminant Life Index addresses
each of the many issues invelved in
determining’ requ1red system . cleanliness.
These factors are presented in a simple,
easy to follow format. The CLI delineates
only the mest salient criteria with ‘the

objective "to &pan the numerous divérse
types of hydraulic equipment in use. :
These -eriteria make ~ up = the

Contaminant Life Index:

1. Pump -Contaminant. Sensitivity
2. Operating Pressure
3. Duty Cycle Severlty
4, ‘Fluid Type
5. Number of Serveo Valves in Use
6. Presence of Water
7. Contaminant Abrasivity
.'8. Maximum System Flow Rate
9. Cost of Downtinme
10. Safety Risk Upon Failure

WHY. IS THE CLI NEEDED?

cleerly a
between . the

There ‘is

direct
relationship

contaminant

;level of a hydraulic fluid and the mean

service life of the system.

Some factors
1ncrease a system's

‘wéar to the U.8.

contanination control .

sensitivity = to |

pressure, presence of
serve valves, design
Other facters influence
associated - with hydraulic
The Index tabulates the criti-

contamination (e.g.,
water, use of
factors, etc.}.

the penalty
failure.

cal data affecting the system to arrive at

a’ singular gquantitative contaminant level
value., This value, ‘called the CLI rating,

- 1s used to interpret the reguired cleanli-
"ness level in terms of standard cleanli-

ness classifications,

e.g.,
counts or the ISO Code. .

particles - .

However, the real "why" for using the
Contaminant Life Index stems from the in-
creased denands and expectations. we place
on machinery. Some are purely economical.
Consider these facts.

1. -The Government says the cost of
ecoriomy exceeds one per-
cent of the Gross National Product.

z. The Mititary says the cost of

‘contamination exceeds 60 percent of fuel

costs on select mariné and aviatien eguip-:
ment..

3. In Industry, the cost of downtime
exceeds $15,000 per minute on select ma-
chinery’ and processes.

4, = NaASa says a4 single ten microh

ftramp particle can shut down flight con- -

trol systems. Space shuttles have been
delayed on the 1aunch1ng pad three times
due to contamination.

of the need for
comes Ssimultaneous
with the  demand from many designers and -

Greater awareness

users for.

1. Increased  System - and Component
Life -- greater reliability (reduced down-
time), longer service intervals, longer
£luid life. )

2. Increased Performance --
loads, higher speeds,
and higher temperatures,

higher
higher pressures,

in-

3. Improved Cost Efficiency --
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[ CONTAMINANT LIFEINDEX (CLl) "™~ [** P

For Determining Required Cleanliness Levels of Hydrauhc Systems o )

A. Pump Contaminant Sensitivity: _ ‘ . : i Score
Sensitivity Unity Insensitive |- Mild Average : High 7 Highest Totals
Omega Rating 1-1.02 C 1024104 f 1.04-1.16 1166 . 660 - >60
Score 3 : 10 - 175 350 450 A.

8. Operating Pressure {under load): Score = Score Factor x Part A Score .

Pressurg i 5008 2001- O s001- .| . sooo
it 0-500 501-1000 | 1001-2000 3000 000 5000 - 5000 o0
Score Factor 0.12 0.16 0.35 1 a 10 50 100 B.

€. Duty Cycle Severity: ’ L ' _ o

e ove MILD MEDIUM - FAOUGH o Severe

) - -109 ) above 10%)-. - -

130% operaling pressure) | - ) (.0) ‘_1 4%) (5-10%) : ¢ . _

Score . . 0 - 30 . . 65 100 - c...
D. Fiuid Type Score = Score factor x [100—ISO Viscosity Grade (100 max)]

: . " Mineral Othetr | Water | HighWater Water
Type ) F'hosphat_e Esters {Petraleum) Synthetics _ Glycols Based Fiuids Only
Scare Factor o °1 . .25 0.50 075 100 . | Score 150 D:
T ‘

E. Number Of Servo Yalves ln Use (Includmg Propomonal Contiof & Solenoid);

Number - -0 1:2 3-4 4-6 ) 7-8 R

Score b 40 .8 120 160 - 1 200 E.

F. Presence Of Water: Score = Score Factor x Part A Score .

Amount (%) 0-0.01% 0.01%-0:05% 0.05%-0.15% | 0.45%-1%, > 1% _
Score Factor ) 005 | . 015 - : 0.4 0.75 S R

G. Contaminant Abrasivity: - L o
- ' BN HIGH : MEDIUM S Low ;
Descriplion - o abrasive & metatlic panicles road dust : industrial :

Score ] 100 - 50 : 0 : G.
' © H. Maximum System Flow Rate: . o ‘ o
6 - Flow(GPM){- 0-10 14-20 21-30 3i-40 | 41.50° 51-60 B1-70 71-80 81-90 >80
Score 0 20 S 40 50 60 70 80 - 90 100 - |4,
1. Cost Of Downtime: -_ _ _ _ _ B
Cost (3) Par i ' ] [ 50:001- :
Hour Downtime | < 100 101-500 | 501-2000°| 20015000, | S5001-1C.000 10,001-50,000 100,000 ‘{ > 100,000 |-
Score’ ) 2 25 50 ] -5 100 ~125 -1 150 200 =
oR '
Costot 5001 | 10001 | 25001- | 50.001. .| 100,001 |.206,001- | 500,001
Equipment ($) < 5,000 10,000 25,000 50,060 100,000 200,000 . | 500,000 | 1,000,000 | > 1,000,000
Score : 0 . .25 - 50 - 75 100 125 150 175 200
% : J. ‘Safety Risk Upon Failure: 7 '
Amount None Low ' K Medwum * .- High
Score . 0 _ 150 . - 300 ' 400 ‘ I
- L L . Add Scores-A-J To Obtain _
Fotal .. ..., o, teeaa e e ras e “Contaminant Lifelndex”
CLI Translations: ' (1000 Maximum Value) '
 Gravimetrics Particles Per R S
CLI - MGILT ' Millititre . IS0 B . NAS Disavowed
_ Value _ {(AC Fine Test Dust) _ > 10 Microns Code 1638 = . - “SAE" Level
0-100 30 4350 2118 ' 12 1 9
101-209 15 : g 2175 2007 i 1 8
201300 | 75 - 1F~""F 1008 e - 10 7
301-400 3.75 e 544 _18/15 . 8 6
401-50C 188 - |7 igyp 1714 K 5
501-600 ] 0.94 Y iy 136 : 1613 7 4
601-700 - 0.47 A C 1512 6 3
701-800 - 0.23 Q,M,, 34 ] 14411 5 2
801900 . 0.12 ! 17 i ©13ne 4 :
901-1000 0.06 a 12/9 2 6 e
Copynghl ©1985 by Dnagnetlcs Inc. FIGURE







ereased energy efficiency, reduced weight

-and size, . decreased operating costs,

greater productivity.

Truly, it is easy 'to acceépt the ra-

.tionale that greater contamination control

increases ' reliability of hydraulic sys-

. tems. The cause-and-effect -relationship

‘between system life -and fluid cleanliness
levels is very well documented through
both basic research and empirical analysis
in the field.. In - fact, both users -and
OEM's have significantly stepped up the
use and -quality of filtration on most
types of egquipment over the past decade.

CLEANLIN_ESS LEVEL CRITERIA
The Cost of maintaining contamination

control for a hydraulic system must not be
overlooked. Obviously the benefit derived

‘froem improved contamination control must-

exceed this cost many fold. A= a starting
point, the CLI establishes the contaminant
sensitivity of a system in ternms of its
design features, operating conditions, and

-application.  Since these conditions vary

widely from machine to machine, the cIT
system customizes ite assessment accord-
ingly. ’ : .

Next, the €LI considers fluid ang
contaminant related wvariables, Fluid
types and fluid viscosities are rated ac-
cording to. their - effect on contaminant

wear and failure. Additionally, the pres-'
-ence of water and the hardness and’ angu-

larity of selid contaninants are scored.

Finally, the cost of contaminant

‘failure is quantified in terms of compo-
nent ‘replacement costs, ‘downtime, and-

safety risks. The following is a delin-

‘eation of the individual categories, the

method of scoring, and rationale for use:

A, Pump Confaminant Senéitivity

The contaminant tolerance of a hy-~.

draulic pump . varies from design to design
and is a critical factor is ‘assessing re-
quired cléanliness levels of system f£flu-
ids. If a pump's contaminant tolerance is
known, the contaminant service life of the

pump is relatively easy to predict at

‘known  contaminant levels. In order to

gain this information, a test procedure
for pumps was established called the Omega

" Rating (NFPR RS T3.9.18 =~ 1976). This
_widely recogrize standard rates g pump's

contaminant sensitivity according to its
performance under- dontrolled conditions

while subject to various levels of solid

contaminants.

Many pump'manufacturers publish their

 pump's Omega Ratings and can be found on

spec sheets or in service manuals. Not
all pump manufacturers - have conducted
these tests on their pumps and- therefore :
have not made contaminant sensitivity data
available to user .groups. Nevertheless,
some inferences relative to a pump contam—
inant sensitivity is necessary to predict

its service life.

If the Omega value iz available then
the score for this category of the CLI is.
straight forward. - However, for pumps hav-
ing no published Omega -Rating, the user .

.should make a judgment based on normal or

historical -service intervals. Pumps re-
quiring regular service or repair should
be rated as high .or highest depending . on

" the freguency of failure. Further, pumps

reaching normal or expected service inter-
vals should be rated as average. Pumps
experiencing longer than expected services
lives should be rated as wild or insensi-
tive, '

Generally, vane pumps are more sensi-
tive than piston pumps which are more sen-
sitive than gear pumps. - However, the ex~

" perience of the user with the particular

pump is’ a much more reliable. .Once the
sCore is determined it is regis}ered in

.the right colunn.

]

B. Operating Pressure

‘Contaminant sensitivity of most all

- hydraulic components vary relative to the

operating pressure of the system. Valves
are more subject to silting and stiction.
Actuators, motors, -and cylinders loose ef-

‘ficiency and response relative. to operat-

ing pressure and contaminant level.. How-
ever, the pump clearly appears to be the

‘most sensitive to pressure and is there-

fore weighted heavily by this category.

According to Omega tests on numerous
pumps, the relationship between punmp con-
taminant sensitivity, Ppressure, and con-
taminant level of Figure 2 (nomograph} was
established. By Jjuxtaposing CLI values
next -to the contaminant level scale an eg-
timation technique was set up for scoring
this category., Essentially, the objective
was' to achieve a combined score between
pump sensitivity (&) and operating pres-
sure (B)  egual to- their cumulative effect,
This combined score approximates the em-
pirical date represented by the nomo-
graph. Note, although not originally in-
tended, this category also considers the
high component replacement costs asscci-
ated with higher pressure systems by scal-
ing the score in this manner.

To score this category, the operating
pressure of ‘the system under ‘l¢ad is
noted. This is the typical pressure expe-.
rienced by the system during normal work
cycles and can -be estimated by observing
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bressure gauges on equipment instroment
panels. The Score Factor under the corre-
sponding pressure range is multiplied by
the score of -part A to obtain the part B
score.
right column.

C. Duty Cycle Severity

In most field applications, the out-
put pressure of a pump varies with its
work cycle. Depending on the severity of
this duty cycle, ‘a pump experiences vary-
ing’ pressures. and collects .a. certain
amount. of exposure time at these " pres~
sures.. $Since, as we have sald, pressure
directly effects the contaminant sensitiv-
ity of the system, information regarding

' duty cycle severity is necessary. . There-

fore, this category uses duty cycle to es-
timate the upward variance of pressure.
Examples of pressure duty cycle effects is

-~ illustrated in field data cbtain en a-
~ backhoe, front . end 1oader, and dozer

(Figure 3),

For‘simplicity, the CLI presents duty

cycle as the percent time above 130% of.

operating pressure.. Ideally, this infor-
mation should be obtained from pressure
gauges observed during peak work cycles,

Equipment subject to rigorous performance.

requirements in the field (pump, motors,

‘etc. are strained to operating limits),
generally have higher duty cycle severity.
_Wheri no -information is available, this

category should ke score as "medium".

Similarly, it is recorded in the .
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D. Fluid Type _ _ .
A fluid's performance  affects the

system's contaminant sensitivity.  Both
viscosity and lubricity are involved.

- Tribological studies have shown that oils

exhibit two basic forms of . lubrication =--
both of which appear to affect the rate of

. contaminant wear.

The first form, boundary layer lubri-
cation, reaférs to the thin film which sep-
arates the asperities of sliding surfaces.
These - thin . films are also effective in-
minimizing contaminant wear by producing a
high lubricity coating on beth the parti-
cle and the. surface. Anti-wear and ex-
treme-pressure additives play a ‘key .role
in boundary layer lubrication.. :

The second form, hydrodynamic lubri-
cation, produces a thick lubricating film
between surface asperities. The viscosity
of the oil, velocity of the moving sur-
face, and the load determine the critical
clearance produced (see figure 4). Since

- these clearances often exceed 20 microme-

ters in size, particles can gain easy en-
try to abrade critical surfaces. - However,
its the clearance "size particles that do

‘the greatest damage, i.e., those particles

just smaller than the critical clearance.

In most hydraulic -systens, o@ef half

' of the particles found in the fluid  are :
Therefore, the-

three microns or less.

greater ‘the hydrodynamic film ‘the less
damage cause by -"clearance siza" parti-
cles.  This characteristic makes the vis-
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E. Presence pf Water

Most wear do to water contamination
is cause by the combined "synergistic" ef-
fects of water and particulate matter.
Figures 5 & € illustrate these effects at
various water concentration levels for
bearings and vane  pumps. Further, the
pump contaminant sensitivity also appears
‘te play a key role. THerefore the " Score’
Factor of this category (based on the wa-
ter contaminant level  6f the fluid) is
multiplied by the score of categoty one.
Generally, oil that .is hazy in color will
have between 0.05 - 0,15% water. 01l will
be milky or cloudy above 0.15% water.

T S S S Gt A em— ap—
S ——— —  — ow— — i———

"FRICTION COEFFICIENT

BOUNDARY p
. ( HYDRODYNAMIC

MIXED

VISCOSITY x YELOCITY ‘ - 103 VANE PUMP
LOAD | . : : . o

- | \ TESTS 28,500
STRIBECK CURVE AND LUBRICATION REGIMES 510 R

FIGURE 4

cosity of the oil important to the rate
-and extent of contaminant vear experience
. between critical surfaces. Meaning, .
: higher viscosity fluids produce less abra- - 10
@ : sive and fatigue wear. o _ :

1 ;

» L ' ! L1 1
This category scores fluids according - W
to their apparent lubricity and viscosity. 0 100 200 300 400 500
WATER, ppm

The score. factor under fluid type scales
the. lubricity effects of common fluids.
As these are general categories, some ex-
ceptions exist. The user should rate the
lubricity of his-o0il based on' the best in-
formation available as opposed to rigidly
conforming to the -indicated scale,. Fi-
nally, this score factor is multiplied by
100 minus the oil's ISO viscosity grade to
obtain the score for the category.

FIGURE 5

Effect of Water on
_Bearing Life

o
T

n
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R
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"E. Number of Servo Valves

, A common failure mode on  hydraulic
sysfems is jamming/stiction of - servo
valves (including solencid and propor-
tional control). This type of failure js
normally  caused by silt "size particles
that become wedged between spool and bore. o )
Obviously, the probability of failure from L L |
a .servo valve Increases relative to the 25 700 200"
" number of  valves in use. The score for . .

RELATIVE LIFE (L15.9)

o
i

FIGURE 6

this category is & function of this num- B WATER CONCENTRATION (PPM)
ber. R . ) . ’ : .
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nant Life Index.
_the versatlllty of the CLY 'system and the

G. Contaminant Abrasivity

Particle hardness and angularity ef-
fect the amount of abrasive wear they
cause.
(dust) 'in the immediate area of the ma-
chine is needed to score this ‘category.
Generally, rocad dust has low angularity
and therefore scores less ‘than dust from
gold mines, steel mllls, glass factorles,
ett. Light industrial appllcatlons in in-
door - air-conditioned environments . produce
partlcles of lowest abrasivity.

H. Maximpum System Flow Rate

Studles on pump contaminant ‘sengitiv-
ity relative to maximum flow rate have not

been conclusive. Nevertheless, systen
flow rate is a key cost factor and there-

fore must be considered. Generally, high

flow rate systems have more expensive com-

: penents, especially pumps, motors, valves

and cylinders. . Although this is strictly
an economig- consideration, it effects the
desirability of extended service intervals
as a function of component replacement

costs. This category is scored according
to the max1mum system flow rate. :

I. Cost of Downtime

Cost of downtlme is also a key eco-
nomic consideration. . On some systems and
equipment, = these costs are . phenomenally
high.  The penalty of failure due to down-
time costs should certainly effect the
cleanlinesg level decision, hence the in-
clusion  of this category. Elther known
hourly - downtime. costs or

SCore.

I, Sagety Risk Upon Failure

Safety should also effect the clean-
liness level decisien. If a system pre-
sents a safety risk upon failure, much

greater fluid cleanliness should be main--

tained. Although strictly  judgmental in

" many cases, this category should be score'

according teo risk level.

- EXAMPLE. HYDRAULIC 'SYSTEMS

. Requlred cleanllness levels ‘for four
typical hydraulic systems are presented. in
Figures 7, .8, 5, & 10 using the Contami-
‘The examples illustrate

ease at which 1t can be used. Further, it

will be difficult for any hydraulic engi-
neer to. argue the valldlty of the wvalues

The abrasivity -of the particles

“equipment of concern.
- CLI including the
‘categories aré inevitable.

- contributions.

approximate ..
eguipment costs are used to determlne the

obtalned con51der1ng the all the 1nd1v1d-
ual facts.

SUMMARY

The primary objective of the Contami-
nant Life Index 1is to present a slmple
"uger friendly" ‘technigue for assigning
approprlate requlred cleanliness levels to

“the fluids used in hydraulic systems. Al-.

though not perfect, the CLI offers a com~
prehensive and complete approach to this.
increasing important subject.

The CLI is intended to be flexible
and easily adapted the machine ‘' or
Improvements to the
addition of - new
As more - and
more cause-and-effect information is known
these inclusions should be made., Further,

‘the relative scofes. and weights given..to.

each category will. be refined in time to
improve . accuracy and usefulness .of “the
CLI. Users are encouraged to contact the
author to present such suggestions or:
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