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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.
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Introduction

The reliability of fluid circuits depends largely on the quantity and size of the particles conveyed by the fluid.

The cleanliness of the operating fluid is obtained and maintained by filtration at a level consistent
with the sensitivity of the system components to particulate contamination and the life and reliability
required by the operator of the system.

The cleanliness of the system at start-up is dependent on the cleanliness of the components as delivered,
the amount of contamination added during the build process, the cleanliness of the hydraulic liquid
used to fill the system and how successful the liguid was in penetrating the clearances The amount of
contgmination added from these processes must be controlled to minimize the damagetq the system
during the initial running period. Cleanliness specifications are fundamental to this.

This| International Standard defines the terminology used in and the methad‘of reporting and
cominunicating the cleanliness of components used in aerospace fluid systems. This [will ensure
cons|stent and unambiguous reporting.

It al4o presents a coding system which allows cleanliness data to be/reported either in p shortened
manher or in a complete manner for communication purposes or for specifying cleanliness requirements.

© IS0 2013 - All rights reserved v
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INTERNATIONAL STANDARD

ISO 12584:2013(E)

Aerospace — Hydraulic fluid components — Expression of
particulate contamination levels

1 Scope

This International Standard defines the method of reporting and communicating the contamination (or
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3.4
particulate contamination
all undesirable particles which are in and on a component

Note 1 to entry: Expression to be used preferably to report measurements.

3.5
wetted surfaces
surface area of the component that is exposed to system liquid

EXAMPLE Hydraulic gear pump (see Figure 1).

Note 1 to entty: The wetted surface of a gear pump is the sum of the internal surfaces of the pump body (2 Il)lates
+ 1 gear houping with 2 ports) and of the external surface of the two gear wheels. The example showh gjves a
simplified illfistration and does not include all surfaces wetted by the hydraulic liquid.

%
Ac= _:,_/Z + 0 +
o ——°

Figure 1 — Diagrammatic representation of the\wetted surfaces of a hydraulic gear pumjp

3.6
wetted volyme
Ve
volume of flhid contained in the component during normal operation

EXAMPLE Hydraulic gear pump (see/Figure 2).
Note 1 to entfy: The wetted volunie'pof a gear pump is the volume of the gear housing minus the volume of the two

gears. The ejample shown givés-a simplified illustration and does not include all of the volumes filled with the
hydraulic liqiid.

Ve=

Figure 2 — Diagrammatic representation of the wetted volume of a hydraulic gear pump

2 © IS0 2013 - All rights reserved
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4 Principle

The particulate contamination of a component is expressed by a level related to the number of particles in
various size ranges and related to the wetted volume of the component. It is measured by counting particles
after they have been extracted from the component by an appropriate extraction method (see ISO 18413).

5 Characteristics of the component

5.1

General

The
clear
agiv

By d
of th
fluid

particles of given sizes present in a given volume of the component underanalysis.

5.2

5.2.1

5.2.1

5.2.1

5.2.1

luid cleanliness code of ISO 11218 has served as a basis for the drawing up of the
liness code. This fluid cleanliness code quantifies the number of particles of given'sizg
en volume (100 cm3) of fluid being analysed.

efinition, the contamination of a component is only present on its surfaces, Damage to

in circulation. For this reason, the contamination of a component is.quantified by th

Determination of the wetted volume
Experimental method

.1 Ensure that the interior of the component is dy

.3 Prepare a volume of test fluid (V1);known to within 1 %, of approximately 1,3 time

pres
com

NOTH
mass

5.2.1
comyj

5.2.1

5.2.1

med wetted volume of the component: The test fluid shall be compatible with the mate
onent and shall have a viscositybeélow 5 mmZ2/s at the test temperature.

It has proven to be practical to weigh this volume in its container, previously tarred, and
of test fluid by its density.

4 Carefully fill the component with test fluid, avoiding the trapping of air. To achieve th
onent gently in suitable directions so that all its parts are filled up. Add further test fluid 3

.5 Determine the volume (V7) remaining in the container of 5.2.1.3.

.6 Determine the volume (V) which has been required for the filling of the component:

component
s present in

components

e fluid circuit is caused only when particles detach from their surfaces anhd’are transferred to the

e number of

.2 Blank off all ports except one or more jfsiecessary in order to allow a complete filling.

s the
rials of the

to divide the

s, move the
S necessary.

Y

=V

5.2.2 Method of calculation

If the computer’s industrial drawing software possesses the function, calculate the wetted volume of

the c

omponent.

5.2.3 Relationship between wetted surface area and wetted volume

Where a cleanliness specification or a cleanliness measurement result is expressed per unit surface area
of the component, this value shall be calculated to the number of particles per unit volume of wetted
volume of the component using Annex A.
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5.3 Particulate contamination extraction

Extract the particulate contamination from the component using a method detailed in ISO 18413. The
extraction method chosen shall be fully validated for the component being tested.

Analyse the extraction liquid using a technique detailed in ISO 18413 and obtain data at some or all sizes
defined in Table 1, as specified in the Inspection Document. Present the data in terms of the differential
number of particles in the relevant size ranges per component.

Wherever possible, or if otherwise specified, the complete volume of the extraction liquid shall be analysed.
The reason for this is to ensure the large particles are not ‘lost’ in the sampling and preparation processes.

6 Expression of results

6.1 Requijred preliminary data

The expresgion of the level of particulate contamination of a component according te, this Internatjonal
Standard refjuires data on its wetted volume.

6.2 Pres¢gntation of the results

6.2.1 Particle size distribution

Tabulate thg data obtained in 5.3 in a suitable reporting sheet and.ealculate the numbers of particlgs per
100 cm3 of the component volume. A typical form is given in Afinex B.

4 © IS0 2013 - All rights reserved
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6.2.2 Component cleanliness code (CCC)

6.2.2.1 Table 1 specifies the maximum number of particles of each size class acceptable within

100 cm3 of wetted volume of the component. The code build-up defines the size, number, and particle
size distribution of the contaminants. It transcribes the values which specify the cleanliness of fluids ac-
cording to national aerospace fluid contamination standards.

Table 1 — Quantification of the contamination level of components

Maximum number of particles per 100 cm3
of wetted volume of component
Size fanges in jtma 5<ds15 | 15<ds25 | 25<ds50 | 50<ds10p.} fore than
Size fanges in pm(c)b 6<ds<14 | 14<ds21 | 21<ds38 | 38<dsvo | [ han
Size classes B C E F
00 125 22 1 0
0 250 44 2 0
1 500 89 16 3 1
2 1000 178 32 6 1
3 2000 356 63 11 2
4 4000 712 126 22 4
A Sy 5 8000 1425 253 45 8
6 16 000 2850 506 90 16
7 32000 5700 1012 180 32
8 64000 11 400 2 025 360 64
9 128 000 22800 4050 720 128
10 256000 45600 8100 1440 256
11 512 000 91 200 16 200 2880 512
12 1024 000 182 400 32400 5760 1024
a  MNeasured by microscopy~{manually, by image analysis or Scanning Electron Microscope), reporting the longest
dimehsion of particles.
b Neasured by APGs calibrated in compliance with ISO 11171, reporting the projected area equivalerft diameter of
partifles.
¢ Ihcluding fibres (particles larger than 100 pm whose length is 10 times its width).
6.2.2.27\TJo give all the required flexibility for the expression of cleanliness as a function of the needs
of the aerospace industry, the component cleanliness code can be expressed by all or part oflthe size

classes of Table 1.

This is illustrated by the example in 6.3.

When all the classes are specified, write the CCC as:
CCC=(B9/C11/D10/E8/F8)

If the same cleanliness level is present for adjacent sizes, it is permissible to join the size letters with the
number class, e.g. (.../EF8).

Where the cleanliness requirement only covers some of the standard sizes, report only those sizes
specified. For example, if two sizes are specified, write the CCC as:

CCC = (B9/C11)

© IS0 2013 - All rights reserved
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6.2.3 Component cleanliness class

Where the particulate contamination of a component is qualified by an overall value, it is possible to
express it by a single class number. For specifying cleanliness, the cleanliness level stated applies to all
sizes. When reporting cleanliness data, state the highest numerical value. In this case, write the CCC as:

CCC = (11)

6.3 Example

The cleanliness inspection per ISO 18413 of an electro-hydraulic directional control valve, whose wetted
volume is 3 [963TmS, gave the results given in Iabie 2. These data are then normalized to a voiuine of

100 cm3 and then the Cleanliness Level obtained from Table 1.

Table 2 — Component cleanliness analysis and cleanliness classes

Size class B C D E F

Number of particles
per component

3429342|2703955| 301980 12959 1783

Number of particles for

100 cm3 of wetted 86 534 68 230 7 620 327 45
volume of component
Cleanliness class 9 11 10 8 8

Depending ¢n how the cleanliness level is specified, write the component cleanliness code in one qf the
following ways:

a) Ifthe cleanliness specification includes all of the sizes detailed in Table 1, write the CCC as:
CCC=(B9/C11/D10/EF8)

b) If the cleanliness specification only includes some sizes detailed in Table 1, in this case C apd E,
write tHe CCC as:

ccC = (¢11/E8)

—
D
=

c) Ifthe cleanliness specification has the same cleanliness level for all of the sizes detailed in Tap
or reporting the highest values specified, write the CCC as:

CCC = (11)

6 © IS0 2013 - All rights reserved
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Relating wetted volume to wetted surface area of components

A.1 Volume-to-surface area (V/A) ratios (geometry factors)

volu

The };eometry of a hydraulic system may be characterized by its G factor, which is the ratie’pf its wetted
e (Vs) to its wetted surface area (As), thatis, G = Vs / As.

The geometry of a component may be characterized by its G’ factor, which is ®he ratio df its wetted
volume (Vc) to its wetted surface area (Ac), thatis, ¢’ =V / Ac.

The more complex the item, the smaller V/A is. Table A.1 shows typical values for variofis hydraulic

components.

Thesle values are used to calculate the wetted surface of a componentwhen G or G’ and the vplume of the
component are known. Reciprocally, they are used to transforfmya cleanliness statement rjeported per

surfdce area into a cleanliness statement for a volume.

Table A.1 — Typical values of V/A for yarious hydraulic components

Hydraulic component Typical value of V/A
Reservoir 1to5
Pipe 0,2
Cylinder 0,5t00,6
Pump 0,001 to 0,05
Valve 0,001
Complete filter 0,05to 2
€omplete system 0,2to 4

A.2 | From surface to

volume

To trpnsformearcleanliness level per unit wetted surface area (N/cm? or equivalent) to a cleapliness level
per ynit wetted volume (N/cm3), it is necessary to know the V/A ratio (cm3/cm2) of either th¢ component

or the subassembly or the system it is part of. In this case, (N/cm3) = (N/cm2) / (V/A).

A.3 From volume to

surface

To transform a cleanliness level per unit wetted volume (N/cm3) to a cleanliness level per unit wetted
surface area (N/cm2), it is necessary to know the V/A (cm3/cm2) of either the component or the

subassembly or the system it is part of. In this case, (N/cmZ2) = (N/cm3) x (V/A).

© IS0 2013 - All rights reserved
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Annex B

(informative)

Typical component particulate contamination analysis report

B.1 Laboratory identification

Date: rOperatos: rCompany:

B.2 Test comp¢nent identification

Type: Wetted volume V¢ = cm
Reference:

Supplier: Number analysed:

Prior external rjinse: o YES o NO Plugging caps: o YES o NO
Dismantling: o YES o NO Demagnetising: o YES o NO
Packaging or cqntainer rinsing: Analysis of shipmentliquid:

oYES oNO | o YES |oNO

Time between groduction o or shipment o & test ................ Hours

B.3 Test liquid|

Identification: | ___ | Kinematic viscosity: __________ mm?2/s | Temperature: _________ °C

B.4 Contaminant extraction procedure

o Agitation

|0 Pressure rinsing

o Ultrasonic agitation | o End-use simulation

Number of extr

hCTiONS: .ovveiceiee e

Total volume of fluid used: ...........ccceeee. mL

B.5 Contamindnt analysis technique

o Microscope

o Image analysis

0 Manufacturer: .......coeeevvevevveiieninens

Model: ...

o Transmitted

|o Reflected light o Magnification: .......c...c....

Membrane: ...... .

| Manufacturer..........

Pore diameter: .......c...c...... pum

| Material: ...cccocvvvrernnene

o Automatic pa

ticle counter

Manufacturer: |......cccoeverneenee | Counter model: .......ccoceovrnenene Sensor model: .......coccvrreiennne
Calibrated on: .J.....cceveeecrne o |per ISO 11171 |o Primary o Secondary
Sensor flow ratg: ........... . Volume per run: ............... mL Number of runs: .......ccoeveeeenne

Dilution:

|F1uid LYPEe: i

| Cleanliness level: .......cecu... Dilution ratio: ......cccceeuee

© ISO 2013 - All rights reserved
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