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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main fask of technical committees is to prepare International Standards. Draft International Standafds
adopted the technical committees are circulated to the member bodies for voting. Publication’ as |an
Internatiorfal Standard requires approval by at least 75 % of the member bodies casting a vote.

In exceptipnal circumstances, when a technical committee has collected data of a different-kind from that
which is nprmally published as an International Standard (“state of the art”, for example), ittmay decide by a
simple majority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informative¢ in nature and does not have to be reviewed until the data it provides are gensidered to be no longer
valid or usgful.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISJ shall not be held responsible for identifying any or all such patent rights.

ISO/TR 19640 was prepared by Technical Committee ISO/TC 131, Fluid power systems, Subcommittee SG 6,
Contamingtion control.
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Introduction

Hydraulic systems transmit power by means of a pressurized liquid in a closed circuit. Foreign materials or
contaminants present in the fluid can circulate around the system, cause damage to the component surfaces,
and reduce the efficiency, reliability and useful life of the system. Hydraulic filters are provided to control the
number of particles circulating within the system to a level that is commensurate with the degree of sensitivity
of the components to the contaminant, and the reliability and durability objectives of the hydraulic system.

The selection and application of filters takes into account the filter design and performance, the system design
and function, the required cleanliness level (RCL), the severity of the system operation and the standard of
mgintenance. The only way to confirm whether the correct filter has been selected is to monitor the ¢leanliness
level in the fluid, and the reliability and durability of the system.

These guidelines are intended to introduce the concepts of cleanliness management and-filter selection and
application to both system designers and users. Although this guide cannot make @né an exp€rt on filter
selection and use, it does seek to educate and thereby assist the reader in making informed decisjons about
filtqation, and to improve the communication process.
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Hydraulic fluid power contamination control — General
principles and guidelines for selection and application
of hydraulic filters
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s Technical Report is applicable to contamination control principles for hydraulic fluid power, sy
udes guidelines for the selection and application of hydraulic filters. Although control ef.non-
ntamination, e.g. air, water and chemicals, is important, and is briefly discussed, the primary fo
chnical Report is the control of particulate contamination and the selection and application of filt
ction.

Normative references

b following referenced documents are indispensable for the application of this document.

prences, only the edition cited applies. For undated references, the latest edition of the referenced
cluding any amendments) applies.
D 5598, Fluid power systems and components — Vocabulary.
TE The other documents mentioned and referenced in this document in a non-normative way are
liography.

Terms and definitions

" the purposes of this document, the terms-and definitions given in ISO 5598 and the following a
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material or combination of materials (solid, liquid or gaseous) that can adversely affect the syst
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E Contamination introduced through ingression is referred to as ingressed contamination.
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filter media
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lective layers that make up a filter element

Types and sources of contamination

4.1 General

Contaminants in a hydraulic fluid are any material or combination of materials (solid, liquid or gaseous) that can
adversely affect the system.
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4.2 Solid contaminants

4.21 General

Solid contaminant particles come from four main sources as shown in Table 1 and can vary considerably in
material, hardness, shape and size from sub-micrometre to millimetres.

Contaminant shape varies widely and debris can appear as granular (cube-shaped), acicular (rod-shaped),
platelets (very thin, nearly two dimensional), irregular fragments and fibres. Shape affects the way that particles
are aligned in the moving fluid and thus the likelihood of the particles becoming lodged in a small clearance

or trappedrwithimthefitter mediomAtthoughquitemportant; particte stape s Tarety reported-because of the
difficulties|involved in its determination.
Table 1 — Primary sources of particulate contamination
Builttin Ingressed Generated .
. Maintenanc
(manufag¢turing . - .
debrjs) Process Atmosphere Surfaces Fluid (service debrik)
— burrs initial fluid fill ingestion mechanical re- — repairs
- - via reservoir wear entrainment .
— machirfing addition of — preventive
) . breather . ( :
swarf incorrect fluid corrosive filter maintenance
— weld spatter compressed ;negae]:tlon via wear desorption — new filter
. air or gas cavitation additive .
— abrasijes . o — new fluid
reservoir L precipitation
. . pulp . exfoliation .
— drill turhings opening sludge — dirty hose,
- pulverized hose 9 connector,
— filings rock dust ; .
coal mateftials insoluble components
- dust ore dust mill scale filter fibres oxides — top-up
— contanjinated quarry dust . carbonisation containers
compohents aggregates break-in
P foundry dust debris coke — incorrect fluld
cement
— dustfrgm slag particles elastomers aeration — cleaning rags
grindinp catalysts gp grag
. . dust from varnishes — dust from
— incomgatible clays : .
: welding and welding and
fluids S o
— process grinding grinding
— paint chips chemicals — dust from
atmosphere
and
workplace
4.2.2 Bu|lt-in contaminant
All new syptepisicontain some contaminant left during manufacture and assembly. This can consist of fibfes
(from rags} ets.), casting sand, pipe scale, cast iron or other metal particles, jointing material or loose pa[nt.
When a sysiem IS operated at an unusual load or I there are high pulsations In the flow, It IS NIKely that built-in

contaminant becomes dislodged.

4.2.3 Ingressed contaminant

Systems can also be contaminated during normal operation, through openings in the reservoir, inadequate air
breather filters, through worn seals in vacuum conditions and by intrusion through the fluid film on piston rods.
Worn seals increase the likelihood of ingression. These ingressed contaminants can be highly abrasive.

4.2.4 Generated contaminant

When a normal system has been run for a reasonable period of time, a quantity of solid contaminant can be
present in the form of small metallic platelets, created by the normal wear process. For correctly designed
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systems, which are provided with suitable filtration, the majority of these particles are smaller than 15 pm. If
a filter blockage indicator is ignored, previously retained contaminant can be dislodged from the filter element
(see 10.4.1). However, if abnormal wear occurs, both the size and quantity of particles increase and, if not
detected by monitoring, wear rates can accelerate and the wear mode can change from benign fatigue wear to
abrasive wear. With abrasive wear, substantial amounts of surface material can be removed.

4.2.5 Maintenance-induced contaminant

Contaminants can easily be introduced during routine system maintenance unless the maintenance is performed
in a clean environment, and precautions are taken to prevent contaminant from getting on serviced items. For

example, topping up the sy W ew Taidcan add contamina 0 g Tiaid ered upoh addition.

4.3 Liquid contaminants

After damage caused by solid particulate contamination, damage caused by the presence ofliquid contamination
is {he next highest cause of contamination-related problems. This damage is caused either direcfly through
cofrosion or indirectly through the interaction of the liquid contamination with the hydraulic fluid. [This either
reduces the fluid’'s effectiveness and thereby increases component wear ratés,-or reacts with it {o produce
inspluble products that can block filters, clearances, etc. Blockage under these circumstances is pften rapid
and unless it is detected and rectified, filtration ceases.

>

Water is the most common liquid contaminant in systems using mineralor synthetic fluids. Water cap enter the
sysgtem from the atmosphere, leaking coolers and condensation. Although most hydraulic fluids are formulated
to cause water to separate so that it can settle in the reservoirand be drawn off, it is essential thaf the water
content is maintained at levels well below the solubility or saturation level of the fluid used, at th¢ minimum
operating temperature.

Contamination by even small amounts of water in the*fluid significantly lowers the load-sustaining ¢apabilities
of the fluid. This deterioration of lubrication abilitylis of great importance to many components in hydraulic
systems. One example is that of rolling-element bearings, in which very high pressures are generate¢d. If water
is present in the hydraulic fluid, even in dissalved form, the viscosity increase required for the form offlubrication
required in the bearing might not be achieved, and wear can result.

4.4 Gaseous contaminants

Negrly all fluids contain some~dissolved gases. At atmospheric pressure, hydraulic fluids normglly contain
abput 8 % of their volume as djssolved air, which, at this pressure, causes no problem. Increasing the pressure
in {he hydraulic fluid causés-an increase in the amount of air that can be dissolved, and in low-pregsure parts
of the system, some of-this dissolved air can be liberated in the form of bubbles, a situation frequgntly found
doyvnstream of pressure relief valves.

The presence.of(air bubbles in a system almost always causes erratic operation of the system, aks it affects
thdg stiffness/(bulk modulus) of the fluid and thereby system response. Air bubbles in an inlet (suctign) line of a
pump reduce the volumetric efficiency and cause damage to most kinds of pumps through cavitatign. Another
effect,often seen in high performance systems is the sudden compression of the fluid in the high pressure
se¢tion of the pump, which causes the air bubbles to implode, and causing the vapour to ignite mpmentarily.
Thevery high temperatures generated cause thermal stress on the 1luid, leading 1o oxidation and hitration. A
similar condition can exist downstream of metering valves; the process is known as “dieseling” and leads to
the formation of gums, varnishes and even microscopic “coke” particles. These in turn can lead to lacquering
of valves and plugging of filters.

5 Effects of particulate contamination and the benefits of its removal

5.1 General

It has been demonstrated that, in the majority of hydraulic systems, the presence of solid contaminant particles
is the main cause of failure and reduced reliability. The sensitivity of components to these particles depends
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on the internal working clearances in these components, the system pressure levels and the quantity, size and
hardness of the contaminants.

5.2 Failures caused by particulate contamination

Failures arising from contamination fall into three main categories:

a)

b)

c)

5.3 Benlefits of filtration to reduce solid particulate contamination

The objec
maintain a
into the sy
a) exten
syster
b) enhan
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contri
d) safetyl
Conta
are gr
e) exten
can e
prese
copp€
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6.1

sudden or catastrophic failure, which occurs when a few large particles or a very large number of small
particles enter a component and cause seizure of moving parts (e.g. pumping elements or valve spools);

intermittent-ortransientfail He, whichis caused hy contamination mr\mnnfqrily infnrfnring with-the funct

on

of a component. The particle(s) can be washed away during the next cycle of operation. For example,

partic
spool
clear

degra

impi
degra

The rlwain causes are abrasive wear inside a component and erosion caused eithér_by cavitation or
n

juring the next operation; and

Hation failure, which generally happens over time and shows up as a gradual loss-of performan

fation failure is allowed to continue, it can eventually lead to catastrophic failure.

ive of filtration is to reduce the level of solid particulate centamination present in a system §
n acceptable level of cleanliness, no matter what contamination is being generated and ingress
5tem. Maintaining an acceptable level of contamination @chieves the following benefits:

led component life — the wear in components is(reduced thus extending the useful life of
N,

ced system reliability (see 8.1) — maintaining-fluid cleanliness minimises intermittent failures caug
ticles jamming in critical components;

bd downtime and servicing costs — the’cost of replacing components is often far outweighed by |
Ction time and servicing costs. By.ihcreasing component life and reliability, contamination con
putes to production efficiency and‘reduced maintenance costs;

of operation — safety- of operation results from consistent and predictable performan
mination control ensures.that the conditions that lead to inconsistent and unpredictable operat
eatly reduced; and

led fluid life —by-“minimizing the number of particles in the system, operating with a clean fl
tend the life‘and serviceability of the system fluid by reducing oxidation, which is catalyzed by
nce of reaetive particles. For example, it has been shown that the catalytic effect of a mixture
r particlesvand water results in 47 times more oxidation (ageing) of the oil. This is of considera
ance'when the lifecycle costs of fluid (initial, operational and disposal) are significant.

ement of contaminated fluid at high velocity, all of which can cause increased internal leakagg.

es can prevent a valve spool from moving in one of its positions but are washed away when the'valve
s moved to a new position; or a particle can stop a poppet valve from closing properly but is'-washed
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Evaluation of cleanliness

General

The level of cleanliness in a system varies depending on its design, assembly and operation. Later clauses
describe the control necessary to maintain acceptable cleanliness levels. However, it is important to know what
level of contamination is reasonable for the required reliability and life of the particular system and how these
levels can be categorized.
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A wide range of particle sizes can affect the performance of hydraulic components and systems. The smallest
size of concern can range from 1 pym or smaller, when considering particles that cause wear by penetrating
the clearances of components, to well over 1 000 ym (1 mm) in the case of large particles jamming the moving
parts of components. Table 2, which is adapted from the American Society of Mechanical Engineers (ASME)
Wear Control Handbook (see Bibliography), shows typical dynamic operating clearances for common hydraulic

components.
Table 2 — Typical dynamic operating clearances
Component Clearance Component Clearance )| N
piston pump servo valve q‘Q X
piston to bore: 5-40 pm spool to sleeve: 1-{@1"'
valve plate to cylinder: 0,5-5 um orifice: 1@’@’5\0 pm
gear pump flapper wall: '\:I'g-63 um
tooth to side plate: 0,5-5 ym roller element bearings:& 0,11 Mm
tooth tip to case: 0,5-5 um journal bearings: ,..O\ 0,5-25 ym
vane pump hydrostatic bear'@&? 1-25 ym
vane sides: 5-13 um gears: o o 0,1-1 um
vane tip: 0,5-1 ym dynamig\@T? 0,05-0,5 uym
actuators: 5-250 pm
>

pa

xO
O

C)\

ts are needed to both size and count partic

D

<
The particle size range of interest presents some diffitsﬁl\ties in perceiving and understanding the si;
ticles. For most of the sizes, scientific instru
smallest particle that can be seen with the unaigs@human eye is about 40 um; see Figure 1.

= )
«| Grain of salt Diameter of a human hair Limit of human 5um
%100 um on each side ~ 75 um vision ~ 40 ym wear
particle

re of these
es, as the

2 um
wear

particles

Figure 1 — Relative sizes (diameter or longest dimension) of common particles and objects

6.3 Methods of measuring and monitoring solid particulate contaminants

Several analytical methods are commonly used to measure and describe solid particulate contaminants.
Each technique produces a different piece of information about the contaminant. None produces a complete
description nor is there a convenient way to translate data of one type into another. These principal methods

are:

a)

© 1SO 2011 — All rights reserved
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b)

c)
d)

e)

NOTE The inaccuracies inherent in this method make it unsuitable for evaluating the fluid cleanliness of modern
hydraulic systems. It is more suited to analyze samples in which relatively large weights are involved, for example, the
evaluation of component cleanliness.

optical particle counting (automatic or manual): determines size and number; ISO 11500 and ISO 4407
provide methods;

ferrography: primarily indicates the magnetic metal content of the contaminant;
spectroscopy: determines elemental composition of the contaminant;

fllter tlf\r\l aoas capal _apiantitatih i Aataroaination Af oion and b Ay Af Aortialaa: O
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ISO 21018-1 provides a more comprehensive list of contaminant monitoring techniques and the advantages

and limitatlons of each method.

7 Codiphg systems for expressing level of solid particulate contamination

71

General

The outpuf of most of the particle monitoring instruments is the number of particles at certain sizes. In hydraulic
systems, these can vary considerably from single figure values in the case of larger particle sizes in very
clean systgéms to many millions in the case of dirty systems. The communication of these varied numberg at
the different sizes is often confusing, and to overcome this, several:.coding systems have been developed to
simplify thge reporting of contamination data. The basis of these cades is the sub-division of the counts ipto
broad bas¢d bands and assigning a code number to each band .l he most commonly-used methods currently

in use in irfdustry are described in the following subclauses.

7.2

For

1ISO|4406 coding system

industfial applications, the 1ISO 4406 codingsystem for expressing the level of contamination by so¢lid

particles i§ the preferred method of quoting the‘number of solid contaminant particles in a fluid sample. The
code is copstructed from the combination of.three scale numbers representing the concentration of partides

at three specific particle sizes.

The unit df particle size depends pn.the sizing parameter used in the analysis, whether it is the longest
dimension|(optical microscopic methed) or equivalent spherical diameter (automatic particle counter methqd).
In the ISO 4406 coding system;-particle sizes expressed in ym indicates that the particle size distributjon
was determined using a mjcrescope, and particle sizes expressed in um(c) indicates that the particle sjize
distribution was determined'using an automatic particle counter (APC) calibrated in accordance with ISO 11171.

In the 1ISO[4406 coding‘system:

a)

b)

c)

the firpt scale ‘number represents the number of particles in a millilitre sample of the fluid that are larger
than 4 um(6);

the sdcond number represents the number of particles larger than 5 um or 6 um(c); and

the third number represents the number of particles that are larger than 15 ym or 14 um(c).

Because not every application requires that all three sizes be specified, or in those cases where the
contamination monitor is unable to provide this information, there are three variants on the three-number code,
in accordance with the following examples:

a)
b)

c)

22/19/14, which indicates that all three particle sizes are have been counted;
*/19/14, which indicates that there are too many particles equal to or larger than 4 uym(c) to count; and

-/19/14, which indicates that the application does not require that particles equal to or larger than 4 um(c)
be counted.

© 1SO 2011 — All rights reserved
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It is recognised that in very clean fluids, the number of particles being counted, even in 100 mL of fluid sample,
can be too low to be statistically reliable. Therefore, if fewer than 20 particles are counted for a particular size,
ISO 4406 requires that the scale number be preceded by > to signify this, e.g. 16/12/>10.

Note that the ISO 4406 system differs from other cleanliness coding systems in that it does not include codes
for particle sizes larger than 15 pm (see 7.3). This is because most hydraulic systems incorporate filters and,
as a result, there are very few of these larger particles. Because there are so few, it is unlikely that the number
of these larger particles counted will be consistent from sample to sample, so trending or comparing data at
these particle sizes becomes meaningless.

Micro
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code is given with a dash and two scale numbes, e.g. -/19/14. The particle sizes report
pum, which are equivalent to the 6 um(c) and 14 uym(c) sizes determined using an APC. See.|SO
a description of differences in particle counting and sizing methods.

NAS 1638, SAE AS4059 and ISO 11218 coding systems

e NAS 1638 cleanliness coding system was originally developed in 1964 to<define contaminati
the contamination contained within aircraft components. The application_of this standard was ¢
n-aerospace hydraulic systems mainly because nothing else existed at-the time, and it is still w
S 1638 was made inactive in May 2001 in favour of SAE AS4059, ‘which is SAE’s modernizg
S 1638 coding system and which has been adopted as ISO 11218 for aerospace hydraulic syste]

cific sizes. The coding system defines the maximum numbers of particles permitted in each size
result is usually expressed as a single digit class numberbased on the highest class level obta
ticle sizes measured.

D 4406 is recommended for expression of contamination levels for non-aerospace hydraulic s

usérs of this technical report can consult the respective standards if further details are desired abot

me
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Setting required cleanlinesslevels (RCLs) for a hydraulic system

The amount of contamination that a system can successfully operate with depends upon two
the relative sensitivity of the components to contaminant, and
the level of reliabilityyand component service life required by the system designer and user.

s was established in a UK Department of Trade and Industry (DTI) survey of hydraulic syg
liography), which showed an inverse relationship between the contamination level in the hydraul
system reliability experienced, as shown in Figure 2.

ystemrdesigner needs to select the most appropriate fluid cleanliness level for the system, knd
uired cleanliness level (RCL). The importance of the RCL cannot be overemphasised, as it is t

does) and
5 ym and
TR 16386

bn classes
xtended to
dely used.
tion of the
ms.

with the ISO 4406 code, the SAE AS4059 and ISO 11218 codeés are based on the number of particles at

range, and
ined for all

stems, so
t the other

factors:

tems (see
¢ fluid and

bwn as the
e basis of
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a)
b)
c)

is used to dictate the cleanliness of components at the build stage;
defines the level of cleanliness at delivery; and

provides the basis for setting maintenance action levels in service.

The subsequent subclauses describe four methods for selecting an RCL.
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Figure 2 — Relationship between 1SO:4406 code and reliability

8.2 Thelfirst and preferred method for selecting the*RCL is a comprehensive method based on guidelifes
incorporating the specific system operating conditiens. The advantage this method has over others is that
it accountg for the life and reliability required bythe user for his system, and not the general requiremehts
for a machinery group. This method is described in British Fluid Power Association Document P5. The RCL
determined is based on the following parametets:

a) operaling pressure and duty cyclg;

b) compgpnent sensitivity to coptamination;
c) life expectancy;

d) cost of component&eplacement;

e) downtime;

f) safety liabilities; and

g) environmental considerations.

The attributes of the system and its operation are reviewed and used to establish a weighting or score. These
are then accumulated to give the RCL. The level selected is considered to be the maximum permissible level
for reliable operation under the circumstances. If it is exceeded, then corrective actions can be implemented,
otherwise the contamination control balance is disturbed, and component wear rates can accelerate.

8.3 The second method is for the system designer to use his own experience or consult with others with
experience and similar requirements. In many cases, this information is supplied by a filter manufacturer that
has access to such information for such benchmarking. The system designer uses caution when applying
others’ experience, as the operating conditions, environment, and maintenance practices might not be the
same.
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8.4 The third method is to use studies and resulting data such as Figure 2. Again, the system designer uses
caution, as these recommendations are usually very general in nature and might not address the application
specifically.

8.5 Thefourthmethodisto contactthe manufacturer ofthe most contaminant-sensitive componentinthe system
for recommendations. Most component manufacturers know the detrimental effect that increased contamination
levels have on the performance of their components and issue maximum permissible contamination levels. They
state that operating components with fluids that are cleaner than those stated can increase life. However, the
diversity of hydraulic systems in terms of pressure, duty cycles, environments, lubrication required, contaminant
types, etc., makes it almost impossible to predict the component’s service life with more precision than what can
bej;easonably expected. Furthermore, without the benefits of significant research and the existence ¢f standard
coimponent contaminant sensitivity tests, manufacturers that publish recommended cleanliness'levegls that are
cleaner than their competitors might be viewed as having a more sensitive product.

9 [ Cleanliness management concepts
9.1 System design considerations

9.1.1 Although hydraulic filters are critical in maintaining the cleanliness of an operating system, simply
applying a filter and ignoring other recommended practices is inadequate for completely protecting the system
from contamination. Since contamination comes from a wide varijety, of sources, a comprehensive ¢leanliness
mgnagement program addresses each of these sources and emphasizes methods of minimizing contaminant
en{ry and damage as well as methods for contaminant removal.

9.1.2 Typical processes used to minimize contaminant.€ntry and damage include:

a) | design and manufacture of components and systems that are tolerant of contamination;
b) | selection and use of adequate filters; see~Clause 12;

c) | use of effective reservoir air breather filters, joints, and external seals;

d) [ repair and maintenance procedures that minimize the entry of contamination; and

e) | maintenance of cleanlingss:throughout manufacture and assembly; ISO/TR 10949, ISO 16431 and
ISO 18413 cover companent and system cleanliness measuring and reporting methods; ISO 23809 covers
flushing methods of Cleaning lines in hydraulic systems.

9.2 Monitoringsystem cleanliness

9.4.1 General

Itig recommended that the system cleanliness level is monitored after one week’s initial operation and thereafter
i o-month’s time. The selected filtration rating is acceptable if the RCL is achieved within this time| If the RCL
rchieve e rfitter-withra-finer-fittrattonrating-or-additionat-fitterscanbe-reqtirec e frequency

of monitoring is then selected on the basis of the stability of the system cleanliness level.

Regular checks on the fluid cleanliness level ensure that the contamination control system is working
satisfactorily, and that the specified level of cleanliness is being maintained. This can be achieved either by
connecting an on-line cleanliness monitor or by taking a fluid sample from the system and analysing it off-line
in a laboratory.

It is also recommended that the physical and chemical condition of the hydraulic fluid, in addition to its
cleanliness, be monitored. This provides information necessary to ensure that the necessary fluid properties
are maintained.
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9.2.2 Fluid sampling

In order to establish the condition of the fluid, it is necessary to extract a representative sample of the system
fluid. 1ISO 4021 provides recommended sampling procedures. When monitoring is done on a regular basis,
samples are taken from the same sampling point, and after approximately the same operating sequence or

time, beginning typically more than 1 h after start-up.

The importance of correctly taking the sample cannot be overemphasised because modern hydraulic
systems are typically designed to operate with very clean fluids. As a result, there is a high probability that
contamination IeveI could be measured maccurately if inappropriate technlques are used. This could greatly

increase qpe
also makes trending data almost |mp033|ble As modern hydraulic systems have very clean fluids, on:|
monitoring is recommended to minimize errors introduced from sample valves and bottles. See 1ISO-2101
for on-line|monitoring considerations.

If bottle sampling is used, it is essential to use only sample bottles that have been cleaned;and verified
accordance
levels that] approach that of the pre-cleaned sample bottles themselves. The use of inadequately clear
bottles can greatly increase the contamination measured.

9.3 System maintenance for cleanliness management

sponsibilities

Regular and effective maintenance is essential if the desired systém reliability is to be achieved. It is
responsibility of the original equipment manufacturer to provide ‘adequate maintenance procedures for
equipment being supplied. Effective detailed procedures take intd account the duty cycle of the system on
individual basis and the environment in which the system is operating.

Ing
ne
B-1

in

with 1ISO 3722. Modern hydraulic systems featuring highly effective filters hayefluid cleanlingss

ed

he
he
an

The end user is responsible for ensuring that adequaté’servicing facilities are available and that routjne

maintenanice is carried out.

9.3.2 Di]:iplines

The main
disciplines|

nance of a hydraulic system for cleanliness management is usually covered by seven b3

a) inspegtion of the system, while ‘eperating, for leaks and filter blockage;

b) maintgining the level of thetfluid in the reservoir within the limits stated by the manufacturer;
c) changing disposable filter elements or cleaning strainers;

d) taking samples(of the fluid;

e) monitpring the fluid condition;

sic

f) monit \ring the mechanical condition; and

g) identifying corrective action.

9.3.3 Maintenance procedures

Written maintenance procedures typically accompany every new piece of hydraulic equipment and contain at

least the following information related to filtration:
a) types and quantities of filter elements;
b) filter element change procedures with an appropriate recording system for such changes;

c) required system cleanliness level and intermediate action levels;
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recommended method of fluid sampling;
frequency of fluid condition checks;

type of fluid required;

instructions about addressing leaks; and

corrective actions to be taken in the event that an action level or the RCL is exceeded.

.4 Changing or cleaning filter elements

It is most important that the disposable filter element is changed and or the strainer is cleaned '3

its
pre

It is recommended that filters always be fitted with a differential pressure device or¢some means
wheen they are becoming blocked. However, if a filter does not contain such a device, it is vitally
to thange the element at intervals recommended in the maintenance manual;“and it is always pr

un

change such an element too frequently rather than to allow it to run in a bypass condition that mi
hoticed.
sure that replacement elements are of the correct type and rating. Using an element with too coar

En
ca
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If 4
rer

Filt

by
be

is mot transferred from the dirty to the clean side. The filter manufacturer’s recommended cleaning

ca
is

iE
An
9.3
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differential pressure device shows that the element is becoming clogged or that a spegified
ssure has been reached.

ng in the clean state is too high is installed, it can start bypassing prematurely and become ineff

fill filter is fitted on the reservaoir, it is typically inspected regularly and if significantly contami
hoved, cleaned, dried and refitted. A damaged fill filter-is usually discarded and a new one instal

er elements made of wire mesh and designated as cleanable, including pump inlet strainers, can
reverse flushing with a very clean solvent. Howeyer, if the mesh is fine, immersion in an ultrason
required to loosen contaminant trapped in theimesh before final reverse flushing. Ensure that con

h be followed. A cleanable filter element-can be cleaned only a finite number of times before re
necessary. Cleanable filter elemepts:generally have a coarse filtration rating, typically > 25 un
200 when tested in accordance.with ISO 16889.

y seals fitted to the filter are typically inspected and replaced if damaged or hardened.

.5 Filling the system with fluid

nsiderable quantitieés of contaminant can be added during a normal system fluid fill process unle
e is taken in filling up a system, and the new fluid is filtered.

Filters

1011 -Mechanisms of filtration

s soon as
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bf showing
important
bferable to
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hnot maintain the desired fluid cleanliness level. If an element that is too fine or whose differential pressure

ective.

hated, it is
ed.
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c bath can
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5S extreme

10.1.1 Particle capture and retention

The two processes by which fluid borne particles are captured and retained by a filter are called interception
and adsorption.

Interception occurs when the particle is physically too large to pass through the pore that is in front of it, is taken
from the flow stream and typically securely held in the filtration medium. Sieving is an example of interception.
Whether or not the particle is securely held and does not get released as flow conditions change depends on
the pore size distribution, the way that the fibres of the filtration medium are bonded together and the strength
of the fibres. The interception mechanism predominates in most high-quality hydraulic filters.
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Adsorption is a process whereby particles are taken from the flow stream and held through some form of
attractive surface force such as electrostatics or van der Waals forces. Although these forces can be quite
strong, they only act over extremely short distances, and the capture and retention efficiencies are relatively
low. Variations in flow, viscosity and vibration, which are typical in hydraulic systems, can act to cause particles
captured by adsorption to be subsequently released (desorption). For this reason, adsorption typically is not
the predominant capture mechanism in hydraulic filtration.

10.1.2 Particle transport mechanisms

Transportation of the particle to the fibre occurs predominantly by two main mechanisms. In one, the particle

passes clgse 10 the fibre and 1T the attractive force 1S greater than the 1Tow 10TCe, the particie 1S drawn 1o the i
and is held on contact. In the other, called inertial impaction, a particle is unable to remain in the fluid streaml
as the fluig moves around the fibres in the medium and the momentum of the particle is sufficient to.caus
from the fluid flow stream and to collide with a fibre where it is then held in place. Other; much lg¢ss

to deviate
significant
interceptio

transport mechanisms are gravitational interception, in which the fluid is static,-and” diffusio
h (or Brownian motion), which is usually too weak to be effective in liquids but is tmore dominan

re
ne
e it

nal
[in

gasses. These mechanisms produce particle displacements that are generally insignificant compared to thgse

generated
larger part

10.2 Genleral filter concepts

10.2.1 Filter operation and life

There are
a) an ini
cleanl

b) arelalively long stable phase in which an approximate balance is maintained between particles ingress

into, 4

c) arela
fluid fl

The level

cles can gravitate, and smaller ones diffuse, into contact with the medium:

fhree identifiable phases in the life of a filter:

ial short cleanup phase in which the filter reduces.the number of particles, depending on
ness level produced by the previous filter in the system;

nd removed from the system; and

ively short end phase in which the filter medium becomes plugged and imposes a restriction to
pw, and the differential pressure across the filter rapidly rises.

bf fluid cleanliness depends.-8nithe combination of the filter's contaminant removal characteristi

by the moving fluid. Nevertheless, if the fluid at the surface of the medium<becomes quiescgnt,

he

ed

he

CS,

the system’s contaminant ingression ‘rate, and operating conditions. As these change, the fluid cleanlingss

level also

10.2.2 Co
A number
a) Misco

Fact:

hanges and can continue-to vary throughout the filter’s service life.

mmon misconceptions about filtration
Of significant misconceptions about filtration persist and are addressed below:
nceptionsFilters are screens composed of uniformly sized pores.

Modern hydraulic filters, except, possibly, strainers, are not composed of uniformly sized pores, &

partic

nd

es-are not uniform in shape or spherical Thus it is possible for particles that are larger than

he

average particle size to pass through a filter medium by virtue of the presence of pores that are larger than
average or because of the orientation of the particle in the fluid stream as it passes through a pore.

b) Misco

nception: Particles smaller than the filter’s pore openings are not captured in a filter medium.

Fact: Sieving (that is, the capture of a particle because it is too large to pass through the pore) is not the only
mechanism by which particulate contaminants are captured. Contaminants can also be captured by simply
coming into contact with a filter fibre and then being held by attractive forces between the contaminant and
the fibre. As a result, contaminant particles smaller than the pore opening are often captured.

12
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c) Misconception: Adding the proper filter to a hydraulic system ensures that contamination is controlled.

Fact: Filters alone are not substitutes for an effective contamination control program. While filters remove
contaminants circulating within the system, they do not eliminate all the sources of the contamination, nor
do they prevent damage from occurring before the contamination is trapped.

d) Misconception: A micrometre (also called a micron) rating defines the filter performance.

Fact: Stand-alone filter micrometre or micron ratings have little or no relation to the actual performance of
a filter and are often selected arbitrarily. Although terms such as nominal rating, absolute rating, or even
filter rating are commonly used, these terms have no official standing within the industry, unless defined
and tied to a designated filter test standard and test conditions. The ratings of filters used._ i industrial
hydraulic systems are typically obtained by a standardized test (see Clause 11).

e) | Misconception: The retained contaminant capacity of a filter element is related to filterservice life.

Fact: The solid contaminant retained capacity of a filter element is not a measure’of filter service life. It
is the amount of standardized contaminant that is captured and retained by the filter during a| controlled
laboratory test causing it to plug. The capacity cannot be directly related to.the filter life in actpal service
because of the widely different operating conditions, maintenance practices and types of contaminant
seen in actual service.

10J2.3 Filter performance parameters

The characteristics most commonly used to describe filter ¢performance are filter efficiency ($ometimes
expressed as a filtration ratio), solid contaminant retention eapacity (sometimes referred to as dirt capacity)
angl clean element differential pressure.

Filter efficiency relates to the cleanliness level that can'be achieved and how quickly it is establighed. Solid
contaminant retention capacity relates to the amountiof contamination that can be captured by the fjlter before
thq differential pressure reaches a designated value. The clean element differential pressure relates to the
amount of restriction to flow and energy consumed during operation and needs to be considered|during the
initial design of the system.

There are two other characteristics of afilter which are sometimes ignored but are also extremely iportant in
its @bility to maintain system cleanliness throughout its life:

a) | the performance of the bypass valve, measured in terms of its response, hysteresis, leakagq rates and
stability, and

b) | the compatibility 6fthe filter with the system fluid and operating conditions without any meghanical or
chemical deterioration.

All| of these chdracteristics are determined using standardized laboratory test methods as digcussed in
Clause 11. Because the steady-state, controlled conditions used in laboratory tests rarely exist ip the field,
thg system-désigner needs to be careful in how this data generated by laboratory testing is used.|Increased
or fluctuating flows, changes in fluid viscosity, variable contaminant ingression rates and several other factors
nof{ duplicated in all laboratory tests can affect filter performance in ways that are not fully predictable without
testing under actual or simulated operating condiions. AS It IS not possible 10 replicate the wide range of
operating conditions in a laboratory test, the tests discussed in Clause 11 have been designed to be as severe
as practical. It is recommended that most, if not all, of them be used to draw up filter specifications.

=

10.2.4 Filtration as a statistical process

Modern filters feature a fibrous filter medium that creates a range of pore sizes, so that the removal of particles
can be represented using statistics. Likewise, fluid contaminants come in a wide range of sizes and shapes.
At the simplest level, filtration therefore involves an analysis of the probability that the right-sized particle
approaches the right-sized pore to effect a capture.

Such an analysis is complicated by the tendency of fluids and the particles carried by them to seek the path
of least resistance through the medium (e.g., the largest pores), which can decrease the likelihood of capture.

© 1SO 2011 — Al rights reserved 13


https://standardsiso.com/api/?name=48a276caac11f6efa2944363258df5ef

ISO/TR 15640:2011(E)

However, two particles cannot occupy the same space simultaneously, which can lead to particle-to-parti
interactions that can make capture more likely. Finally, particles that are smaller than the pore opening can
captured by adsorptive mechanisms (as discussed in 10.1).

Given this background, any in-depth statistical analysis typically considers:
a) the distribution of pore and particle sizes,
b) the fluid forces acting on the particle to affect its orientation,

c) the possible interactions between particles competing for passage through the same pore, and

cle
be

d) the presence of a variety of particle capture mechanisms.

Such a defailed analysis is not practical, but the following general conclusions can be drawn:

a) a gregdter proportion of large particles are captured than of small ones;

b) some[particles can find their way through the filter medium on each pass;

c) while ho particle can escape capture forever, re-release or desorption of particles is also possible; and

d) as pofes become blocked, changes in fluid flow paths and particle interactions at unblocked pores ¢
affectffilter performance.

10.2.5 Filfration as a dynamic process

It has long been recognized that filtration is also a dynamic précess affected by fluid flow variations,
migration ¢r release of previously trapped particles, and the chahging shape and composition of the partic
suspended in the fluid.

an

he
les

Few, if any, hydraulic systems have constant flow rate, préssure or viscosity. As a result, the filter medium is

subjected o flow rate surges and flow reversals and. {0 pressure spikes not found in laboratory tests wh
affect filte performance in the actual end use applieation. Standardized laboratory test methods exist or

under devglopment which can ascertain the filterperformance under dynamic conditions (see SAE ARP42(
Testing hap shown that the following generalities usually hold true for the effects of system dynamics on fi
performange:

a) large particles are much easier 1t capture and retain than small ones;

b) filter gffficiency is highest with steady-state flow rates and is generally lower as both the magnitude and r
of flow rate cycling is incredsed;

c) vibration can lower the effective filter efficiency;

d) flow rgversals can'Cause high filter element differential pressure in the reverse flow direction, often result
in “ballooning™er permanent damage, and are to be avoided; and

ich
are
5).
ter

ate

ng

e) even llninor internal leakage around the filter element can significantly degrade filter performance.

10.3 Types of filters and filter elements

Filters can generally be classified into one of the following categories:

a) pressure line filters, designed to withstand full system pressure and the duty cycle at the location;
b) return line filters, intended for lower pressure applications such as in return lines;

c) off-line filters, for use outside the main system, usually with a separate fluid recirculation system;
d) suction line filters or strainers, for use in the pump suction line; and

e) reservoir filters or strainers, to prevent contaminants or water vapour from entering reservoir.
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Hydraulic filter elements can generally be put into two categories:

a) filter elements designed for low differential pressure, which constitute the majority of filter elements used,;
as a result of being designed for low differential pressure, they are usually protected by a bypass valve;

b) filter elements manufactured to be much stronger to withstand a high differential pressure, usually set at
or near the system pressure; these are of the non-bypass type.

See Clause 12 for recommendations for selection and location of each type of filter and filter element.

10 4_FEilter accessories

10J4.1 Differential pressure devices

Asifluid flows through a filter, a differential pressure occurs. Under normal conditions, this differential pressure
canf be used to estimate the condition of the filter and its remaining useful life. Differential pressufe devices,
alsp known as filter blockage indicators, are an essential part of system managementas they give warning of
an|impending filter blockage or high viscosity condition, both of which can resdlt-in a subsequent|bypassing
condition. For proper cleanliness management, filters are most often fitted withva differential pressure device
or |some other means of showing when they are becoming blocked. It js‘strongly recommended that such
indicators be fitted to ensure continued control over contamination and the protection of the system ¢oncerned.

Di

fferential pressure devices come in a variety of forms:

a) | visual indicators, with either a pop-up button or other sich device that gives visual indication of high
differential pressure or impending bypass;

b) | electrical indicators, with either local or remote warnings through lights, sirens, etc.; and

c) | continuous reading devices, where there are continuous analogue or digital displays of differentigl pressure.
10{4.2 Filter valve arrangements

10{4.2.1 Bypass valves

Differential-pressure-actuated hypass or relief valves protect the filter element from excessive {differential
prgssure generated by blockage, high viscosity conditions (e.g. cold starts), surges, increased flow rate, etc.,
iverting the flow away from the element directly to the outlet port. Effective valves respond quigkly and do
no{ impose additional differential pressure upon opening as the bypassed flow rate increases. Bypgass valves
must have extremely low/internal leakage when not actuated; otherwise, the effective performance [of the filter
eldment is severely-degraded.

Cohcern about;using unfiltered hydraulic fluid during a short-term (i.e. lasting no more than sevgral hours)
bypass dueto)cold fluid start-up conditions is generally unwarranted. The fluid was essentially filtgred during
its last pass through the system and, unless the system is in a major failure mode or a service repair has just
begen performed, contaminant generation and/or ingression rates are typically low enough that one need not be
concerned about short-term filter bypass. Furthermore, if the filter has been correctly sized, bypassging is only
partial, as a proportion of flow always passes through the element.

Concern is warranted, however, if the bypass is caused by filter clogging or if an undersized filter is used. Unless
corrected, filter bypass can then persist until the next maintenance interval, with damaging consequences that
might not be readily apparent.

The system designer needs to clearly understand the functional operation and performance of the bypass
mechanism. Slow response times can limit bypass valve effectiveness and impose unnecessary stress on the
filter element, which can lead to fatigue damage. Internal leakage or premature actuation of the bypass valve
can degrade overall filter performance. In addition, good practice would prevent fluid flow during bypass from
washing contaminants from the filter back into the system.
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A correctly applied bypass valve exhibits flow/differential pressure characteristics that prevent it from imposing
significant additional differential pressure on the filter element as the flow rate increases (also known as
pressure override); otherwise the stress levels increase.

A correctly applied bypass valve also tracks the differential pressure and open and close as the differential
pressure increases and decreases, and the two curves representing these opening and closing characteristics
ideally overlay each other. The difference between the opening and closing characteristics is called hysteresis
and can indicate a design fault. For instance, a valve with a sticky valving element exhibits a high level of
hysteresis and typically will not close until a very low differential pressure is reached, thereby resulting in
unnecessary bypassing.

10.4.2.2 Reverse flow valves

Reverse flpw valves act as a normal bypass valve in the normal direction of flow but block flow in.the’ revefse
direction of flow and divert it away from the filter element to another port. Rapid operation is essehfial if the filter
element is|designed to be unidirectional, to prevent reverse flow through the element, which calises substantial
damage.

10.4.2.3 Anti-back-flow valves

Anti-back-flow valves are designed for return line filters that are mounted below the surface of the fluid in fhe
reservoir Where there is a possibility of back flow when the element is changéd. A valve closes the outlet gort
(and somdtimes also the inlet port) when the element is removed and is‘only opened when the element is
replaced.

10.4.2.4 No-element/no-flow valves

As their ngme suggests, no-element/no-flow valves require that an element hydraulically connect the inlet gnd
outlet port$ in a filter and are used in very critical systems_These valves have to withstand full system pressyre
without legkage and are sometimes seen in aerospace.systems but rarely in industrial hydraulic systems.

11 Filten evaluation

11.1 General

The primary goal of a laboratory filtef evaluation is to determine the level of cleanliness that a filter gan
establish gnd maintain in an actyaloperating system throughout its life, and especially as it becomes blockgd,
as this is the condition of highest stress. In addition, a complete test protocol evaluates other parameters
relating to|material compatibility, and the filter’s ability to withstand all the stresses of an operating system.
Recognizing that the observed filter performance is affected by system parameters (e.g. flow rate dynamics,
vibration, gontaminantiingression rates, etc.) that change from one application to the next, laboratory tests yse
standardized condifions to measure filter performance under a given set of conditions.

Unfortunatelythere is presently no simple way to directly use results obtained from standardized laboratpry
test methqds-to fully predict field results for reasons discussed earlier. Consequently, the system desig
is always advise a firation specialist for guidance on proper fier selection for a partcular
application.

11.2 Laboratory filter test methods

A number of ISO standardized test methods have been developed to measure various properties of a filter, filter
element and/or filter medium. In general, these tests can be grouped into three broad categories based upon:
the physical properties of the element, the physical properties of the complete filter (i.e., filter element and its
housing), or the performance of the complete filter.

Specification of performance is given by filter manufacturers in their catalogues, and this information is usually
obtained using the various standardized test methods that have been developed for hydraulic filters. A brief
explanation of each procedure is given in Table 3.
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Table 3 — Filter evaluation standards

Standard number | Subject Additional information
1ISO 2941 Collapse/burst resistance Used to evaluate the ability of the element to maintain integrity
when subjected to a stated differential pressures
1ISO 2942 Fabrication integrity Used to assess the quality of construction of the element by
looking for leakage areas
1ISO 2943 Material compatibility Evaluates the compatibility of the materials used in the element
and housing with the hydraulic fluid. It involves soaking the
element (or material) for 72 hours at 15 °C above the maximum,
anaror 5 T below the mimimum, stated temperature gf use
IS0 3723 End load Evaluates the ability of the element to withstand compressive
force without sustaining loss in integrity after@nJ/SO 2943
compatibility test. It was originally designed-for’sprind loaded
elements or those secured to a housing.using a tie bgr, and
is not typically applied to modern O-ringocated and sealed
elements
IS0 3724 Flow fatigue using particulate | Used to evaluate the element’s{ability to sustain cycli¢ flow
contaminant conditions when in a near blegked condition. The test|is
performed over a designed:number of cycles
1S|0 3968 Flow rate/differential pressure | Determines the presstreloss characteristics of the hpusing,
characteristics element and any valves used in the housing. It also includes
tests to measure-the leakage and other performance
characteristics)ofthe bypass valve
IS0 16889 Multi-pass performance test Determines.the filtration performance and rating over|a wide
particle Size range, and also gives a measure of its sglid
contaminant retention capacity for the specific test dyst used
IS0 23181 Flow fatigue using high Used to evaluate the element’s ability to sustain cycli
viscosity fluid flow conditions at a stated differential pressure. The testis
performed over a designed number of cycles. This tegt is
similar to ISO 3724, except for the method to achievelhigh
differential pressure
1S|0 16860 Differential pressure. device Evaluates operating characteristics of a differential pressure
test device
IS0 10771-1 Metal container fatigue test Can be used to test metal filter housings
method
ISO/TR 10771-2 Metal container fatigue rating | Can be used to determine and express a fatigue rating for metal
method filter housings
Befrause the multi*pass performance test gives so much information about filter performance, it is sometimes
used alone to specify a filter for a specific application. ISO 11170 was developed to avoid the limitatioh of basing
a filter selection policy on a single test method by providing a complete filter qualification test programme based
on|testing three elements using relevant ISO test method standards, as shown in Table 4.
Table 4 — Test sequence from I1SO 11170
for verifying performance characteristics
Element 1 Element 2 Element 3
ISO 2942 ISO 2942 ISO 2942
ISO 2943 ISO 2943 ISO 2943
ISO 2942 ISO 2942 ISO 2942
ISO 16889 ISO 3723 ISO 3968
ISO 2941 ISO 2941 ISO 3724
ISO 2942 ISO 2942 ISO 2941
ISO 2942
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12 Filter selection process

12.1 Gen

eral

Selection of filtration for a hydraulic system involves the following four steps:

a) system definition and setting of the RCL;

ion and location of filters;

of filters: and

b) select
C) sizing
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sment of candidate filters.
tem definition and setting of the RCL

e system designer identifies the components and their associated required cleanliness levels. Usu
bs reviews of component clearances, criticality of the component in the systeém and of the syst
similar designs that have proved successful.

e system designer determines or estimates the following:
bnents used and their contaminant sensitivity;
n for fitting the filter, either for component protection or wear. control;

mination ingression rates and sources. Systems located in dusty or harsh environments are m
0 ingest larger amounts of abrasive contaminant. Nt only do filters need to be correctly specified
e the cleanliness levels required, they also requite sufficient solid contaminant retention capacity
b that an acceptable service life is achieved;

e and preferred filter locations;
ble differential pressure or pressure available (necessary for return line or low pressure applicatior]

ow rates and surges — the‘correctly applied filter is sized to handle the maximum flow r
enced;

ing pressures, including pressure transients and spikes — the correct application of a filter tal
ccount the impact ofdhe”operational duty cycle on fatigue;

pe and viscosityyover entire range of operating temperatures and pressures — probably the m
ant consideration that is often forgotten. The fluid within the system not only has an impact
al compatibility (seals, housing, etc.) but also with its variable property of viscosity with temperat
essure;

e interval requirements.
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12.2.3 Using this information, the system designer then selects a required cleanliness level for the system

consistent

with the system design objectives. See Clause 8 for more information about this process.

12.2.4 When the RCL cannot be clearly identified and verified by data, the system designer typically relies
on past experience with similar systems modified to consider the unique aspects of the new system being

designed.

12.2.5 At this point, the system designer is now in a good position to benefit from discussions with a filtration

specialist.

18
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3 Selecting the minimum recommended filter rating

12.3.1 General

This guide to the selection of a filter to provide the RCL chosen in 12.2 works on the assumption that the higher
the level of contamination in the system’s environment, the greater amount gets ingressed into the system.
Thus to maintain the selected RCL, the filter installed in a system with high ingression requires a higher
efficiency of particle removal than if the level of environmental contamination is lower. The expected level of
ingression is selected and used to select the filter’s performance characteristics.

Asitts ot possittetoprecisety defimethe operating parameters of a-hydrauticsystermror topredicthow a filter
wil| perform in that system, the ability of the filter selected to provide the selected RCL can only be|confirmed
by fanalysing the filter’s performance during use.
1213.2 Procedure
12]3.2.1 Evaluate the environmental contamination level from Table 5 and select the conditiong that best
desgcribes the system operating environment.
Table 5 — Environmental contamination levels.and factors
Level of environmental Examples Environmental
contamination factgr (EF)
Good Clean areas, laboratories, systems with few contaminant ingression D
points, systems with fill filters and appropriate reservoir air
breathers
Fair/low General machine shops, lifts, ‘systems with some control over f
contaminant ingression points
Poor Systems with minimal cantrol over operating environment B
Hostile/high Systems with potential for high contaminant ingression, for b
example, those inifoundries, concrete plants, quarries, component
test rigs
12)3.2.2 Select the environmental factor from Table 5 that corresponds to the environmental corftamination
level chosen.
12)3.2.3 Using Figure,3, locate the RCL on the x-axis and draw a vertical line upwards to intersect the line with
thg corresponding‘environmental factor, EF, determined in 12.3.2.2.
12)3.2.4 Draw a horizontal line to y-axis and read off the recommended minimum filtration ratio in pn(c), where
4200, determined in accordance with ISO 16889. This represents the coarsest filter rating for this gpplication.
1213.2.5 _Confirm-the filter selection h\ll nnnlyaing the filter’s Ir_\nrfnrmnnr\n rlnring c\]/cfom npnrnfinn ( ee 127)
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x  requiredl cleanliness level (RCL), expressed in accordancewith ISO 4406
y recomniended minimum filtration ratio, um(c), where =200

Figure 3 — Selecting the'recommended minimum filtration ratio

12.4 Filter location

12.4.1 Geheral

There are many locations for fitting filters in hydraulic systems, and the potential positions as shown in Figurg 4
are discusped in 12.4.2through 12.4.6. Wherever the filter is located, it is essential that it is easily seen so that
indicationd of the differential pressure device or filter clogging indicator can be observed, and it is accessiple
so that thel element can be readily changed.

While hypothetically there is an optimum location for each filter, in practice, the location is often determined
by other factors such as space, serviceability, product line similarity, etc. Ideally, the filter is positioned where

a) it can be easily monitored and serviced,

b) it is well-protected from accidental spills and siphons,

c) it provides adequate protection to critical components from a pump failure, and

d) flow rate surges or backflows that can dislodge contaminants from the filter medium are minimized.

The location of the filter ultimately depends upon the reason for installing it. If it is for direct protection of a
specific component, the filter is installed immediately upstream of the component concerned. If it is installed for
control over potential sources of contamination, then it is installed downstream of that source. If it is for general
contamination control, then it can be installed in any of the lines that see the majority of the flow.
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1 | suction line filter/strainer

2 | return line filter, in-line (shown) or reservoir-top
3 | pressure line filter

4 | off-line filter

5 | reservoir air breather

Figure 4 — Potential locations for hydraulic filters

12)]4.2 Suction line filters

A fllter or strainer can be located in the pump inlet line to protect the pump from large debris from the reservoir.
It i$ advisable to check with,the pump manufacturer before any type of filter is fitted to the pump inlef|line. If this
tyge of filter is fitted it iSreCommended that it is positioned outside of the reservoir where it can eas|ly be seen
ang easily changed.CFhe advantages and disadvantages of using suction line filters are:

a) | Advantages
1)  Suction line filters provide some protection of the pump.

2)\, Suction line strainers are inexpensive to purchase.

b) Disadvantages
1) There is a risk that suction line filters might cause cavitation.
2) There is no downstream protection for other critical components.
3) These filters require a larger surface area to prevent too high a differential pressure.
4) These filters might be too coarse to provide any real protection or contamination control.

5) Itis usually difficult to change suction line filters and to know if and when they are clogged, as they are
often located in the reservoir, which usually needs to be drained to allow inspection and replacement.
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12.4.3 Return line filters

Return line filters are commonly used and can be either fitted in the return line or in or on the reservoir. The
advantages and disadvantages of using return line filters are:

a) Advantages
1) Return line filters control contamination generated by components and ingressed through seals.

2) These filters protect the reservoir.

3) Thesefitersaretessexpensivebecause-they-are-designed-foruse-attowerpressures:
4) These filters are available in a full range of filter ratings.
5) These filters both protect components and control wear.
b) Disadjantages
1) Reeturn line filters provide no direct protection of the system components.
2) These filters need to be sized for flow rate surges from cylinders and aceumulators.

3) These filters need to be carefully selected to avoid undue back pressure on components.

12.4.4 Prgssure line filters

Pressure I[ne filters are located directly downstream of the systempump and/or directly upstream of a critical
component to provide main system protection and last-change protection from debris generated by the
pump. Pregsure line filters can be either the non-bypass type<or-contain a bypass valve. The advantages gnd
disadvantgges of using pressure line filters are:

a) Advarntages

1) Pressure line filters are available in a fulhrange of filter ratings.

2) These filters provide direct protection.to components downstream.
b) Disadjantage

1) Blcause they are designed-to be used at higher pressures, pressure line filter housings are usually
heavier and higher in jnitial costs than return line filters of the same size.

12.4.5 Offtline filters

Off-line filters are loeated separate from the main system and generally contain their own pump for circulatipn.
The advantages and‘disadvantages of using off-line filters are:

a) Advarjtages

1) Differential pressure is not critical in the application of off-line filters.
2) These filters are independent of the main circuit, therefore are not subject to transient conditions.

3) These filters can run independently from the main circuit and so can continue to filter fluid in the
reservoir.

4) These filters are available in the full range of filter ratings.
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