INTERNATIONAL

ISO

STANDARD 16232-1

First edition
2007-06-01
Road vehicles — Cleanliness of
components of fluid circuits —
Part 1:
Vocabulary
Véhicules routiers — Propreté des composants des circuits le fluide —

Partie 1: Vocabulaire

e Reference number
= — ISO 16232-1:2007(E)

©1S0 2007


https://standardsiso.com/api/?name=ed3934a4b20bdf09c8fd8111bbb6fba3

ISO 16232-1:2007(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2007

The reprOdUC tormof-the—terms—and—definittons—contaired—in—this—intermational—Standard—is PUIIII;ttUd tr—teachir g mat |ua:o, strdction
booklets, technical publications and journals for strictly educational or implementation purposes. The conditions for such reproduction are:
that no modifications are made to the terms and definitions; that such reproduction is not permitted for dictionaries or similar publications
offered for sale; and that this International Standard is referenced as the source document.

With the sole exceptions noted above, no other part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2007 — All rights reserved


https://standardsiso.com/api/?name=ed3934a4b20bdf09c8fd8111bbb6fba3

ISO 16232-1:2007(E)

Contents Page
0 =TT o T o iv
L0 oo 11T o o v
1 — Scope e ————— 1
2 Normative references ..oy e b 1
3 Terms and definitions........cccoiii e b s 1
4 Symbols and abreviations ... e s s mnnne e e e e s ennee e e ee s 1

© IS0 2007 — All rights reserved iii


https://standardsiso.com/api/?name=ed3934a4b20bdf09c8fd8111bbb6fba3

ISO 16232-1:2007(E)

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
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mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft Interdational Stand
the technical committees are circulated to the member bodies for voting- [Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 22, Road véhicles, Subcommittee SC 5, En

consists of the following parts, under the general title Road vehicles — Cleanliness of compon
its:

Vocabulary

Method of extraction of contaminants by agitation

Method of extraction of contaminants-by pressure rinsing
Method of extraction of contaminants by ultrasonic techniques
Method of extraction of contaminants on functional test bench
Particle mass determihation by gravimetric analysis

Particle sizing‘and counting by microscopic analysis
Particle-nature determination by microscopic analysis

Rarticle sizing and counting by automatic light extinction particle counter
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Part 10: Expression of results
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Introduction

-1:2007(E)

The presence of particulate contamination in a fluid system is acknowledged to be a major factor governing
the life and reliability of that system. The presence of particles residual from the manufacturing and assembly
processes will cause a substantial increase in the wear rates of the system during the initial run-up and early

life,
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and may even cause catastrophic failures.

rder to achieve reliable performance of components and systems, control over the amount
duced during the build phase is necessary, and measurement of particulate contaminants is
rol.

ISO 16232 series has been drafted to fulfil the requirements of the automotive industry, since

action liquid and of all contaminants collected using an approved extraction)method.

TC131/SC6. These International Standards have been extended, modified and new ones
bloped to produce a comprehensive suite of International Standards to measure and report the
Is of parts and components fitted to automotive fluid circuits.

of particles
the basis of

the function

performance of modern automotive fluid components and systems are sensitive to the prgésence of a
le or a few critically sized particles. Consequently, ISO 16232 requires the analysis of the total volume of

ISO 16232 series has been based on existing ISO International Standards such as those d¢veloped by

have been
cleanliness
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Road vehicles — Cleanliness of components of fluid circuits —

Part 1:

Vocabulary

1 |Scope

Thig part of 1ISO 16232 defines the vocabulary used in the characterization and-measurement o
confamination of parts, components, sub-assemblies and assemblies constituting-the fluid circuit
combustion engines of road vehicles.

Thig applies to all components that may come into contact with a ‘liquid (e.g. oil, fuel, air
refrigerant, coolant), a solid lubricant or a gas (intake air).

Unl¢ss otherwise specified, this International Standard deals ‘with particulate cleanliness only.

ther

It g
mar

NOT
ordg

2

The)
refe]
doc

ISO
cleg

ISO
1ISO

efore cover appearance defects or contamination by liquid:or gas materials.

overs the amount and the nature of residual .particulate contaminants resulting from
ufacturing processes and from the environment.

E This part of ISO 16232 also covers vocabulary that will not be applied in parts 2 to 10 of ISO 162
r to complement unified usage of wording in thefield of cleanliness of road vehicle components.

Normative references
following referenced documients are indispensable for the application of this document,
rences, only the edition| gited applies. For undated references, the latest edition of the

iment (including any amendments) applies.

14644-1:1999, Cleanrooms and associated controlled environments — Part 1: Classific
nliness

TS 16949:2002, Quality management systems — Particular requirements for the ap
9001:2000 for automotive production and relevant service part organizations

[ particulate
5 of internal

conditioning
It does not
the whole

32. Thisis in

For dated
referenced

htion of air

blication of

3

For

31

Terms and definitions

the purposes of this document, the following terms and definitions apply.

abrasive particle

part

3.2

icle liable to change the surface finish

active component
component which may set the fluid in motion or be activated by the fluid during operation, for example pump,
cylinder, distributor, injector, valve regulator

© 1SO 2007 — All rights reserved
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3.3
agitation
continuous

3.4

and/or irregular movement of a component

agglomerate
two or more particles which are in intimate contact and cannot be separated by gentle stirring and the small
shear forces thus generated

3.5

ambient contamination

contaminan

NOTE |
operators (g
component (

3.6
Automatic
automatic
APC
counter tha

3.7

ts that are found in the atmosphere surrounding the component

h an industrial setting, they originate from the atmosphere itself (e.g. atmospheric dust, ventilation),
xtile fibres, etc.) from transformation operations (grinding, welding, etc.) or from objects in contact with
working surfaces, containers, etc.).

Particle Counter
ight extinction particle counter

works on the light extinction principle

back scatt¢red electron detector

BSE detec
supply Sca
particles on

3.8
blank test
analysis ca

NOTE )
materials use

3.9

clean

state of cle
measured g

3.10
cleaning
industrial p

or
nning Electron Microscope (SEM) images with a high material contrast, used for the detectio
a membrane filter

ried out with the same operating conditions_as on the test component but without the componeg

[he blank test enables quantification of\the’ contamination brought in from the environment, processes|
d.

bnliness of a component or a fluid that meets the specified cleanliness level that is to say wi
leanliness level (CLm)1ower than or equal to the specified cleanliness level (CLs)

ocess forthe reduction of the quantity of contaminants present in a fluid, in or on a compo

until the specified eleéanliness level (CLs) has been reached

3.11

from
the

n of

and

th a

nent

cleaning ¢

o
UTVvVeC

progress curve of the cleanliness level of a fluid or component subject to cleaning

NOTE

3.12

This definition relates to industrial process which can use gas or liquid.

cleanliness
condition of a product, surface, device, gas, liquid, etc., characterized by the absence of particulate

contaminati

on
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3.13

cleanliness audit

methodical and independent examination with the view of determining whether the manufacturing process of a
product and all the relevant activities provide the assurance that the cleanliness level shall be effectively
obtained and/or maintained

3.14

Component Cleanliness Code

CCC

alpha-numeric expression of the cleanliness level (CL) of a component measured or specified by the particle
size distribution of the contaminants

31

clegnliness inspection
range of operations aimed at bringing as many contaminants as possible from a component to § measuring
equjpment for their analysis or quantification

NOTE It usually includes three steps: collection/conditioning of the component, (extraction and anglysis of the
confaminants.

31

clegnliness inspection equipment
all g¢quipment and products used to extract, collect and analyse thé-contaminants in order to dgtermine the
clegnliness level

3.1

cleanliness level
CL
ama@unt and/or nature of contaminant present on the controlled surfaces and/or in controlled vglumes of a
conponent

Seg Clause 4.
NOTE The term may apply to the presumed, specified or measured extent of contamination.

31
clegnliness specification
docpment that specifies the(cleanliness level required (CLs) for a given component along with|the agreed
insgection method

3.1¢
clegn room
room whose ambient particulate contamination level does not have negative effect on the |cleanliness
measurements

3.2(

cleanroom
roo ; d used in a

manner to minimize the introduction, generation, and retention of particles inside the room, and in which other
relevant parameters e.g. temperature, humidity, and pressure, are controlled as necessary

[ISO 14644-1:1999]
NOTE Used only to show the difference between clean room as defined in 3.19.
3.21

clean sampling container
sampling device cleaned and conditioned according to an appropriate and validated method

© 1SO 2007 — All rights reserved 3
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3.22

coincidence
presence of more than one particle in the sensing volume of an APC at the same time

3.23

collection equipment
any device (e.g. conical flask, beaker, tray, funnel, collection area of the spraying chamber) with a size and a

shape suite

3.24

d to the collection of all the extraction liquid draining from the test component

component

general tern

3.25

cleaning liguid

liquid comp
of the blank

3.26
container
any device

location (e.g. the production line) to the test location and/or to handle liquids during the test

3.27
contamina
undesirable

NOTE |

3.28
contamina
all contamirn

3.29
controlled
surface of g

NOTE 1

3.30

controlled
volume of §
or measure
NOTE T

3.31

surface area

n used to cover a part, a sub-assembly, a part assembly or a system fitted to a road vehicle

atible with the extraction sample used for conditioning of the analysis equipment and/or monitg
value of the analysis set-up

the characteristics of which allow the test component to be handled and transported fro

nt
substance which is in suspension in a fluid or in or on a.component

h ISO 16232, contaminant are particles as defined in 3.56:

ion
ants in a fluid, system or on a component

component subjected to cleanliness requirement and/or the subject of a cleanliness inspectior]
'he controlled surface area may differ from the wetted surface area defined in 3.79.
volume

component subjected to a cleanliness requirement and/or the subject of a cleanliness inspeq

ment

'he controlled volume may differ from the wetted volume defined in 3.80.

ring

m

tion

delay time

period of time between two data acquisition intervals during which the APC will not record the particles
passing through the sensor

3.32

detachable burr
burr which may become detached in specified conditions

3.33
determinat

ion of cleanliness

measurement of the particulate contamination (preferred term: cleanliness inspection)

© 1SO 2007 — All rights reserved
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3.34
dynamic size range
size range between the smallest detectable particle and the largest detectable particle

3.35
end-point sample
last sample in a series of repetitive samples producing a result that in less than 10 % of all the samples

3.36

energy dispersive system

EDX system

X-rgy detection system with which energy dispersive X-ray spectra are recorded for element analyg

S

3.3%
extraction
opefation required to transfer as many as possible of the contaminants present in a onhtrolled volume or on
the pontrolled surface of a component into a known volume of test liquid for a subsequent analysis

Seg extraction liquid (3.39).

3.3§
extraction curve
progress curve of the cleanliness level of an extraction liquid applied to the test component in relation to
extraction time or volume of test liquid passed through or over the.test component (see Figure 1)[ depending
on the type of liquid and test conditions (e.g. flowrate, pressure)

¢

—Q<

O

Key

1 measured cleanliness level (CLm)
2 extraction samples
3 blank level

Figure 1 — Extraction curve

© 1SO 2007 — All rights reserved 5
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3.39
extraction
test liquid o

3.40
extraction

liquid
nce loaded by contaminants extracted from the test component

procedure

method defining all the necessary parameters to transfer contaminants from either the controlled surface or
the control volume of a component into the test liquid, making the operation reproducible

3.4

extraction sample

test sampl¢

total amou
contaminan

3.42
extraction

nt of liquid to be analysed present in one or a number of sample containers carrying
ts extracted from a component

volume

total volume of liquid used to extract the contaminants from a component

3.43
fibre

long particlg with a large length/diameter ratio, for example > 30

NOTE 1 A

NOTE2 (
component g

3.44
generated
all contamir

3.45
functional
closed circy
provide sim

3.46

gel
material of

3.47

gravimetriq
measuremsg
to a specifig

3.48

ibres can be of different nature and shape.

Criteria for defining fibres should be established depending on\the specific cleanliness requirement o
nalysed. Fibres cannot be defined, as such, by APC (automatic'particle counters).

contamination
ants generated by the system in normal operation (e.g. wear debris, combustion soot)

test bench
it of test liquid onto which the test'eomponent is installed in order to be subjected to stresses
lar functions to those to which ‘it must be subjected to under final use operating conditions

brganic nature with.ngomechanical cohesion and deformable

E analysis
nt of thedmass of contaminants extracted from a liquid or a component and carried out accor
d method

the

the

br to

ding

in-built cor

itamination

all contaminants that are found in the component immediately after manufacture or assembly

NOTE

working environment.

3.49

ingested contamination
all contaminants introduced into a fluid system in operation (vent pipes, cylinder rods, cylinder breathers, etc.)
or during external interventions (fluid refilling, opening, etc.)

This results from transformation processes (grinding, painting, etc.) and washing and handling in a normal

© 1SO 2007 — All rights reserved
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3.50
inspection document
written description of the part or component cleanliness requirement and the agreed inspection method

3.51

inspection method
procedure for extraction and analysis of contaminant and data reporting that is used to evaluate the
cleanliness level of a component as specified by the inspection document

3.52
laboratory

faci
field

[1Sg

3.53
lig
red
sca

ity having the capability for performing inspection, test or calibration in the following, butno
s: chemistry, metallurgy, dimensionment, physics, electricity, reliability

/TS 16949:2002]
extinction

ction in intensity of a light beam passing through the sensing volume caused by absorf
tering of the light by particles

3.54
me

n flow pore size

MFPS
mean of the curve of the pore diameter differential distribution.when measured by air porometry

3.5
me
thin

3.57
part
nunj

3.58

part
X
siz¢

NOT

brane filter
(generally < 1 mm thick) filtering material made.ofiorganic material with a narrow pore size dis

3.5
particle
soligd material, removable in specified conditions and possessing mechanical cohesion

icle count

ber of particles counted by‘their size or other characteristics

icle size

of particle, x{as"defined by the particle's longest dimension, X (length, diameter or diagonal)

E Examples are shown in Figure 2.

t limited to,

tion and/or

ribution
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X
ot}
a

NOTE
3.59
particle size analysis
measuremg
3.60

particle size distribution
br differential number of particles as a function of particle size

cumulative

3.61

passive component

component
tank, etc.

3.62

pressure rinsing

method of

the controll¢d surface

3.63
rinsing
in productio

NOTE |

3.64

rinsing curEIe

in cleanlinegs’inspection, see extraction curve; in industrial process, see cleaning curve

Figure 2 — Examples of particle types

Vhen using an APC, the size of a particle is the diameter of the sphere with the same projected area.

nt of the size of a particle carried out according to a specified procedure and measuring metho

which does not set the fluid in motion and js not actuated by the fluid, for example connector, t

contaminant extraction using-<an“appropriate jet of test liquid under pressure to spray and/or f

n, operation for,the-reduction or elimination of liquid or solid residues

h laboratory, preferred term is extraction or pressure rinsing.

Lbe,

ush

3.65
sampling

action of extracting a representative part from a whole

3.66

scanning electron microscope

SEM

high resolution microscope which images a sample by scanning it with a focused electron beam

© 1SO 2007 — All rights reserved
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3.67

sensing volume
(Automatic Particle Counter) portion of the illuminated region of the sensor through which the liquid stream
passes and from which the light is collected by the optical system

3.68

son

otrode

mechanical component which transmits the ultrasonic oscillations produced by the transducer to the material
to be sonically treated

3.69

stabilization-period

timg
prio|

3.7(
sys!
circ
fluig

3.71
test
com

3.72
test
liqu
mar

NOT
3.73
turk

flow

NOT

whe

required to ensure that contaminants are put in homogeneous suspension and air bubbles ‘3
r to analysis

tem fluid
it fluid
(liquid, gas) added to a system for normal operation

component
ponent whose cleanliness level is to be determined

liquid

d of specified characteristics (e.g. viscosity, boiling point, cleanliness level, solvency) used t
y contaminants as possible from a component
E The term test fluid is not used in the International Standard.
ulent flow
of a fluid in which the movement of particles, in any point, varies rapidly in intensity and directi
E In a circular pipe, the flow is\turbulent when the Reynolds number (Re) exceeds 2300.
Re = 1 03p xdxv
n
e

p is the-flid density (kg/m3);

d , is'the equivalent pipe diameter (mm);

re removed

b extract as

The

istha fliid valacitv (/o)
To—tHE- oot rey— S

n s the fluid viscosity (10-3 Pa.s).

minimum linear speed to produce a turbulent flow (Re > 2300) is given by the relationship
y_2u
d

where s the fluid kinematic viscosity (mm?/s).
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3.74
ultrasonic
mechanical

3.75

vibrations with a frequency from 20 kHz to 400 kHz

ultrasonic transducer
electro-mechanical component generally made of piezo-ceramic materials which converts the electrical

oscillations

3.76

into mechanical vibrations

vacuum rinsing

method of
turbulent co

contaminant extraction using vacuum to flow the test liquid through the test componentqu
nditions

nder

NOTE Equivalent term: vacuum flushing.

3.77

validation

verification fthat an operation provides the correct function for which it is required or_that a product corr¢ctly
fulfils its furfction

3.78

washing machine

industrial g}sjipment providing removal of contaminants from the surface-of components by chemical, physical
and/or therinal action

3.79

wetted surface area

surface of § component exposed to the system fluid (e.g. watér, oil, air) as agreed between parties

NOTE If can be used for estimation of the impact of the tést surface on the total surface cleanliness.

3.80

wetted volume

volume of § component in which the system fluid (e.g. water, oil, air) is to be found in the end-use operating

condition ag
NOTE |

3.81
working fidg

agreed between parties

can be used for estimation(of the impact of the test volume on the total volume cleanliness.

w rate

the flow ratg¢ through the sénsor of the particle counter used for calibration and sample analysis

3.82
working vqg
improper te

lume
rm:See wetted volume

10
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