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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
Commissipn (TEC) 0N all matters o1 electrotechnical standardization.

Internationjal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart 3

Draft Interpational 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 member-bodies casting a vote.

Internationjal Standard ISO 11943 was prepared by Technical committee I1SO/TC 131, Fluid power systems,
Subcomm|ttee SC 6, Contamination control and hydraulic fluids.

Annexes A, B and C of this International Standard are for information only.
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Introduction

In hydraulic fluid power systems, power is transmitted and controlled through a fluid under pressure within an
enclosed circuit. The fluid is both a lubricant and a power-transmitting medium.

Reliable system performance requires control of the fluid medium. Qualitative and quantitative determination of
particulate contaminant in the fluid medium requires precision in obtaining the sample and determining the size and
distribution of the contamination.

Automatic pprticle counters are an accepted means for determining the size and distributionyof |particulate
contaminatioh in fluids. Individual instrument accuracy is established through calibration.

Automatic pgrticle counters are being utilized on-line to eliminate the need for samplg*-containers, fo provide
increased ag¢curacy, and to provide for a more rapid access to particle count information. This International
Standard estpblishes guidelines for calibration and validation of on-line automatic particle counters.
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Hydraulic fluid power — On-line automatic particle-counting
systems for liquids — Methods of calibration and validation

1 Scope

This Interr]
counting o

2 Norm

The followi
Internation

not apply.
possibility
the latest
currently v
ISO 1000:

ISO 1219-
Graphic s)

ISO 4021:
of an oper

ISO 5598:
ISO 11171
ISO 12103

ISO 16884
element.

ational Standard establishes a calibration and validation process for the use of on-line; auto
f suspended particles in liquids. A primary use is in the Multi-pass filter test ISO 16889.

htive references

ng normative documents contain provisions which, through reference'in this text, constitute pro
al Standard. For dated references, subsequent amendments to,.of revisions of, any of these p
However, parties to agreements based on this Internationalk Standard are encouraged to i
pf applying the most recent editions of the normative documients indicated below. For undate

Alid International Standards.
1992, S/ units and recommendations for the usesof their multiples and of certain other units.

1:1991, Fluid power systems and components — Graphic symbols and circuit diagraf
'mbols.

1992, Hydraulic fluid power — Particulate contamination analysis — Extraction of fluid samp
Aating system.

1985, Fluid power systems ‘and components — Vocabulary.
.—1), Hydraulic fluid-pewer — Calibration of automatic particle counters for liquids.
-1:1997, Road vehicles — Test dust for filter evaluation — Part 1: Arizona test dust.

:—2), Hydr&ulic fluid power — Filters — Multi-pass method for evaluating filtration performa

matic particle

Visions of this
Iblications do
vestigate the
d references,

edition of the normative document referred to applies.“Members of ISO and IEC maintaip registers of

ns — Part 1:

es from lines

ce of a filter

3 Terms-and-definitions

For terms

and definitions of terms, see ISO 5598.

4 Units of measurements

The international system of units (SI) is used in accordance with ISO 1000.

1) To be pu
2) To be pu

blished. (Revision of ISO 4402:1991)
blished. (Revision of ISO 4572:1981)
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Throughout this International Standard, the use of um(c) means that particle size measurements are carried out
using an automatic particle counter which has been calibrated in accordance with ISO 11171.

5 Prerequisite

It is assumed that users of this procedure are competent in the operation of their particular particle counter and filter
test equipment. It is also important that proper sample handling techniques be utilized throughout the procedure.

6 Test equiprment

6.1 Automalic particle counter(s)

or particle counter with two independent sensors for liquids

6.2 Calibratjon supplies, in accordance with ISO 11171.

6.3 ISO meflium test dust (ISO MTD) in accordance with ISO 12103-1, category A3, dried at 110 °C to|150 °C for

at least 1 h|land for use in the test system, mixed in the test fluid, mechanically agitated, then |dispersed

ultrasonically with a power density of 3000 W/m2 to 10000 W/m?2.

NOTE This|standard test dust is used in 1SO 16889 for filter test purposes. Forzavailability of ISO MTD, contact the 1ISO

secretariat service or national members of ISO.

6.4 Testfluid, as specified in ISO 16889.

6.5 On-line [sample preparation equipment , for mixing and supplying secondary calibration and validation fluid,

comprising

a) areservpir, pump, fluid conditioning apparatus and insttumentation which are capable of meeting thq validation
requirements of clause 9;

b) a clean{up filter capable of providing an initial fluid contamination level less than 5 particles grpater than
5 um(c) per millilitre;

c) a configuration which will not alter thecontaminant distribution over the anticipated test duratiop (refer to
ISO 168B9);

d) fluid sanppling sections in accordance with 1ISO 4021;

e) a configuration which wilD supply contaminated fluid to the particle counters under constant| flow and
temperature within the-imits of Table 1.

NOTE 1 A Mdlti-pass teSt yig (see 1ISO 16889) can be used provided it has been validated per clause 9 of this procgdure.

NOTE 2 An aljternative typical configuration which has proved to be satisfactory is given in annex A.

6.6 Hydraulle—€ireuit———eontaning—diuten—equipmentirequired foronline—counteradaptationto-the-Multi-pass

test stand.

For typical hydraulic circuit configurations which have proven to be satisfactory refer to annex B.

7 Accurac

y of measuring equipment and test conditions

7.1 Utilize measuring equipment with an accuracy within the limits in Table 1.
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Table 1 — Measuring equipment accuracy and test conditions

CAUTION|— Maintaining the accuracy of test conditions to within the limits of Table 1does not imply
by so doing the validation limits will be satisfied. It has been proven that the most(useful way in attai

the valida
using the

8 Off-li

8.1 Conduct a sizing calibration on particle counters when new/or after major service as suggested b
counter manufacturer or in accordance with ISO 11171.

8.2 Use

and sensar or use the manufacturer's recommended levels obtained in a similar manner.

9 Validgtion of on-line sample preparation equipment and determination of secon
calibratign standard

9.1 When two counters (sensors) @reto be used, the procedure described in this clause need only

using one

9.2 Use o¢ne particle countér,and sensor calibrated in accordance with 8.1 and set to the cumulative
least six dffferent threshold settings over the particle size range of interest.

9.3 Adjugt total fluidwolume, expressed in litres, in sample preparation equipment to the desired level

within + 1

Test condition Sl Unit Instrument Allowed test condition
accuracy variation
(z of reading)
Flow I/min 0,5 % 2%
Kinematic viscosity mm?2/s 1% 2%
Pressure Pa (bar) 1% 2%
Temperature °C 0,5°C 1°C
Time S 0,05s 0,1s
Volume | 0,5 % 1%
Mass g 0,1 mg 1%

ion requirements is by maintaining the accuracy of test conditions given in Table 1 along
broper particle counting procedures, etc.

calibration procedure

he procedures specified in ISO 11171 to determine particle concentration limits of each pa

(see Figuredl)

counter and sensor.

6. Maintain fluid viscosity at (15 + 0,3) mm?/s.

that
hing
with

y the particle

rticle counter

fary

pe performed

mode and at

Aand measure

9.4 Use 11 clean-up filter to provide an initial fluid contamination level less than 5 particles greater thalll 5 um(c) per

millilitre.

9.5 Determine the contaminant concentration to be used for calibration and verification. The dust concentration
should produce a maximum particle count at the lowest particle size of approximately 50 % of the particle counter
concentration limit determined in 8.2.

9.6 Add the required quantity of ISO MTD, prepared in accordance with 6.3, to the reservoir and allow to circulate
for approximately 15 min. Record the lot number of the ISO MTD.

9.7 Start the test by conducting on-line automatic particle counts (sample volumes of 25 ml are recommended) at
2 min intervals for 1 h or 30 intervals spaced evenly throughout the longest period of time that the system will be

used.
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Calibrate particle counter using
dust in accordance with
ISO 11171

Prepare suspension of ISO MTD
contaminant

©1SO

Conduct 30 on-line particle
counts

Compare standard deviations fo
acceptable values

Re-evaluate equipment, test
procedures, and
measurement accuracy

No

Acceptable

Yes

Compare reference (mean) counts
to those for primary calibration
contaminant (Table 3)

Figyre 1 — Flowehart for the validation procedure of on-line sample preparation equipment

9.8 Complete Tahle2 by filling in the required data for each of the raw particle counts observed. For ea
size thresholfl setting, calculate the mean, X, and also the standard deviation, o, of all the counts using th

equation:

No

Acceptable

Yes

Validation_complete

and determination of secondary calibration standard

h particle-
b following

n

i=1

IZInD2

195}

where

X

n is the total number of particle counts taken.

. Is the particle concentration for each threshold setting for sample i;
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Table 2 — Secondary calibration dust data sheet

ISO MTD lot no.: Concentration: mg/l Particle count volume: ml

Operator: Date: Particle counter model:

Particle counter serial no.: Sensor model:

Sensor serial no.: ISO 11171 primary calibration date:

Number of particles

Size, um(c) >

Count 1

Count 2

Count 3

Count 4

Count 5

Count 6

Count 71

Count §

Count 9

Count 1

Count 1

Count 1

Count 1

Count 1

Count 1

Count 1

Count 1

Count 1

Count 2

Count 2

Count 2

Count 2

Count 2

Count 2

(0]
1
2
3
4
5
6
7
Count 18
9
0
1
2
3
4
5
6

Count 2

Count 27

Count 28

Count 29

Count 30

Mean

o

Acceptable o
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9.9 Calculate the acceptable standard deviation for each particle size by using the following equation:

O acceptable = 2 4 X +0,0004 X2

NOTE This acceptable standard deviation is based on 2 times the average standard deviation obtained in the round robin
study (see annex C).

©1SO

9.10 Accept the validation if the standard deviation for each particle size is less than or equal to the acceptable
standard deviation for that size, then proceed to 9.13.

9.11 Ifthe
the sample
equipment.

9.12 Calcul
by the fluid vi

eparation equipment and procedures, the fl
ake appropriate action and repeat the procedure from 9.3 to 9.10.

hte the particle concentration per ml for each particle size threshold setting by dividing the n
blume counted.

e-evaluate
ne particle

ean count

9.13 Conveft the counts obtained in 9.12 to a number per ug (number per ml for 1 mg/l) by dividing by the sample

concentratio

, in milligrams per litre. Record these reference counts in column 3 of Jable 3.

9.14 Record, in column 2 of Table 3, the particle count (number per microgram) for the contaminant us

primary calib

9.15 Calcul
following eqy

Calibrat

NOTE Theqg
distribution) as

9.16 Accep
primary calib

NOTE Thes
number used

9.17 When
counters for

Allowab

The maximu
count.

ration in 8.1.

hte and record, in column 4 of Table 3, the acceptable calibration limits for each particle size
ation:

on limit = 0,37 (calibration count in column 2 of Table 3)0'85

e calibration limits for agreement are based on“a 5 % variation in particle size together with 1
determined by the round robin study conducted’(annex C).

the equipment validation and reference counts if the reference counts are equal to the
Fation contaminant given in column'2 of Table 3 within 1,3 times the limits in column 4 of Tab

e reference counts define the particle size distribution of the secondary calibration contaminant (the
n 9.5) and these counts will(be tsed in clauses 10 and 11 for secondary calibration and verification.

multiple counters or-sensors are being used, calculate the allowable variation between
pach particle sizebased on the following equation, and enter in column 5 of Table 3:

e variation £0;6 + 0,05 (calibration count in column 2 of Table 3)

M allowable particle count difference between counters shall be less than 10 % of the me

ed for the

using the

o (Poisson
counts for
e 3.

specific lot

bENSOors or

AN particle

NOTE The variation between counters is based on 2,5 o (Poisson distribution) as determined by the round robin study.

10 On-line secondary calibration and verification procedure

(see Figure 2)

10.1 Perform an on-line calibration verification after each primary calibration and at a maximum of six-month
intervals or when particle count discrepancies are suspected or observed.

NOTE When two particle counters (sensors) are being used, calibration and verification should be carried out on one counter
(sensor) using the procedures in 10.1 to 10.10 then the second counter (sensor) should be adjusted to match the first in
accordance with 10.11.
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Table 3 — Particle counts for ISO MTD

[All counts are cumulative and based on 1 pg (counts per millilitre for 1 mg/l) of ISO MTD.]

ISO 11943:1999(E)

Col. 1 Col. 2

Col. 3

Col. 4

Col. 5

Particle size Primary calibration
contaminant
um(c)

(see 9.14)

Reference counts
for ISO MTD lot
no.

(see 9.13)

+ Calibration limits

(see 9.15)

Variation allowed
between counters

(see 9.17)

N|ojlo|lb~]|lw N

10

12

14

15

20

30

distribution)) as determined by the round robin study.

NOTE 1 The above calibration limits for agreement are based.on a 5 % variation in particle size together wit 1 o (Poisson

NOTE 2 The variation between counters is based on 2,5 o (Poisson distribution) as determined by the round robin with a
maximum gllowable particle count difference between counters of + 10 % from the mean.
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Prepare ISO MTD
suspension using
certfified secondary
dust from clause 9

Conduct three on-line
particle counts

Compare reference
(mean) colints to counts
for prim3ary calibration
conffaminant

Qounts
accpptable?

sensors?

No

No

Verify fest
parametfers and
particle counter

thresholds

Yes

Yes

Compare mean
counts for
each sensor

On-ling calibration
is [verified

Are counfs
within limits?

Adjust sensor
calibration
(threshpld
settings)

Has second
validation
failed?

Figure Z — FlowcChalt O procedure Tor on-line calipration verircation
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10.2 Use on-line sample preparation equipment which has been validated in accordance with clause 9 within the

last 24 mo

nths.

10.3 Use only ISO MTD from the lot which has been certified as a secondary calibration lot in accordance with
clause 9 (see Table 3).

10.4 Prepare a calibration verification suspension in accordance with the procedure described in 9.3 through 9.6.

10.5 Set the particle counter at desired particle size threshold settings, but only those for which reference particle
counts have been established in accordance with clause 9 (see Table 3).

w rate used

10.6 Alloy+the-ealibration-verification-suspensiontopassthrough-the-particlecountersensorat-thef
for the primary calibration.

10.7 Perform an actual verification at several particle sizes covering the range over which the cg
utilized.

NOTE

n

10.8 Obtain a minimum of three consecutive on-line particle counts (after the counts-have stabilized).

10.9 Calg
setting by
Record thg

10.10 All
minus the

terpolation of threshold settings between verified points is allowed, however, extrapolation is never all

ulate the average counts per microgram (particles per millilitre for 1_mg/l) for each particle s

e value obtained in Table 4.

particle counts obtained in 10.9 should be equal to thekreference counts in column 3 of Ta|
calibration limits in column 4 of Table 3, for each particle size counted.

unter will be

bwed.

ize threshold

dividing the average count by the sample volume counted (ml) and the sample concentration (mg/l).

ble 3, plus or

NOTE The above calibration limits for agreement are based ofl a 5 % variation in particle size together with 1 o (Poisson

distribution

10.11 When both upstream and downstream counters (sensors) are being used, the second sens

as determined by the round robin.

pr should be

calibrated [using the same calibration-verificationssuspension as the first by adjusting the threshold sgttings of the
second cojunter (sensor) such that the average.counts per microgram (also recorded in Table 4) match the average
counts for|the first counter (sensor) within the.allowable variation given in column 5 of Table 3 for each) particle size
counted.

NOTE It}s recommended that the precedure in this subclause be repeated with sensor locations switched (upstream versus
downstream).

10.12 If the particle countssobtained in 10.9 are within the limits set, verification is complete an¢l proceed to
clause 11.

10.13 If fhe particlefgounts obtained in 10.9 are outside the limits set, after taking corrective action, prepare
another ifdependent)secondary calibration suspension and repeat the verification procedure descfibed in 10.4
through 1Q.12.

Ensure that:

a) the proper sensor flowrate is being used,;

b) the particle size threshold settings are correct;

c) the fluid is completely degassed,;

d) the sample weights, volumes, etc. are correct.

10.14 If the particle counts from the verification obtained in 10.13 are still outside the limits set, adjust the particle

counter calibration (threshold settings) by following the procedure specified in 1SO 11171 except using the
secondary calibration fluid supplied on-line along with the reference counts specified in column 3 of Table 3.

10.15 Co

nduct a calibration verification by repeating the procedure described in 10.4 through 10.12.
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ISO MTD lot no.:

Operator:

Table 4 — Data sheet for calibration verification

Concentration: mg/l Particle count volume: mi

Date: Particle counter model:

Particle counter serial no.:

ISO 11171 primary calibration date:

©1SO

Particle counts

Size, um(c) >

Upstream se

Model and S/N:

nsor:

Count 1

Count 2

Count 3

Average

Average/ug

10.9)

Downstream
Model and §

Sensor:
N:

Count 1

Count 2

Count 3

Average

Average/ug

10.9)

11 On-ling

dilution system validatieon  (see Figure 3)

11.1 Perforin a validation of the,-on-line dilution system, where used, at the same frequency as

verification.
11.2 Use di
per millilitre,
counts.

11.3 Valida

calibration

ution fluid which has been filtered to a cleanliness level of less than 5 particles greater than 5 um(c)

Linless it ¢an be established that a higher level will not add more than 1 % error to the result

e(first at the minimum dilution factor to be used.

ng particle

11.4 Prepare an ISO MTD secondary calibration suspension in accordance with 9.3 to 9.6 but at a level equal to
(50 £ 10) % of the concentration limits found in 8.2 times the dilution factor selected.

NOTE As an example, for a 2 x dilution factor (1 part diluent:1 part suspension), use a sample concentration equal to 2 times
50 % of the counter concentration limit.

11.5 Set the particle counter(s) at a minimum of six particle size threshold settings covering the range of interest.

11.6 Using the dilution factor selected, obtain a minimum of three consecutive one-minute particle counts (after the
counts have stabilized) for each sensor and calculate the average count of the diluted sample for each particle size.

10
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Select minimum dilution
factor to be validated

Prepare suspension of
ISO MTD af a
concentration of 50 % of
saturation fimes dilution
factor

Conduct three on-line
particle counts with
dilution

Check equipment,
procedures, and
measurement accuracy

Compare mean particle
counts to reference counts
and compare both sensors

Validate at other dilution
ratios including maximum
and two intermediate values

Do they agree No

within limits?

Have four dilution No

ratios been
validated?

Validationwis successful

Figure 3 — Flowchart of the procedure for on-line dilution system validation

11.7 Calculate the average counts per millilitre for each particle size threshold setting, dividing the average count
by the fluid volume counted, in millitres.

11.8 Convert the counts obtained in 11.7 to a number per microgram by dividing by the sample concentration
(mg/l) and multiplying by the dilution factor. Record in Table 5. Use separate data sheets for both upstream and
downstream sensors where used.

11.9 All particle counts obtained in 11.8 should be equal to the reference counts in column 3 of Table 3, plus or
minus the calibration limits in column 4 of Table 3, for each particle size counted. In addition, when upstream and
downstream counters are being used, the average counts from the two counters (sensors) shall agree within the
allowable variation given in column 5 of Table 3, for each particle size counted.

11
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11.10 Repeat the procedures given in 11.4 to 11.9 at the maximum dilution factor to be used and at least two other

intermediate

dilution factors within the total dilution range of the system.

12 Precautions

12.1 On-line particle counting using ISO MTD for particle sizes greater than 40 um(c) requires extreme caution to
ensure against particle settling. Calibration at the maximum particle sizes to be used shall be verified
on-line (see clause 10).

12.2 Testing—coarsefitters—with—on=time—countersreguires—higherditution—factors—which—recessitates

higher-accur

12.3 Dilutio
undetected [
under these

12.4 When
counted.

hey flow measurement.

N is required when particle counter concentration limits are exceeded. High, -concen
articles may influence particle counts at measured sizes and higher dilution fagtors shoul
conditions.

on-line dilution is required, the dilution fluid should be the same fluid type as the test

12.5 The pilesence of free water or air in the test fluid to be analyzed will_have a detrimental effect

Precautions

12.6 |Isolate]

12.7 Electri

12.8 Flow p
accumulators

12.9 Minimi
extracted fro
should be obj

12.10 Valvd
by the valve.

12.11 Systg
or partially
built-in or reli

Ehall be taken to eliminate these variables.
the particle counter sensors from mechanical vibration to.prevent vibration-induced errors.
Cally isolate the particle counters from other large equipment to prevent electrical noise influe

ulsations due to pump ripple may cause erroneous particle counts. Damping can be provide
if they are included in the system verification.

ke all line lengths and maximize flow~rates to result in low lag times (the time from the sa

M the Multi-pass test stand until it is.sensed by the particle counter). A count lag time of less
tainable. Lag times of upstream.and downstream sensors should be within 10 s of one anoth

adjustment should be képtyto a minimum during operation to reduce errors due to particle

matically back-flush each sensor to help insure that they are not plugged or partially blocke

able indicators to show that this condition is occurring.

he use of

rations of
d be used

luid to be

DN results.

Nces.

d by small

nple being
than 30 s

er.

peneration

1. Plugged

locked sensers\will cause erroneous particle counts and not all particle-counting equipment have

12
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Table 5 — Data sheet for validation of on-line dilution equipment

ISO MTD lot no.: Particle count volume: ml Date:

Is this sensor to be located upstream or downstream of the test filter?

Particle counts

Size, um(c) >

Concentration: mg/l
Dilution factor:

Count 1
Count 2
Count 3
Average/|g (11.8)

Concentration: mg/l
Dilution fgctor:

Count 1
Count 2
Count 3
Average/|g (11.8)

Concentration: mg/l
Dilution fgctor:

Count 1
Count 2
Count 3
Average/|lg (11.8)

Concentration: mg/l
Dilution fgctor:

Count 1
Count 2
Count 3
Average/jg (11.8)

13 Identfification statement

On-line particle counting systems calibrated and verified in accordance with 1SO 11943:1999, Hydraulic fluid
power — On-line automatic particle-counting systems for liquids — Methods of calibration and validation.

13
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Annex A
(informative)

Typical on-line calibration and validation system design information guide

A.1 General

A.1.1 On-lin
equipment tg

Al2 ltisi
validation red

A.1.3 Ther

e calibration and validation requires a validation procedure to determine the acceptab
perform the desired function.

ntended that this annex provide some basic guidance in constructing equipmentwhich wil
uirements of this International Standard.

bader is cautioned that this annex provides only guidelines for construction and in no way (

successful validation of the equipment.

A.2 On-lin

e sample preparation equipment

The schematic of a typical set-up is shown in Figure Al.

A.2.1 Line
All lines shou
A.2.2 Fittir
Fittings shou
A.2.3 Line

Lines and fit
to horizontal.

A.2.4 Valv

Ball valves 4
action. The Vi

A.2.5 Res

The reservoi

|72}

Id be sized for turbulent mixing flow and long straight'runs should be avoided.
gs

d not have internally exposed threads or lips which may be contaminant traps.
5 and fittings

ngs should be arranged to eliminate dead flow zones and where possible, vertical runs are

S

ire preferable to.other types of valves as they are not contaminant traps and have a se
alves should enly’be used in the full on or off positions and not for flow control.

BIVoir

with & small volume, typically less than 10 I, should be constructed with a conical bottom dig

included ang

le-of not more than 90° with the entering test fluid diffused below the fluid surface. Note

reservoir volUTMES Thay CausSe a proptent i accuratety weighing the Tequired quantity of testdust:

A.2.6 Clean-up filter

©1SO

lity of the

meet the

uarantees

preferable

If-cleaning

playing an
that small

The system clean-up filter shall be capable of providing the required initial system contamination level. A filter rated
at < 4,5 um(c) (B = 75) is recommended.

A.2.7 Heat exchanger/heater

Depending upon the system design, cooling or heating of the system fluid may be required. A conventional shell-
tube type heat exchanger with oil flowing through the tubes, or a reservoir with a double jacket in which a
temperature-controlled fluid is circulated, is recommended for cooling or heating the test fluid. This is to reduce the

possibility of

14
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Key
1 Conicallreservoir (60° to 902 included angle) with precisely controlled 7  Automatic particle counter sensqr
volume 8  Flow meter
2 Centrifugal pump 9  Flow diffuser
3 Clean-up filter 10 Ball valve (not to be used for floyv regulation)
4 Back-pressure valve 11  Pressure gauge
5 Heater | heat exchanger 12  Check valve
6 Automalic particle counter sensor

NOTE Calibration stand can be made portable (on wheels) so it can be brought to the on-line automatic partidle counters as
required for calibration and/or verification.

CAUTION — Two sensors in series may cause problems due to cavitation if the pressure drop in the first sensor is too
high.

Figure A.1 — Example of a system for on-line calibration and validation
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Annex B
(informative)

Hydraulic circuit design information guide for on-line counter adaptation
to a Multi-pass test stand

B.1 General

B.1.1 On-line particle counting (with or without dilution) during a Multi-pass test requires adaptation tg the Multi-
pass test stand and pre-test validation of the set-up to determine the acceptability of the equipment to perform the
desired functjon.

B.1.2 It is intended that this annex provide some basic guidance in constructing equipment which will meet the
validation requirements of this International Standard.

B.1.3 The reader is cautioned that this annex provides only guidelines for construction and in no way quarantees
successful VI:idation of the equipment.
B.1.4 Schelnas of three typical set-ups which have been proven to be.successful are shown in Figures B.1 to B.3.

B.1.5 The system component design guide for the on-line sample preparation equipment, given in annex A, should
be followed fpr the on-line counting and dilution system.

16
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Figure B.1 — Example of the circuit number 1 for an on-line counter adaptation to the Multi-pass test stand
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Serial dilution 1 000 x (as shown in Figure B.2) Suggested: pumps 4 (20 to 50) ml/min — Sample
pumps 3 (180 to 240) ml/min — Dilution

\VA/\
AR\ w

\Ar\vw

0,45 pm

Key

1, 2 Automat|clevelled chambers (pressurized) Totalizing micro-oval flow meters
Frommvultrpass
Regulated air

Sensor

3 Tandem perrstattic ditotiormpumps
4 Tandem peristaltic sample pumps
5
6

wn © op N

Static mixers and expanded chamber
Transfer pump (automatic demand)

NOTE Systems as shown are required for upstream and downstream sampling.
Pick off point A may be moved to point B or C to give 100 x or 10 x dilution.
Pressure points A, B, C and D to be the same.

Figure B.2 — Example of the hydraulic circuit number 2 for on-line counter adaptation
to Multi-pass test stand
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1, 1

H H P 3
|

11 | 1L

A+ L H > 3
B +
C +
E 1 | |
2 |
4
+ = = D=L D
T @ > 7 \I/
Key Ports
1  Flow control A Upstream sample
2 Mixer B  To test reservoir
3  Sensor C Downstream sample
4  Test stand connection D Topump
E Dilution pump

Figure B.3 — Example of the hydraulic circuit number 3 for on-line counter adaptation
to Multi-pass test stand

ISO 11943:1999(E)
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Annex C
(informative)

Summary of ISO round robin study for on-line calibration and validation

©1SO

The following are conclusions drawn from the on-line calibration and validation round robin study conducted for
ISO/TC 131/SC 8/WG 9. Comments are given on each major step and the data and summaries are included at the
end. Outliers have been excluded from the statistical results presented; however, the complete results are given in

the Tables C

Each particig
mixed with N
ensure cons
calibration o
validation. T
Association f

There were 3
Original ACH

Prior to recal

laboratory's ¢xisting calibration in accordance with ISO 4402. The results, included in Table C.1, showed

scatter with 4

Data after re

1to C.8.

ant was supplied a set of calibration suspensions containing 2,5 mg/l of AC fine test)dus
IIL-H-5606 hydraulic fluid in accordance with the procedures of 1SO 44023). Thesé .were s
stency of the primary calibration. Each participating laboratory was then asked {to"conduct
n their counters then follow the procedures of ISO/WD 11943 to conduct an_eh-line calib
he results were all sent, coded so as not to reveal the laboratory, to the National Fl
pr analysis.

total of 21 laboratories submitting data from the round robin study representing eight countri
TD calibration

ibration with the supplied ACFTD calibration suspensions; the suspensions were counted
CV varying from 12 % to 62 % with the highest being‘at the 40 um size.

calibration with ACFTD

After recalib
generally un
recalibration

In general, th
Secondary ¢

The seconds
passing the

Figure C.1 s
study. Thesg
by the fluid v
the particle ¢

ation using the ACFTD suspensions supplied, the variations, shown in Table C.2, were m
er 10 % CV with as low as 2 % to 4 % forl'um to 5 um particle sizes. The deviation of the ¢
from the published ISO 4402 counts was less than 9 %

e calibrations were successful.
hlibration

ry calibrations summarized in Tables C.3 and C.4 were generally successful with 93 % of
equirements specifieehin 9.9 and 9.10.

nows all the particle count data submitted during the secondary calibration phase of the r
data were allcollected with on-line particle counting and are reported as total counts prior
blume counted or the suspension concentration. The typical standard deviation shown in Fig
bunts is-based on the total mean counts, X, and can be expressed as:

| (ACFTD)
upplied to
a primary
ration and
Lid Power

using the
Substantial

Lch lower,
bunts after

the results

bund robin
to dividing
ire C.1 for

O typical

= (J% + 0,000 4 X2

The acceptable standard deviation for validation is based at two times the typical standard deviation as expressed

above.

Particle counts for ISO MTD

The mean reference counts obtained for ISO MTD and shown in Table C.5 were extremely close to the previously
reported counts (those included in column 2 of Table 3 in ISO/WD 11943). All the counts agreed with less than 5 %

variation.

After exclusion of apparent outliers, 97 % of laboratories passed the requirement specified in 9.14.

3) To be cancelled and replaced by ISO 11171 (see clause 2).
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On-line calibration verification

Generally the laboratories successfully passed the on-line calibration verification as shown in Table C.6.
Approximately 90 % of the laboratories passed the checks for the upstream and downstream sensor calibration as
well as the check on relative differences between the upstream and downstream sensors.

Based on the results of the round robin study, the final calibration limits were set to a 5 % variation in particle size
together with one standard deviation of the total count.

On-line dilution validation

Only six lal .7 and C.8. Most
laboratorigs did not use dilution for the Multi-pass testing and therefore did not validate their dilution| systems. Of
those submnitting data, approximately 90 % of the laboratories passed the validation requirements-}flaljoratory no. 2
is eliminatgd, 96 % to 98 % of the laboratories pass the requirements.

Generally,|the dilution validation procedure appears to be successful.
Conclusions

Based upon the successful completion of each phase of the round robin study by nearly 90 % of the participating
laboratorigs, it is concluded that the procedures contained in this International Standard are valid.
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Figure C.1 — Standard deviation in relation to count from the secondary calibration
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Table C.1 — Original ACFTD calibration data
Average number of particles/ml > size, um
Lab no. Prior to recalibration
1 2 3 5 7 10 12 15 20 30 40
1 4 458 2138 987 267 174 100 47,1 14,6
1 4 384 2014 967 256 167 96 43,8 14,3
2 2 346 1207 622 304 45,8 3,1
2 2321 1226 612 297 45,5 2,8
3 nodata
3 no data
4 Not performed
5 4270 3250 2 360 1271 394 247 71,0 20,0
6 3546 2108 1 066 607 252 7 34,4 10,4
6 3298 2048 1020 568 238 66 33,0 9,9
8 4061 2 660 1427 796 381 243 131 58,6 18,2 7,7
8 4 337 2821 1496 806 371 234 125 53,9 15,y 7,0
9 4 455 3278 2655 1400 758 388 273 164 74,5 38, 19,3
10 1880 828 373 253 140 65,0 20,0 10,0
11 3638 1376 404 162 73,0 11,0
11 3696 1 366 402 154 69,0 10,0
12 2 836 2177 1042 479 357 212 88,0 35,0 23,0
12 2821 2209 1027 478 342 217 89,0 34,0 20,7
13 4730 1808 491 189 93,7 11,1
13 5839 4 698 3307 1688 946 444 329 198 95,9 21,4 7,0
14 3121 2025 1075 308 99 36,9 5,1
15 4973 2914 4 103 280 103 63,3
15 4170 2785 1 008 265 92 46,5
16 3899 2932 1875 670 283 137,3 22,4 4,3
19 4764 3 665 2-469 1267 747 370 248 138 56,8 15,0 5,5
22 3 866 2597 1 356 369 131 59,7 18, 7,2
22 3489 2535 1313 354 124 56,7 17,2 6,9
24 3078 1234 696 299 16,
24 3 267 1236 648 316 15,2
26 2935 1391 355 214 58,3 4,9
26 2575 1397 382 2T 64,9 5,6
27 4145 2492 1094 280 57,0 8,0
27 3930 2 406 1098 299 59,0 8,0
28 4 409 2970 1425 765 357 229 129 55,4 14,6 51
28 4 238 2863 1398 763,2 357,5 228,3 128,7 55,7 14,9 5,5
Mean 4 664 3776 2599 1370 764 359 256 145 63,0 18,6 8,8
CcVv 12 % 14 % 14 % 24 % 19 % 25 % 23 % 35 % 34 % 44 % 62 %
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Table C.2 — Data after recalibration with ACFTD
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