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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 1SO 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 1SQ, also take part in the work. 1SO 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'3.

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the memberbodies casting a vote.

Attention is qrawn to the possibility that some of the elements of this International Standard may be the|subject of
patent rights] ISO shall not be held responsible for identifying any or all such patent‘rights.

International| Standard 1SO 18413 was prepared by Technical Committee{ISO/TC 131, Fluid powel systems,
Subcommittde SC 6, Contamination control and hydraulic fluids.

Annexes A tg G of this International Standard are for information only.

iv © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=17048ef8da563d0097aa7d8c9435f2c4

ISO 18413:2002(E)

Introduction

In hydraulic fluid power systems, power is transmitted and controlled through a pressurized liquid within an enclosed
circuit. Contaminants present in the circulating working liquid may degrade system performance. One method of
reducing the amount of these contaminants within the system is to clean parts and components prior to final
assembly. Accurate assessment of the effectiveness of part and component cleanliness requires documentation of
both the cleanliness requirement and the methods used for contaminant collection, analysis, and data reporting.
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Hydraulic fluid power — Cleanliness of parts and components —
Inspection document and principles related to contaminant

collec

tion, analysis and data reporting
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Nt for the specified part or component and the inspection method to be used for evaluating it
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scope of this International Standard.

hational Standard is applicable to the wetted surfaces.of any fluid power system part of
e defects and contamination by liquid or gaseous materials are not covered by this Internatio

ational Standard does not address safety problems that may arise from hazardous material
ment associated with its use. The user of_this International Standard is responsible for
b safety and health practices and determining the applicability of regulatory limitations prior t
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the possibility of applying the most recent editions of the normative documents indicate
pferences, the latest edition of the normative document referred to applies. Members of
pgisters of currently valid International Standards.

Hydraulie/fluid power — Fluid contamination — Determination of particulate contamin
. method

e cleanliness
5 cleanliness
y the parties

component is

br the purposes of this International Standard, approved functional liquids are considered to be components.

component.
nal Standard.

S, operations
establishing
b use.

provisions of

ational Standard. For dated references, subsequent amendments to, or revisions of, any of these

hcouraged to
d below. For
SO and IEC

ation by the

ISO 4407,

\V.¥/aVd

Hdranlie flind nn Ehud contaminatinan Datarminatinn aof narticilata ~cantamin
- eatHe—HEtHE—pPOWer =rtHa—coHtaaton eteHHHaHeH—061 aftHetate—eoRtaHHh

counting method using an optical microscope

ISO 5598,

Fluid power systems and components — Vocabulary

ation by the

ISO 11500, Hydraulic fluid power — Determination of particulate contamination by automatic counting using the light

extinction

3 Term

principle

s and definitions

For the purposes of this International Standard, the terms and definitions given in ISO 5598 and the following apply.
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3.1

component cleanliness

amount or nature of contaminant collected from the wetted or controlled surfaces of a component, as measured by
an applicable analysis method

3.2

contaminant

loose or detachable solid material present in a part or component or on a wetted or controlled surface of a part or
component

NOTE For the purposes of this International Standard, contaminants include solid material suspended in liquids, but exclude
||qu|ds and ga-»no Thic dafinition diffarc fraom 1) EEQQ 11 ito avelucinn Af leande and nacac
ses—Fhis-definrition-differsfrerm -Hs-exclusion-ofiguids—and-g

3.3
controlled sprface
wetted surfage of a part or component that is subject to a cleanliness requirement

34
controlled vplume
wetted volum)e of a part or component that is subject to a cleanliness requirement

35
end-point sagmple
last sample |n a series of repetitive samples, which produces a result that is < 10 % of the sum of the previous
samples

3.6
inspection document
written descrjption of the part or component cleanliness requirement and the agreed inspection method

3.7
inspection method
procedure fdr contaminant collection, analysis~and data reporting that is used to evaluate part or gomponent
cleanliness gs specified by the inspection document

3.8
part cleanlirless
amount or nature of contaminant. collected from the wetted or controlled surfaces of a part, as measyred by an
applicable anjalysis method

3.9

purchaser
party that stipulates_the.fequirements of a machine, equipment, system, part or component and judges whether the
product satisfies these requirements

3.10
representative sample

material collected such that it is typical of the amount and nature of the contaminant contained in or on a part or
component

3.11
supplier
party that contracts to provide the product(s) to satisfy the purchaser's requirements

3.12

test liquid

suitable liquid of known initial cleanliness used to remove, suspend and collect contaminant from a part or
component which shall be compatible with the part or component being tested and the apparatus used

2 © 1SO 2002 — All rights reserved
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process by which a test method evaluates the efficiency of the contaminant removal process or confirms that a

laboratory

analysis instrument is operating properly

NOTE This definition differs from 1ISO 8402:1994 (withdrawn in 2000) because, in this case, validation addresses the test method
or laboratory analysis instrument, whereas in 1ISO 8402:1994 validation addresses the final product.

3.14
wetted su

rface

surface area of the part or component that is exposed to system liquid

4 Inspe

ction document principles

4.1 Content

This Inter
document
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should be
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include: H

hational Standard specifies the content of the inspection document, not“its format. Th
may exist as a single document or as a series of related documents. Regardless of format, t
shall clearly identify the part or component cleanliness requirement and-the agreed inspectid

or component cleanliness requirement

ction document shall define the part or component cleanliness requirement. The cleanliness
consistent with the known and/or anticipated function or application of the part or compdg
sources for consideration in determining the cleanlin€ss requirement for a particular part @
istorical data; existing company, industry, national, ‘and international standards; functional

reliability, and durability requirements of the part or compeneént; and data on similar parts or componen

The part g
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beyond the
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4.3.1 Thd
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method sh

4.3.2 Thg
conducting
inspection
company,

r component cleanliness requirement shalllbe established and agreed upon by the parties in

ermination of what constitutes an apprepridate cleanliness level requirement for any particular part on
scope of this International Standard.

ection method
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nent. Typical
r component
performance,
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yolved.

component is

inspection document_shall define the inspection method to be used to evaluate part o
5. The inspection method shall be established and agreed upon by the parties involved. T

inspection~document shall define appropriate parameters applicable to collecting
analyses,/and reporting results. Typical reference sources for consideration in determinin

or compo

I component
e inspection

ould be consistent-with the design and the cleanliness requirement of the part or component.

ontaminant,
the agreed

methedinclude: previously used methods of contaminant collection, analysis and data repofting; existing
nddstry, national, and international standards; functional, reliability and durability requirements of the part
ent and methods used on similar parts or components. ISO standards should be used when these are

available. If ISO standards are not available, national, industry and company standards may be used, in that order of
preference.

4.4 Effectivity

The inspection document shall become effective upon mutual agreement between the parties involved, both of which
shall maintain a copy of the applicable inspection document.

45 Con

45.1 Unl

©1S0 2002 —
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ess otherwise stated in the inspection document, 4.5.2 and 4.5.3 shall apply.
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4.5.2 All parts or components shall meet the specified cleanliness requirement when evaluated by the agreed
inspection method.

4.5.3 Inspection of all parts and components may not be required. It is possible that some parts or components are
required to meet a specified cleanliness level and that other parts or components have no cleanliness requirements.

NOTE Development and incorporation of cost-effective cleaning methods are encouraged as part of the normal manufacturing
process. An audit process is commonly used to monitor conformance to dimensional, cleanliness and functional requirements.

4.6 Conformance verification

4.6.1 Confofmance to part or component cleanliness requirements may be verified either by the uise "df industry-
accepted stafistical sampling methods or by joint purchaser-supplier monitoring of the inspection processes.

4.6.2 \Verifigation of test results requires special care because differences in methods of contaminant cgllection or
analysis of the same part or component will affect the results obtained. In addition, lhecause the cgntaminant
collection prqcess results in cleaning of the part or component used as a test item, that\same test item shall not be
reused for sybsequent conformance verification.

4.7 Additipnal information
4.7.1 Unlesk otherwise agreed by purchaser and supplier, 4.7.2 to 4,7:5 shall apply.

4.7.2 The irjspection document shall specify both the required’cleanliness level for the part or compongnt and the
scope of its gpplicability. The points in the process at which thet¢eleanliness requirement applies shall be stated in the
inspection dgcument. Because prolonged or improper storage of parts or components may result in the introduction
of new contaminants, such as oxidation products, the inspection document should, when applicable, address these
factors.

4.7.3 Tempgrary shipping covers are excluded.from the inspection process; however, any contaminants gontributed
by such covdrs shall be included in the evaluation of part and component cleanliness.

4.7.4 Contaminants contributed by such defects as nicks, blemishes and discoloration shall be incluged in the
evaluation of|part and component cléanliness.

4.7.5 Wher¢ applicable, a_regquirement for allowable residual magnetic density may be included as part of the
inspection dgcument.

NOTE Residyial magnetism can cause retention of contaminant on part or component surfaces and the formation of
agglomerates,|both ef,which affect contaminant collection and/or analysis.

5 Contaminant collection principles

5.1 General

The method of contaminant collection shall be agreed upon and stated in the inspection document. The measured
part or component cleanliness depends greatly upon the procedures used to collect the contaminant for analysis. If
the collected contaminant cannot be analysed directly, proper controls should be in place to ensure that a
representative sample is collected. The effectiveness of the contaminant extraction or collection process should be
confirmed using the concept of end point sampling. Testing personnel shall follow the contaminant collection method
specified in the inspection document. Inspection facilities shall be as clean as practicable so as not to affect the
measurement of part or component cleanliness.

4 © ISO 2002 — All rights reserved
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5.2 Overview

Contaminant collection consists of various techniques for removing contaminants from controlled surfaces of parts
and components, suspending contaminants in a suitable test liquid, then collecting the test liquid and suspended
contaminants for analysis. This International Standard describes four basic contaminant collection techniques:
agitation, pressure rinse, ultrasonic vibration and end use simulation. Other methods of contaminant collection may
also be used when agreed upon between supplier and purchaser. The contaminant collection method shall be
properly validated.

5.3 Agitation

5.3.1 Cor|\taminant contained within simple enclosed surfaces shall be removed by partially filling
componerjt under test with an appropriate test liquid, sealing the openings, and agitating the partyor ¢
remove the contaminant from the controlled surface and to suspend the contaminant in the testliquid
after agitafion, all test liquid used in the test shall be drained and collected for analysis. Annex-A provig
information.

the part or
omponent to
Immediately
es additional

5.3.2 Prifary process variables to be controlled include: test liquid and its releyant) properties, test
and temp{rature, type and duration of agitation, the number of samples collected up to and including
sample, and the volume of test liquid collected for analysis.

iquid volume
he end-point

5.3.3 Consideration should be given to the size and mass of the part af*\component, the need for slings or fixtures,
and any atixiliary equipment necessary for proper contaminant collection.

5.4 Pregsurerinse

5.4.1 Conptaminant on exposed and accessible surfaces'shall be removed by directing a stream of tgst liquid onto

the contrd
Immediate
informatio

lled surface of the part or component, which is placed over appropriate liquid collectio
ly after rinsing, all test liquid used in the ‘test shall be collected for analysis. Annex B provid
.

5.4.2 Pri

N apparatus.
es additional

uid pressure

:lnary process variables to be controlled include: test liquid and its relevant properties, test lig
ate, test liquid volume and_temperature, the sequence followed in rinsing the part or component, the
collected for

and flow
number of
analysis.

samples collected up to,ahd including the end-point sample, and the volume of test liquid

ze and mass
contaminant

5.4.3 Consideration should-be-given to the overall accessibility of controlled surfaces for rinsing, the s
of the part|or component,the-heed for slings and fixtures, and auxiliary equipment necessary for propef
collection.

5.5 Ultr@qsonic.vibration

5.5.1 Comntaminant an surfaces accessible to ultrasonic vibration shall be detached from the surface by immersing
the part or component in test liquid and applying ultrasonic vibration. Upon removal of the part or component from the
ultrasonic bath, all test liquid used in the test shall be collected for analysis. Annex C provides additional information.

5.5.2 Primary process variables to be controlled include: test liquid and its relevant properties, test liquid volume
and temperature, equipment power settings, duration of exposure, the number of samples collected up to and
including the end-point sample, the volume of test liquid collected for analysis, and the effectiveness of removing
detached contaminant from the part or component surface and collecting the sample from the ultrasonic bath for
analysis.

5.5.3 Consideration should be given to the size and mass of the part or component relative to the capacity of the
ultrasonic tank and to the shape of the part or component, because both factors affect the effectiveness of the
ultrasonic bath.

© ISO 2002 — All rights reserved


https://standardsiso.com/api/?name=17048ef8da563d0097aa7d8c9435f2c4

ISO 18413:2002(E)

5.6 End use simulation

5.6.1 Contaminant on internal surfaces with limited accessibility shall be collected by installing the part or
component on a test stand that simulates the end use application. The part or component is actuated while test liquid
is circulated through the test stand. Upon completion of the simulation cycle, a representative sample of test liquid
shall be collected for analysis. Annexes D and E provide additional information.

5.6.2 A production test stand may be used for end use simulation. When a production test stand is used for the final
cleaning process (i.e., with a clean-up filter on-line) it may be agreed by purchaser and supplier that the part or
component cleanliness is determined from the analysis of samples collected from a suitable point downstream from

the part or component.

5.6.3 Prima
and tempera
procedures f

5.6.4 Care
associated w
other parts @
important to
variability in

ture, the simulation cycle used, circulation time, the size and number of samples cdllecte
pr controlling any carryover effects from previous tests.

hould be used in the selection of simulation cycles (for example, cycles thatygénerate con
ith break-in of the part or component) and in addressing potential sources of‘cross-contamiri
r components in the hydraulic system, especially when components ar¢ fitted to the test

minimize the generation of contaminant, because generated contaminant will introduce
bubsequent contaminant analysis results.

6 Contaminant analysis principles

6.1 Gener

The method
cleanliness |
the sample

laboratory te
during analys

NOTE The p
these material

6.2 Overv

A variety of g
The data rep|
contaminant
methods of g

6.3 Gravin

Al

of contaminant analysis shall be agreed upon and stated in the inspection document. The
bvel of a part or component depends upon the\procedures used to analyse the contaminan
collected will often contain small amounts, of contaminant diluted significantly in test lig
Chnigues are necessary to avoid both loss*of contaminant and cross-contamination from oth
is. Testing personnel shall follow the analysis method specified in the inspection document.

5 are not miscible with the test liquid:

ew

tandard laboratory_methods may be used to produce the required part or component cleanli
orting format.and’contaminant analysis method are closely related. This standard describes
analysis methods: gravimetric, particle size, chemical composition, and particle size distribu
nalysis may also be used when agreed upon between supplier and purchaser.

nétsic analysis

Iy process variables to be controlled include: test liquid and its relevant properties, test quul:id volume

H, and the

tamination
ation from
stand. It is
additional

measured
. Because
uid, good
Pr sources

esence of residual materials (such as liquids, protective films, or grease) may cause problems during analysis if

hess data.
four basic
ion. Other

Obtain the sample so as to contain all of the contaminants collected from controlled surfaces. Contaminant is
generally separated from the test liquid by filtration through a membrane under controlled conditions. Contaminant
concentration (mass per area, mass per volume, mass per part, or mass per component) is determined by weighing
the amount of material deposited on a membrane filter after filtration (see 1ISO 4405).

6.4 Particle size

Obtain the sample so as to contain all of the contaminants collected from controlled surfaces. Contaminant is
generally separated from the test liquid by filtration through a membrane under controlled conditions. Contaminant
residue is examined to determine particle size by means of optical microscope or optical image analyser (see
ISO 4407), scanning electron microscope, or other image producing instruments.

© ISO 2002 — All rights reserved
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Size parameter (total area or longest linear dimension) should be specified when reporting data.

NOTE The sample from 6.3 may be used in 6.4.

6.5 Chemical composition

Obtain the sample so as to contain all of the contaminants collected from controlled surfaces. Contaminant is
generally separated from the test liquid by filtration through a membrane under controlled conditions. Contaminant
residue is examined to determine chemical composition by means of appropriate instrumentation, such as a
scanning electron microscope equipped with X-ray fluorescence spectrometer.

NOTE Thg sample from 6.3 may be used in 6.5.

6.6 Partjcle size distribution

Obtain the)

determine
extinction

NOTE1 U
samples co

NOTE 2 S
with the na

7 Data

sample so as to contain a representative portion of the contaminants. The number and size
by means of an appropriate counting method, such as automatic optieal particle count
sensors (see ISO 11500) and optical microscope or optical image analyser/(see ISO 4407).

se sample handling procedures that minimize sedimentation of larger particles; this is particularly
htaining particles larger than 50 p in size.

bme particle counting instruments cannot tolerate high contaminant-concentrations or particles large
ed eye. In such cases, sample dilution and/or pre-screening mayybe required.

reporting principles

7.1 Gengral

The prese

htation of data shall be agreed upon‘and stated in the inspection document. The format seleg

indicates fhe contaminant properties of greatest interest. It may also serve to indicate the degree 0

attached t

7.2 Ove

b the cleanliness requirement specified for a given part or component.

rview

Contamin

nts can be characterized in several ways, and no single data reporting format will apply to all

Df particles is
br using light

important for

enough to see

ted generally
f importance

applications.

It is therefpre important t6, determine the contaminant properties of greatest interest and to specify an appropriate
data reporfing format in'the inspection document. This International Standard describes four contaming
that are often determiried: contaminant mass, particle size, chemical composition, and particle size dis

When dat

are to be reported as a concentration or a normalized distribution, the area or volume (¢

componerft Shall be clearly defined. When appropriate, the procedure described in annex G may be us

nt properties
ribution.

f the part or
ed.

7.3 Con

taminant mass

Perform gravimetric analysis methods to obtain information about the mass of contaminant on part and component
surfaces. Data on contaminant mass are often used to monitor in-process control of contaminants.

7.4 Part

icle size

Perform microscopic analysis methods to obtain information about the size of specific contaminant particles. Data on
particle size are often used for critical parts and components known to be sensitive to contaminants of a specific size
or to monitor in-process control of contaminants.

©1S0 2002 —
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cal composition

Perform specialized laboratory analysis methods to obtain information about the chemical composition of
contaminants. Data on contaminant chemical composition are often used for critical parts and components known to
be sensitive to contaminants of a specific composition or to monitor in-process control of contaminants.

7.6 Particl

e size distribution

Perform particle counting analysis methods to obtain information on the size distribution of contaminants. Data on
particle size distribution are often used as a final cleanliness check of assembled components and process fluids.

Particle size

8 Selecti

8.1 Overv

The following
this standard
recognized 8
shall be statg

8.2 Conta

See Table 1
of hydraulic

8.3 Conta

See Table 2
collection mHg

8.4 Datar

See Table 3
property bein

9 Criterig

distributions can also be used as requirements for surfaces of parts or components.
bn guidelines

ew

information is intended to be neither exhaustive nor restrictive. It isdntended only to assist
by indicating methods of sample collection, sample analysis, and data reporting that
s appropriate under selected conditions. The requirements appliCable to a specific part or ¢
d in the inspection document.

minant collection

or a summary of guidelines for selection of contaminant collection methods as they relate to
arts and components.

minant analysis

for a summary of guidelines for selection of contaminant analysis methods as they relate
thods.

bporting

for a summary, ef’guidelines for selection of data reporting methods as they relate to the cq
g evaluated-and the applicable analysis method.

n foracceptance

he user of
are widely
omponent

categories

to sample

ntaminant

Accept the part or component if the reported cleanliness, as determined by the agreed inspection method, is equal
to or better than part or component cleanliness specified in the inspection document.

10

Identification statement (reference of this International Standard)

Use the following statement in test reports, catalogues and sales literature when electing to comply with this

International

Standard:

“Inspection document for cleanliness of parts and components in accordance with 1SO 18413:2002, Hydraulic fluid
power — Cleanliness of parts and components — Inspection document and principles related to contaminant
collection, analysis and data reporting”.
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Table 1 — Guidelines for selection of contaminant collection methods

Contaminant collection method
Part or component o . Ultrasonic End use
Agitation Pressure rinse vibration simulation
Assemblies
Pumpes and motors NR NR NA R
Valves and cylinders NR NR NA R
Manifold and body assemblies NR A A R
Accumulators A NR NA R
Simple stjapes and housings
Gears, plates, and shafts A R R NA
Spools, rofls, and pistons A R R NA
Hardware jand seals A R R NA
Tanks and|reservoirs A R NA NR
Hollow p4rts
Manifolds pnd bodies R A A A
Hoses and tubes R A A R
Fittings A R A A
Filtration components
Filter elenments — cleanable Method shall be agreed between the supplier and purchasgr
Filter elenents — non-cleanable Method shall be @greed between the supplier and purchasgr
Filter houdings R A A R
R = Recorpmended
A = Acceptable
NR = Not fecommended
NA = Not @pplicable
The methqd of contaminant collection shall be agreed upon and stated in the inspection document.
Table 2 — Guidelines for selection of contaminant analysis methods
Contaminant analysis method

Contaminant collection methed| Gravimetric . . Chemical Particle size digtribution

analysis Particle size composition Bottle On-line
Agitation R R R R NA
Pressure 1finse R R R R A
Ultrasonic|vibration R R R R R
End use simutation A A A A R

A = Accep

R = Recommended

table

NR = Not recommended
NA = Not applicable

The method of contaminant analysis shall be agreed upon and stated in the inspection document.

© ISO 2002 — All rights reserved


https://standardsiso.com/api/?name=17048ef8da563d0097aa7d8c9435f2c4

ISO 18413:2002(E)

Table 3 — Guidelines for selection of data reporting methods

Units for data reporting
Contaminant analysis method Property Notes
measured Recommended Acceptable
mg/m? of controlled
surface
_ _ ) mg/component &
Gravimetric analysis mg/L of controlled
Mass
volume
mg/part mg/kg
Maximum particle
. pm mm
size
. . ) ) i Longest dimension
Particle size Number of particles | Number of particles Number of particles is bréferred
larger than the p
larger than larger than the i o
- - I o specified size, in
specified size specified size, in pm mm
Presence or mass fraction
. . Chemical absence of Report ¢hemical
Chemical comhposition o o :
composition specified elements |  yolume/fraction analysiq method
or compounds
Number of particles largerthan the
specified sizes per cmf_of controlled
surface
. . Number of patticles larger than the
Particle size and oo .
number of particles specified sizes per mL of controlled
Bottle volume
Numberof particles larger than the
specified sizes per part
Number of particles larger than the i
, N specified sizes per component Usually includes
Particle size glistribution - several|particle
Number of particles larger than the sides
specified sizes per cm? of controlled
surface
. . Number of particles larger than the
Particle:size and o .
) NubeT of particles specified sizes per mL of controlled
On-line volume
Total number of particles larger than the
specified sizes per part
Total number of particles larger than the
specified sizes per component
@ This unit is ot generally appliCable for assembled components.
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Annex A
(informative)

Contaminant collection principles — Agitation method

A.1 Scope

This annexjresents contaminant collection principles for the agitation method. The cleanliness level of a part or
componerft as determined by this method depends greatly upon the test parameters such as type| of agitation,
duration of agitation, choice of test liquid, etc. These parameters shall be stated in the inspection’ dpcument and
strictly follpwed by testing personnel.

A.2 Summary of method

A.2.1 Cogntaminant is collected by partially filling the test item with a known &eldme of test liquid, sealing the
openings, fand agitating the test item in order to remove the contaminant from the ‘controlled surfaces apd suspend it
in the test|liquid.

A.2.2 Mlltiple samples are required to achieve maximum contaminantremoval.

A.2.3 If a means of mechanical agitation supplemental to the testiiquid is used, the method of mechanical agitation
should be [carefully selected so as to limit any resultant cross-cemntamination.

A.2.4 Sqlid test items (such as gears, plates, shafts, etcneed to be placed in a receptacle that contajns test liquid
for agitatign and consequent removal of contaminants into the test liquid.

A.2.5 Immediately after agitation, drain and colléct the test liquid used in each contaminant collectign sequence.
Agitation gnd contaminant collection should be.pefformed with the highest practicable liquid turbulence

A.2.6 Arnalyse the samples of test liquidiin‘conformance to the inspection document.
A.3 Materials and equipment

A.3.1 Tagst liquid

WARNING — Exergisé care when using test liquids with low flash points.

Supplier ahd purchaser should agree upon the test liquid to be used in the collection process, and its required initial
cleanlinesg deyel, prior to the test. The test liquid should be compatible with all materials used i the part or
compone f f ot i . fepur ibte with all test
apparatus, including seals and filters, and filtered to the agreed initial cleanliness level. A low viscosity test liquid is
recommended. Viscosity of the test liquid should be < 5 mm?/s at the test temperature.

Test liquid contamination level should be sufficiently low to minimize its contribution to the total measured part or
component contamination.

A.3.2 Collection tray and/or vessels

Clean all collection apparatus to < 5 % of the presumed or allowable contamination level of the part or component.
Any collection apparatus should be covered after cleaning and prior to use in order to limit contamination from the
environment.

© 1SO 2002 — All rights reserved 11
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NOTE

contaminant attributed to the part or component.

A.3.3 Clean sample containers

It is possible for contaminant remaining on the apparatus to be transferred to the sample and included as part of the

Sample containers shall be sufficiently clean so as not to affect the results of contaminant analysis. If the expected
contamination level is unknown, a maximum contamination level of three particles larger than or equal to 6 pm(c), or
equivalent, per millilitre of container volume is considered appropriate.

NOTE The term “um(c)” refers to the size when counted by an automatic particle counter calibrated to ISO 11171. For particles

counted using

A.4 Proc

A.4.1 Dete
Include the

volume and/q
inspection dg

A.4.2 Clea
from where (

introduce coptaminant to controlled surfaces. External surfaces are defined as those that will not be in ¢

the system li

A.4.3 Rem
test liquid, dr

A.4.4 Tran{

properly prepared measuring vessel, such as a graduated cylinder or beaker. Take care to measure the

test liquid as

A.4.5 Carg

Agitate the tgst item in accordance with\the predetermined method. Drain test liquid from the test item i
Esel or the reservoir of anvon-line particle counting system. Take care to avoid contact with pon-wetted

collection ve
surfaces. Co

A.4.6 Anal

A.4.7 Repq
container for

A.4.8 Conf

TTICTOSCOPIC TEtousS,; 5 PN 1S equivalent to 6 (T

bdure

fmine the controlled volume and controlled surface area of the part or component to be

r surface area of the part or component for which cleanliness is to be controlled shall be sped
cument.

N external surfaces of the test item. External surfaces should he-Cleaned in a different physia
ontamination samples will be collected from the controlled Surfaces of the test item. Take

uid during normal operation of the part or component.

bve shipping plugs as necessary to add test liquid. If-a part or component is shipped partially
ain the liquid, measure its volume, and analysethe contaminant per A.4.6.

fer an amount of test liquid of between<30 % and 40 % the total part or component volu

accurately as possible. A minimum-ac¢curacy of + 2 % is recommended.

fully pour measured test liquid-into the test item. Reseal with plugs that do not introduce cont

er the collection vessel to avoid contamination by outside sources.

se samples as(specified in the inspection document. Refer to Annex E.

each sample collected.

analysed.

olumes and surface areas of all spaces that system liquid will occupy during normal opefation. The

ified in the

al location
are not to
bntact with

filled with

me into a
volume of

amination.
to a clean

at the procedure detailed in A.4.4 to A.4.6 two more times on the same test item, using & separate

rmithe efficiency of contaminant removal by the following method:

a)

number of particles larger than the specified particle sizes.

b)
c)

Divide the result for the third sample by the sum of results for the first two samples.

applies to the total number of particles larger than the particle size stated in the inspection document.

d)

a result < 0,10 of the total results of previous samples.

A.4.9 Report data as specified in the inspection document. Refer to Annex E.

12

For each of the three samples collected in A.4.4 to A.4.7, determine the total mass of contaminant or the total

If the calculated value is < 0,10, contaminant collection is complete. For particle counting, this < 0,10 criterion

If the calculated value is > 0,10, additional sampling is required. Repeat A.4.4 to A.4.6 until the last sample gives
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Annex B
(informative)

Contaminant collection principles — Pressure rinse method

B.1 Scope

This annef presents contaminant collection prlnC|pIes for the pressure rinse method. The cleanliness |

or compotent as determined by this method depends greatly upon the test parameters (such as.rin

liquid volu
followed b

B.2 Su

B.21 A
may also K

testing personnel.

mmary of method

bressurized stream of test liquid is directed at all controlled surfaces of'the test item. Mechar
e used to detach contaminant particles from the controlled surfaces{Rinsing should be perfo

highest practicable liquid turbulence.

B.22 M

B.2.3 Im

B.2.4 An

Itiple rinsings are required to achieve maximum contaminaht removal.
mediately after rinsing, collect the test liquid used in@ach sample collection sequence.

alyse the samples of test liquid in conformance<to the inspection document.

B.3 Materials and equipment

B.3.1 Te

WARNING
generate

Supplier a
contaming
componer
apparatus
recommer

st liquid

— Exercise care when using test liquids with low flash points. Care should be t
herosol mists, as these may increase the risk of combustion.

nd purchasepshould agree upon the test liquid to be used in the collection process, and

t, as well_as with the functional liquid of the final system. It should also be compatible
including seals and filters, and filtered to a level suitable for the process. A low viscosity,
ded- Viscosity of the test liquid should be < 5 mm?/s at the test temperature.

bvel of a part
Se pressure,

Mme, type of spray nozzle, etc.). These parameters shall be stated in the inspection decument and strictly

ical agitation
med with the

aken not to

its maximum

nt level, priorto the test. The test liquid should be compatible with all materials used in the part or

with all test
test liquid is

Test liquid contamination level should be sufficiently low to minimize its contribution to the total measured part or
component contamination.

B.3.2 CI

ean sample containers

Sample containers shall be sufficiently clean so as not to affect the results of contaminant analysis. If the expected
contamination level is unknown, a maximum contamination level of three particles larger than or equal to 6 pm(c), or

equivalent

, per millilitre of container volume is considered appropriate.

NOTE The term “um(c)” refers to the size when counted by an automatic particle counter calibrated to ISO 11171. For particles

counted usi

ng microscopic methods, 5 pm is equivalent to 6 pm(c).

© ISO 2002 — All rights reserved
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B.3.3 Dispensing pressure vessel

Vessel should be outfitted with a pressure gauge capable of measuring the desired pressure range, and also
preferably with a pressure relief valve. A stainless steel vessel is often used because of its chemical resistance to a
variety of test liquids.

B.3.4 Liquid dispensing gun

The liquid dispensing gun should be equipped with in-line filter holder and support screens compatible with the filter
(see B.3.5). This allows the liquid to be filtered as close as possible to the point of delivery. An optional in-line filter

between the

ispensina nressure vessel and the disnensina aun-mav-be installed as well
L R L < I 7

B.3.5 Filtg

The filter sho
be compatibl

B.3.6 Filte

Use a flat-bla

B.3.7 Coll

Clean all col
should be co|

NOTE ltisp
contaminant al

B.4 Proc

B.4.1 Dete
Include the

volume and/q
inspection dq

B.4.2 Clea
physical loca
Take care ndg

surfaces. If fhe test-item is large, such as a reservoir, clean only those external surfaces that could

contribute cq
contact with

rs

uld have a maximum pore size of 25 % of the smallest particle size to be analysed. Filter mate
e with test liquid. Choose the filter so as to achieve the liquid cleanliness specified in B.3.1.

r forceps

ded, non-serrated forceps to handle membrane filters to avoid damage and cross contaming

pction tray and/or vessels

ection apparatus to < 5 % of the presumed or allowable contamination level. Any collection
vered after cleaning and prior to use in order to limit contamination from the environment.

bssible for contaminant remaining on the apparatus to be transferred to the sample and included ag
tributed to the part or component.

pdure
fmine the controlled volume-and/or the controlled surface area of the part or component to be

r surface area of the part 0r component for which cleanliness is to be controlled shall be sped
cument.

N non-wetted external surfaces of the test item. External surfaces should be cleaned in
tion from where contamination samples will be collected from the controlled surfaces of the
t to introdu€e contaminant to controlled surfaces. Take care not to introduce contaminant

ntamipant during the collection process. External surfaces are defined as those that will
he.system liquid during normal operation of the part or component.

rial should

tion.

apparatus

part of the

analysed.

olumes and surface areasof all spaces that system liquid will occupy during normal operation. The

ified in the

a different
test item.
to wetted
potentially
not be in

B.4.3 Remove all shipping caps and plugs. If the test item contains residual liquid, the liquid should be collected in
a clean tray or vessel and included as part of the final analysis volume.

B.4.4 |If possible, place the test item in a clean collection tray prepared as specified above.

Many parts and components are too large to handle conveniently in a collection tray. When such parts or
components are being evaluated, the primary objective should be to place the test item in a convenient position for
sample retrieval. Ideally this position will allow test liquid and residue to drain into a collection container. This may
require that a form of support (for example, a sling, jig, or hoist) be used to manipulate the test item into position. For
parts and components, such as reservoirs, that cannot be effectively drained, a vacuum system can be used for

optimum residue retrieval. All parts of the vacuum system that come into contact with the test liquid should be
cleaned prior to testing to < 5 % of the presumed or allowable contamination level.
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B.4.5 If disassembly is required to gain access to all controlled surfaces, carefully remove the necessary parts and
components.

This method of contaminant collection is most accurate for components that require no disassembly, because the
disassembly process itself can generate contaminant. The operator should exercise extreme care to minimize the
generation of contaminant when disassembly is necessary.

B.4.6 Setthe pressure of the container to a level that will deliver a spray with optimal turbulence. If no disassembly
was required in B.4.5, proceed to B.4.8.

B.4.7 Rinse contaminants from any areas of the disassembled components that come in contact with the system

liquid duri
collection

B.48 W
dispensing
normal op
collection

B.4.9 Cq
a single cq

B.4.10 A

B.4.11 H
container
B.4.12 (

a) Forea
numbg

b) Divide

c) If the ¢
applie

d) If the

gives a result < 0,10 of the total.of previous samples.

B.4.13 H

ng normal nppmtinn These may. be rinsed either into the same collection tray or nto

nother clean

ray or vessel.

hen all controlled surfaces are accessible, carefully rinse them with test liquid sprayed
gun. Make every reasonable effort to rinse any area that will come in contact with,the system
eration of the part or component to dislodge any contaminant. All residue_should be rin
ray or, where appropriate, collected by the vacuum system.

llection container.
nalyse samples as specified in the inspection document. Referta, Annex E.

epeat the procedure detailed in B.4.7 to B.4.10 two more.times on the same test item, usir]
or each sample collected.
Lonfirm the efficiency of contaminant removal by the following method:

ch of the three samples collected in B.4.7 to B&4,11, determine the total mass of contamina
r of particles larger than the specified particle\sizes.

the result for the third sample by the sum of results for the first two samples.

alculated value is < 0,10, contaminant’collection is complete. For particle counting, this <
b to the total number of particles larger than the particle size stated in the inspection docume

talculated value is > 0,10, additional sampling is required. Repeat B.4.7 to B.4.10 until the

eport data as specified_in the inspection document. Refer to Annex E.

through the
liquid during
sed into the

mbine all collected residue and liquids. Carefully rinse trays and vessels-of‘all accumulated mnaterials into

g a separate

Nt or the total

D,10 criterion
nt.

last sample
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Annex C
(informative)

Contaminant collection principles — Ultrasonic vibration method

C.1 Scop

C.1.1 This
level of a pa
liquid volum
inspection dg

C.2 Sum

C.2.1 Atai
all controlled

C.2.2 Immq{

C.2.3 Anal

C.3 Mate

C.3.1 Test
WARNING —

Supplier and
contaminant
component,

apparatus, in

e

t or component as determined by this method depends greatly upon the test parameters.(s
, test liquid properties, and the ultrasonic power level). These parameters should.be"sta
cument and strictly followed by testing personnel.

mary of method

k of test liquid containing the part or component is ultrasonically agitated to remove contan
surfaces.

pdiately after agitation, collect the test liquid used.

se the samples of test liquid in conformance to the inspéction document.
rials and equipment

liquid

- Exercise care when using test liquids with low flash points.

purchaser should agree upon the test liquid to be used in the collection process, and its
level, prior to the test. The test liquid should be compatible with all materials used in t

as well as with the functional liquid of the final system. It should also be compatible w
cluding seals and filteTs. A low viscosity test liquid is recommended. Viscosity of the test liquid

< 5 mm?/s at the test temperature.

Test liquid cqg
component g

ntaminationtevel should be sufficiently low to minimize its contribution to the total measu
ontamination.

leanliness
ch as test
ted in the

inant from

maximum
ne part or
th all test
should be

ed part or

C.3.2 Ultrasonic tank

The ultrasonic tank should be made of stainless steel. Important characteristics of the ultrasonic equipment should
be specified in the inspection document.

C.3.3 Collection tray and/or vessels

Clean all collection apparatus to < 5 % of the allowable contamination level for the part or component. Any collection
apparatus should be covered after cleaning and prior to use in order to limit contamination from the environment.

NOTE

contaminant attributed to the part or component.

16

It is possible for contaminant remaining on the apparatus to be transferred to the sample and included as part of the
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ean sample containers

Sample containers shall be sufficiently clean so as not to affect the results of contaminant analysis. If the expected
contamination level is unknown, a maximum contamination level of three particles larger than or equal to 6 pm(c), or

equivalent

per millilitre of container volume is considered appropriate.

NOTE The term “um(c)” refers to the size when counted by an automatic particle counter calibrated to ISO 11171. For particles

counted usi

C4 Pr

ng microscopic methods, 5 pm is equivalent to 6 pm(c).

cedure

C.4.1 D¢d
The volum
in the insp

C.4.2 Rd
result of th

C.4.3 Su
the approyf

termine the controlled volume and/or the controlled surface area of the part or componentto
e and/or surface area of the part or component for which cleanliness is to be controlled shal
pction document.

move all shipping caps and plugs. Do not disassemble components. Contaminant can be g
e disassembly process.

bmerge the test item into either a collection container with clean testliquid or into the ultrasg
riate volume of clean test liquid. When testing parts and comporients that have cleanliness

be analysed.
be specified

nerated as a

nic tank with
fequirements

only on internal surfaces, fill the test item as full as possible with test liquidy’seal the test item, and subnperge it in the

ultrasonic

C.4.4 Ul
by the insj

C.4.5 Cq

bath.

rasonically agitate the test item at the power level indicated for the appropriate period of tim
ection document.

llect all residual contamination from the ultrasonic bath and rinse the bath with a suitable jet

When testing parts and components that have cleanliness requirements only on internal surfaces, ref

item from
a containe

C.4.6 Dn

he bath and carefully dry its outer surface using a lint-free cloth or jet of clean air. Pour the t
I and rinse the inner surface usingca suitable jet of test liquid.

ain and collect the test liquid-foranalysis or transfer it to the reservoir of an on-line particle cou

for circulation and analysis. The liquid-system for an on-line particle counting apparatus associated w

cleaning s
C.4.7 Ar

C.4.8 R¢d
container

C.49 Cq

nhall be validated in conformance to 1ISO 11943 using the cleaning liquid as the test liquid.
alyse samples andyreport data as specified in the inspection document. Refer to Annex E.

peat the procédure detailed in C.4.3 to C.4.7 two more times on the same test item, usin
or each 'sample collected.

nfirm the efficiency of contaminant removal by the following method:

b as required

of test liquid.
hove the test
pst liquid into

nting system
ith ultrasonic

g a separate

a) For each of the three samples collected in C.4.3 to C.4.8, determine the total mass of contaminant or the total
number of particles larger than the specified particle sizes.

b) Divide

the result for the second sample by the result for the first sample.

c) If the calculated value is < 0,10, contaminant collection in complete. For particle counting, this < 0,10 criterion
applies to the total number of particles larger than the particle size stated in the inspection document.

d) If the calculated value is > 0,10, additional sampling is required. Repeat C.4.3 to C.4.7 until the last sample gives
a result < 0,10 of the total of previous samples.

C.4.10 Report data as specified in the inspection document. Refer to Annex E.
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D.1 Scop

D.1.1 This

Annex D
(informative)

Contaminant collection principles — End use simulation

e

matbad—Th

level of a pa
ability of the
liquid operat
representativ
followed by t¢

D.2 Summary of method

D.2.1 The
cleanliness.
contaminants

D.2.2 Upor
on-line or col

D.2.3 Test
the test item
liquid turbule

D.2.4 Anal

NOTE Unles

during break-ip under load.

D.3 Mate

D.3.1 Test

WARNING

Bia B Bt Bianaa-ant L o oo ] —t -~ ma-Hatian
aRfRex-presents-contaminant-colectonprinciptes—forthe-entuse—simutation-methog—THhe—g
t or component as determined by this method depends greatly upon the test parameters' (s
est stand to reproduce functional conditions and requirements of the part or component;-ing
ng flow, temperature, turbulence, and surges; test liquid circulation time; and the.ability t
e sample of test liquid). These parameters shall be stated in the inspection document 3

psting personnel.

bart or component is installed on a validated test apparatus then operated with a test fluig
Dperation of the test apparatus removes contaminant from the past or component surfaces an
into the liquid.

completion of the end-use simulation, a representative Sample of test liquid is either analyg
ected for subsequent analysis.

tems should be exercised for a time sufficient.fo’pass at least 10 times the equivalent liquid
End use simulation and contaminant collection should be performed with the highest pract
nce.

se the samples of test liquid in conformance to the inspection document.
otherwise stated in the inspection document, this method is not intended to measure contaminan
fials and equipment

liquid

- Exercise care when using test liquids with low flash points.

leanliness
Lich as the
luding test
b obtain a
nd strictly

of known
d transfers

ed directly

volume of
icable test

generated

Supplier an

pnrr‘hncpr should agree upon the test Iinlnirl to_bhe used in the collection process, and_its

maximum

contamination level, prior to the test. The test liquid should be compatible with all materials used in the part or
component, as well as with the functional liquid of the final system. Test liquid should also be compatible with all test
apparatus, including seals and filters, and filtered to the agreed initial cleanliness level. Viscosity of the test liquid

should be <

15 mm?/s at the test temperature.

The test liquid will preferably be the same as the end use liquid. Test liquid contamination level should be sufficiently
low as to minimize its contribution to the total measured contamination.

D.3.2 Test

fixture

Use a test fixture capable of operation of the test item at its rated flow, temperature and pressure.

18
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D.3.3 Test stand apparatus

Use a test stand with reservoir, pump, liquid conditioning apparatus, and instrumentation that are capable of
accommodating the range of flows, pressures, and volumes required by the procedure and is capable of meeting the
validation requirements of D.4. See Annex F for guidance in designing an appropriate test stand.

System liquid volume shall be as small as feasible to prevent aeration.

D.3.4 Clean-up filter

A clean-up filter capable of providing the initial system contamination level specified in D.4.6 shall be fitted in the
system.

D.3.5 Lipguid sampler

The liquid [sampler shall conform to ISO 4021 and be fitted in the system downstream ofithe test item.

D.3.6 Particle counter

Select a pprticle counter appropriate to the analytical requirements. Calibrate optical automatic particle counters in
conformarjce to ISO 11171 and validate them in conformance to 1ISO 11943.

D.3.7 Clean sample containers
Sample cqntainers shall be sufficiently clean so as not to affect the results of contaminant analysis. If the expected
contamingtion level is unknown, a maximum contamination-level of three particles larger than or equal {o 6 pm(c), or
equivalent] per millilitre of container volume is considerethappropriate.

NOTE The term “um(c)” refers to the size when counted by an automatic particle counter calibrated to ISO 11171. For particles
counted using microscopic methods, 5 pm is equivalentto 6 pm(c).

D.4 Tegt equipment validation

D.4.1 Vdlidate the test stand following its initial construction and whenever the stand is modified.
D.4.2 Ingtall a dummy test itém.

NOTE A c|ean steel tube is‘often an acceptable dummy test item.

D.4.3 Fill the system'to a known volume and record the volume of test liquid used.

D.4.4 Operate\system pump to clean the circuit using the system clean-up filter.

D.4.5 Maintaimrtemperature-withim—+2-2€-of the-specifred-vatue:
D.4.6 Operate test stand at rated flow until test liquid cleanliness at particle sizes larger than or equal to 10 pm is
< 0,10 particles per millilitre, preferably determined using on-line analysis. Alternatively, collect samples in clean
sample bottles for subsequent analysis. If sample bottles are used, bottle cleanliness shall be included in the test
liquid cleanliness specification.

D.4.7 Remove or bypass system clean-up filter.

D.4.8 Add 5 mg of ISO Medium Test Dust (ISO 12103-A3) per litre of test liquid.

D.4.9 Begin analysis or sample collection 15 min after addition of test dust. Perform on-line analysis or collect a
200 mL sample of the test liquid in a certified clean bottle every 3 min until a total of 10 samples have been collected.
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D.4.10 For each sample, determine the cumulative particle count, starting with the smallest size of interest. The
particle count obtained for a given size at each sample interval shall not deviate more than 4= 15 % from the average

particle coun

D.4.11 Tes

t of all sample intervals for that particle size.

t equipment is validated if the particle count conforms to D.4.10.

D.5 Procedure

D.5.1 Determine the controlled volume and/or controlled surface area of the part or component to be analysed.
Include the volumes and surface areas of all spaces that system liquid will occupy during normal operation.

D.5.2 Clea
External surf

Do not disas
D.5.3 Rem
D.5.4 Insta

D.5.5 Meas

Eemble components. Contaminant can be generated as a result of the disassembly process.
bve all shipping caps and plugs from the item.
| and bypass test item

ure to &= 2 % the volume of test liquid used in the test stand.

D.5.6 Operfate the test fixture with a clean-up filter until cleanliness conferms to D.4.6.

D.5.7 Rem
D.5.8 Perfa

D.5.9 Unle
are within &=

D.5.10 Per|
> 100mL in

D.5.11 An4

bve or bypass clean-up filter.
rm end use simulation using test parameters specified in the inspection document.

5s otherwise specified, operate test circuit until.three consecutive particle counts taken at 2 m
15 % of the mean.

orm on-line analysis or collect samples of test liquid for subsequent analysis. Sample
volume.

lyse samples and report data as specified in the inspection document. Refer to Annex E.

N external surfaces of the test item. Take care not to introduce contaminant to controlled
hces are defined as those that will not be in contact with the system liquid during normal.ope

surfaces.
ration.

nintervals

5 shall be

20
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Annex E
(informative)

Contaminant analysis and data reporting principles

E.1 Scope

This anne pracnnte information on the :\nalyme of contaminatian c:mplﬂe ohtained from any of-the contaminant

collection nethods described in annexes A, B, C and D, and on the reporting of data generated by stich analyses.
E.2 Analysis

E.2.1 Gravimetric

Prepare and analyse samples in conformance to the inspection document. Refer to ISO 4405.

E.2.2 Particle size

Prepare ahd analyse samples in conformance to the inspection‘document. Refer to 1SO 4407. For |particle size,
select the |pore size of the filter disc/membrane that is commenSurate with the size of particle being nonitored, to
ensure thdt it is not plugged prematurely by sizes much smallerthan the size of interest. It has been fourjd convenient
to pre-filtef the contaminated test liquid through a coarse streen and then flush the larger dirt off ontq the analysis
membranag.

E.2.3 Chemical composition

Prepare and analyse samples in conformance to the inspection document.

E.2.4 Particle size distribution

E.2.4.1 Hrepare and analyse.samples in conformance to the inspection document. Use either bottle samples or on-
line particle counting. Caljbrate particle counters in accordance with the relevant standard.

E.2.4.2 VWhen extracting aliquots from a bulk sample of test liquid, agitate the bulk sample for about 30|s to suspend
the particlg¢s, then immediately decant a portion of the liquid into a clean sample bottle. Fill the bottle to b0 % to 70 %
full, then cap immediately. Analyse the test sample in accordance with an approved particle counting njethod.

E.2.4.3 Hnsure that particle concentrations are well helow the maximum for accurate particle codnting by the
method being used. Dilute samples where appropriate, or use smaller liquid volumes for microscopic counting
methods. Record the dilution factor and the liquid volume used for analysis.

E.2.4.4 For each sample, determine the particle count (in particles per millilitre) at the selected sizes. Multiply this
count by any dilution factor from E.2.4.3 to determine the concentration of particles (in particles per millilitre) in the
test liquid.

E.2.4.5 To determine particles per part or particles per component, multiply the value determined in E.2.4.4 by the
total volume of test liquid.

E.2.4.6 To determine particles per controlled volume, divide the value determined in E.2.4.5 by the controlled
volume of the part or component.
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E.2.4.7 To determine particles per controlled area, divide the value determined in E.2.4.5 by the controlled area of
the part or component.

E.2.4.8 The calculated value from E.2.4.5, E.2.4.6, or E.2.4.7 is the particle count level of the part or component.

E.3 Repo

rt

E.3.1 Methods

Cleanliness of parts and components may be reported per one or more of the methods given in E.3.2 to E.3.5.

E.3.2 Con

Report gravi
component.

NOTE Mass

E.3.3 Part

Report partid
size.

E.3.4 Che

Report inforn

E.3.5 Part

Report clean
number of pa

aminant mass

metric cleanliness in terms of mass per area (for example, mg/m?), mass per-part, or

ber component is generally not applicable for assembled components.

cle size

le size in terms of maximum contaminant particle size or the number of particles larger than

mical composition

nation on the chemical composition of selected @ohtaminant particles.

cle size distribution

liness in terms of number of particles per millilitre of controlled volume, number of particle
rticles per component, or number.of particles per area for each required size.

mass per

h specified

5 per part,
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