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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

In hydraulic fluid power systems, power is transmitted and controlled through a liquid under pressure
within an enclosed circuit. The fluid is both a lubricant and a power-transmitting medium. Reliable
system performance requires control of the contaminants in the fluid. Qualitative and quantitative
determination of the particulate contaminants in the fluid medium requires precision in obtaining
the sample and in determining the contaminant particle size distribution and concentration. Liquid
automatic particle counters (APCs) are an accepted means of determining the concentration and size
distribution of the contaminant particles. Individual APC accuracy is established through calibration.

This —nternationat—Standard—establishes—a—recommended—standard—ealibrationr—precedure for
detefmining particle sizing and counting accuracy. The primary particle-sizing calibratjomis conducted
using NIST SRM 2806 suspensions with particle size distribution certified by the Unitéd\States’ National
Instifute of Standards and Technology (NIST). A secondary calibration method withtracealjility to NIST
usesjsuspensions of ISO MTD which are independently analysed using an APC calibrated by|the primary
metHod. Concentration limits are determined through the use of serial dilutions of a cpncentrated
suspension. Operation and performance limits are also established using this.International Standard.

© ISO 2016 - All rights reserved v


https://standardsiso.com/api/?name=0f5864d5ee74ba8de0af0b84b3f99bb2



https://standardsiso.com/api/?name=0f5864d5ee74ba8de0af0b84b3f99bb2

INTERNATIONAL STANDARD ISO 11171:2016(E)

Hydraulic fluid power — Calibration of automatic particle
counters for liquids

1 Scope

This International Standard specifies procedures for the following:

a) primary particle-sizing calibration, sensor resolution and counting performancécdf automatic
article counters (APCs) for liquids capable of analysing bottle samples;

b) gecondary particle-sizing calibration using suspensions verified with a primary calibrated APC;
c) ¢stablishing acceptable operation and performance limits;
d) Yerifying particle sensor performance using a truncated test dust;

e) determining coincidence and flow rate limits.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referjences, the latest edition of the referenced document (including any amendments) applies.

ISO 3722, Hydraulic fluid power — Fluid sample-¢ontainers — Qualifying and controlling cleaning methods
ISO 3598, Fluid power systems and components — Vocabulary
ISO 12103-1, Road vehicles — Test dust for filter evaluation — Part 1: Arizona test dust

[SO 16889, Hydraulic fluid power.~~ Filters — Multi-pass method for evaluating filtration performance of
a filter element

3 Terms and definitions

For the purposes,ofithis document, the terms and definitions given in ISO 5598 and the follpwing apply.

31
automatic particle counter
APC
instruient that automatically counts and sizes individual particles suspended in a flu|id, typically
relying on optical light scattering or light extinction principles of particle sizing

Note 1 to entry: An APC consists of, at a minimum, a particle sensor, a means for delivering a known volume of
sample to the sensor at a controlled rate, a signal processor, an analyser that compiles the sensor output for the
sizes of individual particles into particle size distribution and a means for outputting particle size distribution
results for the sample.

3.2

threshold noise level

minimum voltage setting of an automatic particle counter at which the observed pulse-counting frequency
does not exceed 60 counts/min due to electrical noise in the absence of flow in the sensing volume

© IS0 2016 - All rights reserved 1
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3.3

sensing volume

portion of the illuminated region of the sensor through which the fluid stream passes and from which
the light is collected by the optical system

3.4

resolution

measure of the ability of an automatic particle counter to distinguish between particles of similar, but
different, sizes

3.5
coincidence-errortimit
highest con¢entration of NIST RM 8632 that can be counted with an automatic particle counter, With an
error of lesqy than 5 % resulting from the presence of more than one particle in the sensing(voluine at
one time

3.6
working flogw rate
flow rate through the sensor used for sizing calibration and sample analysis

3.7
particle size
projected afea equivalent diameter of particles as determined using stanning electron microscopy or
as determined using a calibrated liquid optical single particle automatic particle counter

Note 1 to enty: Unless otherwise stated, an APC used for particle size‘determination is calibrated in accordlance
with this Intdrnational Standard.

Note 2 to entfy: NIST uses scanning electron microscopy to determine the projected area equivalent diamejter of
particles in itls reference materials.

3.8
particle size distribution
number congentration of particles, expressed as a function of particle size

3.9
primary calibration
sizing calibrfation conducted using NIST standard reference material 2806x

Note 1 to entfy: The procedure isspecified in Clause 6.
Note 2 to ently: For details of NIST standard reference material 2806%, see 4.4.

3.10
secondary calibration
sizing calibrfation\eenducted using calibration suspensions

Note 1 to entity:
with Annex F.

4 Materials and equipment

4.1 Polystyrene latex spheres, nearly monodispersed in aqueous suspension. Polystyrene latex
spheres with a nominal diameter of 10 pm are required in Annex D for resolution determination and
polystyrene latex spheres with other nominal diameters larger than 50 pum are required in Clause 6, if
size calibration for particle sizes of 50 pm and larger is performed. In certain situations, it may also be
useful to use additional sphere sizes. Regardless, the coefficient of variation of each polystyrene latex
sphere size shall be less than 5 %. The supplier of the polystyrene latex spheres shall provide a certificate

2 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=0f5864d5ee74ba8de0af0b84b3f99bb2

IS0 11171:2016(E)

of analysis with each batch, which indicates that the sphere particle size has been determined using
techniques with traceability to National or International Standards.

Once opened, suspensions of polystyrene latex spheres shall be used within three months unless the
size distribution and cleanliness of the suspension have been verified.

NOTE 1

described in D.13.

NOTE 2

Polystyrene latex spheres in aqueous suspension have a limited shelf-life. Shelf-life is a

variety of factors including temperature and microbial contamination of the suspension.

The size distribution and cleanliness of polystyrene latex spheres can be verified using the method

function of a

4.2

gives
0,59
be ol

4.3
fluid

Clean dilution fluid, consisting of the test fluid used in ISO 16889 and an antistatic
a conductivity of 2 500 pS/m = 1 000 pS/m at room temperature. The fluid shall-eont
h of the number of particles equal to or larger than the smallest particle size of interest
served in the samples.

hdditive that
hin less than
expected to

Clean aerosol OT dilution fluid, to determine sensor resolution in Ahnex D (the clean dilution

specified in 4.2 is used for all other operations in this International Standard). It is pr

a concentrate made by adding 120 g of aerosol OT to each litre of ¢clean dilution fluid (4.

conc
dilut
of a€
dilut

CAU
data

Aero
has 4

4.4
whel|
susp

NOTH

4.5
temp

4.6
temp

4.7

entrate to about 60 °C and stir until the aerosol OT has completely'dissolved. Prepare th
on fluid by diluting the concentrate with clean dilution fluid((4.2) to a final concentr3
rosol OT per litre. The clean aerosol OT dilution fluid shall\meet the same cleanliness

on fluid specified in 4.2.

ION — Follow the precautions for safe handlingand usage described in the mate
sheet (available from the supplier of the aeresol OT).

50l OT (dioctyl sulfosuccinate, sodium salt).isa waxy, hygroscopic solid. If it appears td
bsorbed water prior to use, dry it first for-at least 18 h at about 150 °C.

NIST standard reference material 2806x (SRM 2806x) primary calibration
e x is the letter used by NIST t0 designate the batch number of the certified primary
bnsion, available from NIST. Primary calibrations shall use SRM 2806.

ISO/TR 16144 describes'the procedures used to certify the standard reference material

NIST reference material 8631 (RM 8631) dust, prepared by drying the dust for at 14
erature between”110 °C and 150 °C, required if secondary calibration is to be performe

ISO medimmn test dust (MTD) in accordance with ISO 12103-1, dried for at lea
erature.between 110 °C and 150 °C before use.

NIST reference material 8632 (RM 8632) dust, prepared by drying the dust for at

tem

epared from
2). Heat the
e aerosol OT
tionof 12 g
levels as the

rials safety

be damp or

suspension,
/ calibration

SRM 2806.

ast18hata
d (see 6.1).

5t 18 h at a

least 18 h a

arttura hotwoon 110 °C and 150 °C haofarea tco if raauirad for dotoarmination af caine
etiiebetwWee a1 v—dhia1ov—BeteFeUsSe egHHeator—aete i HRdtt O+—CcOHhHE

dence error

limit

NOTE

5 I T Ot

or in Annexes B, C and E.

The reference materials specified in 4.4, 4.5, 4.6 and 4.7 are created using “living” documents that

may change as new batches are produced. Users of this International Standard are advised to ensure that they
are using the latest batch available.

4.8

Automatic particle counter (APC) for liquids, with bottle sampler.

4.9 C(lean sample containers, with closures (appropriate bottle caps, for example), and volumetric
glassware of at least class B. The cleanliness levels of the sample containers, closures and glassware
shall be less than 0,5 % of the number of particles (larger than the smallest particle size of interest)
expected to be observed in the samples. The cleanliness levels shall be confirmed by ISO 3722.
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4.10 Mechanical shaker, such as a paint or laboratory shaker, suitable for dispersing suspensions.

4.11 Ultrasonic cleaner, with a power density of 3 000 W/m2 to 10 000 W/m?2 of bottom area.

4.12 Linear-linear graph paper or computer software for generating graphics.

4.13 Log-log graph paper or computer software for generating graphics.

4.14 Analytical or electronic balance with the following minimum specifications:

a)
b)
<)
d)

5

readability: 0,05 mg;
accuracly (agreement with true mass): 0,05 mg;
precisign (repeatability): £0,05 mg;

front or|side doors and a covered top to eliminate the effect of air currents.

Sequence of APC calibration procedures

5.1 See Fjgure 1 for a recommended sequence of steps to be féllowed when performing g full
calibration qn a new APC. Conduct the procedures of this clause whena new APC is received or following

the repair

readjustment of an APC or sensor (see Table 1). Preceed to Clause 6 if neither thel APC

nor the sengor has been repaired or readjusted, if no detectable change in the operating characterjstics

has occurre

since the last sizing calibration was performed, or if the APC has been subjected tp the

procedures fin Annexes A, B, C, D, and E and the results have been documented. The specific order of
Annexes and Clauses specified in Figure 1 and Table 1 ar‘e'recommendations. The operator may follow a

different order, as long as all required parts are performed.

NOTE1 Amnnexes A, B, C, and D can be performed'by an individual laboratory or by the manufacturer ¢f the

APC prior to felivery.

A change in the operating characteristics of the APC can be detected by several different methods,

including byt not limited to the following:

a)

b)

c)
d)

using particle data from contrel'samples collected over time and a statistical process control dhart,
such asfn individuals movingrange (IMR) chart, to detect significant changes in calibration;

comparjng calibration{curves over time to detect a significant change in calibration;
returning the APC t0'its manufacturer for evaluation and assessment of the change in calibratjon;

analysing a primary or secondary calibration suspension in accordance with 6.2 and 6.3,|then
comparjng the resulting particle concentration data to the corresponding particle size distribfition
for the |sample. If the results agree within the limits for the maximum allowable Dq givén in
Table C.2, the ability of the APC to size and count particles has not been significantly affected. If the
results do not agree, a significant change has occurred and the operator is instructed to proceed as
indicated in Table 1;

analysing a primary or secondary calibration suspension and resulting data as described in item
d), then analysing an ISO UFTD sample prepared in accordance with Annex A, then comparing
the resulting particle concentration data with the limits given in Table A.1. If the results agree
within the limits given in Table A.1, the ability of the APC to size and count particles has not
been significantly affected. If the results do not agree with the limits of Table A.1, the APC has
experienced a significant change and the operator is instructed to proceed as indicated in Table 1.

NOTE 2  For the purposes of this subclause, repair or readjustment of an APC refers to service or repair
procedures that affect the ability of the APC to accurately size and count particles.

© ISO 2016 - All rights reserved
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If the light source or any part of the optics is adjusted, repaired or replaced, the procedures of Clause 6
and Annexes A, B, D, and E shall be repeated.

If the sensor or counting electronics is adjusted, repaired or replaced, the procedures of Clause 6 and
Annexes A, B, C, D, and E shall be repeated.

If the volume measurement system is repaired, replaced or readjusted, the procedures of Annex A shall
be repeated.

It is not necessary to repeat these procedures following normal cleaning procedures, the attachment of
cables or peripheral equipment, the replacement of plumbing lines or connections, or following other
operations that do not involve dicnccpmh]y of the APC_sensor or volume measurement syst

m.

5.2 | Perform the preliminary APC check, which includes volume accuracy, in accordance w

5.3 | Determine the coincidence error limits of the APC in accordance with Annex\B.

5.4 | Perform the sizing calibration procedure in accordance with Clause 6:

5.5 | Determine the flow rate limits of the APC in accordance with Aanhex C.

5.6 | Determine the APC resolution in accordance with AnnexD:

5.7 | Verify the particle-counting accuracy in accordance with Annex E.

5.8 | In order to conform to the requirements of this International Standard, the APC shal

folloyving:

a) Ile calibrated in accordance with 5.4;

b) eet the volume accuracy, resolutionand sensor performance specifications determing
and 5.7;

c) e operated using the caljbration curve determined in 5.4 within the coincidence er

rrate limits determined in'5:3 and 5.5.

th Annex A.

include the

bd in 5.2, 5.6

or and flow
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Preliminary
procedures
(Annex A)

Have
preliminary
procedures been

No

performed?

!

Perform sizing
calibration
(see Clause 6)

!

Determine flow
rate limits
(Annex C)

!

Determine
resolution
(Annex D)

!

Verify particle-
counting accuracy,
(Annex E)

Calibration completed

Y
Perform preliminary YesA strument
instrument check | changed?
(Annex A) !
Determine
coincidence error —
limit (Annex B) Perform sizing

calibration

(see Clause 6)

Figure 1 — Sequence of APC calibration procedures
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Table 1 — Schedule of APC calibration procedures

IS0 11171:2016(E)

Relevant Clause and Annexes of this International Standard

Clause 6 Annex A Annex B AnnexC | AnnexD | AnnexE
APC status? Sizing Preliminary |Coincidence| Flow rate |Resolution| Accuracy
calibration | APC check |[errorlimits| limits
procedure

New APC or existing APC not
calibrated to this X X X X X X
International Standard
Last ealibration-wasnere = — — — — -
than/6 m to 12 m ago
Susplicion that calibration has < . - . QO -
changed significantly
Opti¢s (1nclud1ng light source) < . < o . <
repajred or readjusted
Senspr or counting
electronics repaired or X X X X X X
readjusted
Volume measurement
components (e.g. flowme-

— X — — — —
ter, Qurette, level detectors)
repajred or readjusted

Senspr cleaned

No-action necessary

Cables or peripheral
equipment attached

No action necessary

Plumbing lines and
connections replaced

No action necessary

Operation performed that

does|not involve disassembly
of AJ
mea

C, sensor or volume
urement system

No action necessary

a

and ¢
secoq]
to th
allow
do nd

Repair or readjustment refers only to service or repair procedures that affect the ability of the APC to accurately size
ount particles. In order to verify the ability of an APC to accurately size and count particles, analyse
dary calibration suspensionsin accordance with 6.2 and 6.3, then compare the resulting particle conc¢ntration data
b corresponding particle size distribution for the sample. If the results agree within the limits given for the maximum
able Dq in Table C.2, the“ability of the APC to size and count particles has not been significantly affected. If the results
tagree, proceed asfindicated in this table.

a primary or

6

6.1

calib

$izing calibration procedure

Refer to Figure 2 for a flow chart describing the sizing calibration procedure. Condugt the sizing
ration every three to six months, when a new APC is received, or after the repair or rE

adjustment
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of an APC or sensor. For primary calibrations, use NIST calibration suspensions (see 4.4). For secondary
calibrations, use calibration suspensions prepared in accordance with Annex F.

. . Use secondary
Is this a primary calibration
calibration? samples
Use NIST SRM 2806
primary calibration
samples
r--—-——">"®>"">""™"7"/=—"™""™>"7"™—" 1 r———""""""""7""—"—""”" " 1
I B | |
Prepare and |
analyse sample I
|
|
|
|
Are data Take corrective __Jl
acceptable? action

Mathematically
describe results

Were three
samples analysed?

L_ |  Choose new No

threshold settings

Choose 18 different
particles sizes

!

Construct
calibration curve

A
Sizing calibration
completed

Figure 2 — Sizing calibration procedure

After a suitable calibration history for an APC and sensor has been developed, the frequency of
calibration can gradually decrease, but the time interval between successive calibrations shall not
exceed one year.

All phases of the calibration shall be conducted at the same flow rate. The flow rate limits of the APC are
determined in Annex C. Any data obtained at flow rates outside these limits shall be discarded and the
corresponding part of the procedure repeated using the proper flow rate.

Conduct the sizing calibration using the same sample volume used in 5.2. If a different volume is used, the
procedure in 5.2 shall be repeated using the new sample volume to avoid volume measurement errors.

8 © IS0 2016 - All rights reserved
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It is recommended that the threshold noise level of the APC be determined using the method in A.2
before proceeding to 6.2. If the threshold noise level has changed by more than 30 % since the last time
it was determined, this can be an indication that the calibration of the APC has changed and the APC is
in need of repair. Failure to check the threshold noise level before proceeding to 6.2 can result in lost
time spent trying to calibrate a defective APC and invalidation of particle count data.

6.2

a)

b)

)

Prep
the s

disp

The
thre

or sd
betw
softy

6.3
turn

Obta
the s

Calc

whe

The
fort

Set the APC to the cumulative mode and, using at least six different channels, set the threshold
voltage as follows:

the lowest threshold setting shall be at least 1,5 times the threshold noise level of the APC, this

determines the minimum detectable particle size;

1
4
q

he highest threshold setting is limited by the working-voltage range of the ARC
APC manufacturer to determine this), the particle size distribution and the) vol
alibration sample;

intermediate threshold settings shall be chosen to cover the size range ofiinterest.

are a calibration suspension sample for analysis. Shake the samplé yigorously by h
pample ultrasonically for at least 30 s and then shake it on a mechanical shaker for at 1

¢rse the dust in the liquid. Continue shaking the sample until it jsito be analysed.

brocedure described in 6.2 to 6.8 assumes manual calibration of an APC with a sma
hold settings. Alternatively, calibration can be performed using a multichannel ana
ftware that follows the same procedure. If an MCA ds‘used, it is essential that the

9

yare and MCA methods tend to be faster and more-accurate than manual methods.

Degas the sample under vacuum or ultrasdnically until the bubbles rise to the surfac

n at least five consecutive particle counts, each consisting of at least 10 mL and 10 00(
mallest threshold setting.

ullate the total number, N, of particles counted for each channel using Formula (1):

N =5XV

Ire

4
h

is the mean'particle concentration, in particles per millilitre, for the five counts for
lar channel;

4

I isithe sample volume, in millilitres, for a single count.

yaltie of N shall be greater than or equal to 1 000 in order to ensure statistically signif

[consult the
ume of the

hnd. Agitate
ast 1 min to

1 number of
[yser (MCA)
relationship

een the measured voltage of the MCA and the APC threshold setting be first established. In general,

e and gently

the sample bottle over at least five times, taking care not to introduce air bubbles into the liquid.

particles at

)

a particu-

cant results

hat particular channel.

Calculate Dq, which is the difference expressed as a percentage between the minimum, Xpin, and

max

imum, X%, observed particle count for each channel, using Formula (2):

_ Xmax ~

Dq= min . 100

X

(2)

Record in Table 2, the threshold voltage setting, particle concentration data, X , and Dq for each channel.

Using Table C.2, find the maximum allowable difference expressed as a percentage corresponding to

the value of X for each channel. If the value of Dq is less than the maximum, then the value of X for
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that channel is acceptable for use. If there are at least six channels with acceptable data, proceed to 6.4.
If not, examine the results of any unacceptable channels as specified in the following.

Calculate Dg using Formula (3):
_ Xmax ~ Xmin

D, = (3)

[Xo =Xy

where

Xo isthe observed particle count of the suspected outlier (either Xmax or Xmin);

Xy is tlLe observed particle count closest in value to Xp.

If Do for a particular channel is less than 1,44, discard the related outli_er data point, Xp, tecalculate X

using the remaining four data points, and use the recalculated value of X for calibration purposes/If Dg
for a particuilar channel is greater than 1,44, data from this channel are not acceptable and sh3ll be
discarded. If there are at least six channels of acceptable data (using the Dq and Dy criteria), procegd to
6.4. If not, tgke appropriate corrective action and repeat 6.1 to 6.3.

If Nisless tan 1 000 for any channel, the data for that channel shall not be used. If sufficient numbgrs of
particles coynted is the only quality criterion thatis not met, change thelthreshold settings to correspond
to particle sjzes that yield sufficient counts, or repeat 6.1 to 6.3 using-a larger sample volume.

Primary and secondary calibration samples shall not be collected.and reused.

NOTE Other failures to meet the quality criteria can arise froma number of sources, including contamihated
dilution fluid|or glassware, volumetric errors, calculation errors; operating too close to the threshold noisq level
of the APC, of bubbles in the samples. Flow rate variability’due to counting while the sample chamber is peing
pressurized ¢r due to other sources also leads to problems. Particle settling can occur. If excessively high st{rring
rates are usefl, particles can be centrifuged out or bubbles can be introduced.

10 © IS0 2016 - All rights reserved
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Table 2 — APC particle sizing calibration worksheet (see 6.3, 6.8 and A.9)

APC Model Date

Serial number Operator

Sensor type Model Calibration sample

Serial number Lot number

Noise level Flow rate mL/min Concentration

First calibration suspension Calibration suspension identification number

Threshold setting
Count 1
Count 2
Count 3
Count 4
Count 5

X (particles/mL)
Dq
Secand calibration suspension Calibration suspension identification number

Thrgshold setting
Count 1
Count 2
Count 3
Count 4
Count 5

X (garticles/mL)
Dq
Thind calibration suspension Calibration suspension identification number

Thrdshold setting
Count 1
Count 2
Count 3
Count 4
Count 5

X (particles/mL)
Dq

6.4 Plot the particle concentrations (in particles larger than the indicated size per millilitre) versus to
the corresponding threshold settings, in millivolts, on a log1g-log1o graph using only the acceptable data
points (as determined in 6.3). Use appropriate statistical regression techniques to define the relationship
between concentration and threshold setting.

6.5 Determine the expected particle concentrations for at least six different particle sizes using
the appropriate particle size distribution data for the calibration samples. Using the mathematical
relationship determined in 6.4, determine the threshold setting expected to yield these concentrations.
Do not extrapolate to sizes outside the range given in the particle size distribution data. If any of
the threshold settings are less than 1,5 times the threshold noise level of the APC, choose particle
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concentration data for a larger size that yields an acceptable threshold setting. Set the threshold settings
of the APC to these values.

NOTE Throughout this International Standard, reference to size distribution data refers either to particle
size, concentration and standard deviation tables available for NIST calibration suspensions or to size,
concentration and standard deviation data obtained in Annex F for secondary calibration suspensions.

6.6 Repeat 6.1 to 6.5 using at least six different threshold voltage settings, but use all acceptable data
(as determined in 6.3) from both samples to determine the relationship between particle concentration
and threshold setting in 6.4 and 6.5.

e all
lveen

6.7 Repea|t 6.1 to 6.5 once more using at least six different threshold voltage settings, butcus
acceptable data (as determined in 6.3) from all three samples to determine the final relationship bet
particle congentration and threshold setting.

6.8 Const
threshold s¢
particle size
in 6.3 to 6.
concentratig
constructed
samples tra
using prima
um(c) and

| the
riate

‘'uct a calibration curve using the relationship between particle congentration ang
tting determined in 6.7. Choose at least 18 different particle sizes from the appropg
distribution data. Choose only particle sizes that fall within the size fange actually obsgrved
/. Record in Table 3 these 18 sizes in units of pm(c) and um(b)~and the corresponding
ns and threshold settings (determined using the concentration yersus threshold setting plot
in 6.7), where um(c) refers to particle sizes obtained using primary or secondary calibration
Ceable to NIST SRM 2806 or NIST SRM 28064, and um(bJ\refers to particle sizes obtgined
y or secondary calibration samples traceable to NIST.SRM 2806b. Particle sizes in unijits of

(b) are mathematically related by Formula (4):

d

C

=0,4 (4)

98d,

where d. is the particle size given in units of pum(c) and\dy, is the particle size given in units of um(b).

Use this forula to convert pm(b) sizes to pm(c)sizes for sizes smaller than or equal to 38 um(b) when

NIST SRM 2
sizes given
versus part
interpolatio

Some appliq
calibrate AH
user is caut
most likely §

B06b traceable calibration samplés:are used. For sizes greater than 38 pm(b), the pa
n pm(b) and um(c) are numerically equivalent. Plot the corresponding threshold set

"ticle
tings

cle size. Use the statistical wegression technique to define the calibration curve and for

h. Do not extrapolate to sizes outside the size range used for calibration.

ations may require calibration at larger particle sizes than are reported in SRM 280
Cs for counting particles larger than 50 um(c), ISO 21501-3 should be used. In any cas
oned that counting larger-sized particles is subject to many sources of error. Amon
ources of errgr are: a) the settling of large particles during all phases of sample collec

6. To
b, the
o the
tion,

handling ar
typically loy

[SO 21501-3

d analysis,.and b) the inherently poor particle-counting statistics resulting from the
y concentrations of large particles in hydraulic fluid samples.

is arparticle size calibration method that uses monodispersed polystyrene latex sphergs. In
contrast, the calibration method described in this International Standard is a count calibration mdthod
using a polydispersed—testdust-—Bothmethodsdetermine—theretationshipbetweenrAPE-threshold
voltage and particle size. A particle size calibration method, such as ISO 21501-3 can be used for
particles larger than 50 um(c) because the NIST particle size distribution used in this International
Standard is also based on the projected area diameter of the particles. The signal detected by APCs for
particles larger than 50 pm(c) is not strongly dependent on the refractive index of either the particle or
the liquid.

If a calibration method based on a polystyrene latex sphere suspension is used, the polystyrene
latex spheres shall have a size traceable to national or international standards and have a coefficient
of variation of less than 5 %. The polystyrene latex spheres shall be suspended in MIL-PRF-5606[11]
hydraulic fluid using the procedure described in Annex D (if the particles are supplied in aqueous
suspension), or mixed directly into MIL-PRF-5606[11] using ultrasound to disperse the particles (if the
particles are supplied dry).
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Table 3 — APC calibration summary

APC Model Date
Serial number Operator
Sensor Model

Serial number

Noise level Sample volume mL Flow rate mL/min
Cvyvol % Flow rate limits mL/min
Coincidence error limit particles/mL
SR Y Taute %%
SL pum Ry, %,J\Q)
d um R 9%
Sizing calibration /\'\ -
Calibjration sample Lot number '\r\'\
Size Threshold setting Olb@ved particle comcentration
um(c) um(b) mV &\\VJ Particles/m[.
& O)
)
-
@\
St\"
K\
v
xQ
O
&)
W
oY

(02)
\J

PN

")
&

Q

Veriﬂicay'@g particle-counting accuracy

C)\ Size Expected particle concentration | Observed particle copcentration
pum(c) um(b) Particles/mL Particles/m'L

5 5,6

10 11,1

7 Data presentation

7.1 Report all particle sizes obtained using an APC calibrated in accordance with this International
Standard, in one of the following ways:

© ISO 2016 - All rights reserved
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b)

7.2 Retairn] completed Tables 2, 3, B.1, C.1, and E1 on file for inspection.

8

as “um” or “micrometres”, with the following statement: “The sizes quoted in this document were
obtained using an APC calibrated in accordance with ISO 11171 and calibration samples traceable
to NIST SRM 2806x” where “x” is the NIST SRM 2806 batch identification letter of the primary
calibration samples used to establish traceability for the APC calibration;

as “um(c)”, where the sizes were obtained through the use of an APC calibrated in accordance with
ISO 11171 using calibration samples traceable to NIST SRM 2806 or SRM 28064, or were obtained
through the use of an APC calibrated with ISO 11171 using calibration samples traceable to NIST
SRM 2806b and the resultant um(b) sizes mathematically converted to um(c) sizes using Formula 4;

as “um(b)”, where the sizes were obtained through the use of an APC calibrated in accordance with

ISO 111"/1 3 Ll A2 1 i L1l A NICT CDNM 2001
L uolus Cadliulrdativll oaulylco LI dlUTAdUITU LU INIO T OINIVlI 40OUUD.

Identification statement

Use the follpwing statement in test reports, catalogues and sales literature when electing to comply

with this Infernational Standard:

“Calibration| of liquid automatic particle counters conforms to 1SO 1¥17%, Hydraulic fluid power —

Calibration ¢f automatic particle counters for liquids.”

14
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Annex A
(normative)

Preliminary APC check

A.1 Figure A1 is a flow chart of the preliminary APC check procedure. Conduct the preliminary APC

CheC whan-anrnaur ARC ic racaiuad ox follovinagtha ranaie o paadinctiaont of 2 ADC oy SERSOT.
W e W et S e ee v et B oo YW H St e e P B rea st et a1 561301,

Determine
threshold noise
level

Determine
sample volume

!

Prepare RM 8632
concentrate

Y +

Prepare dilution
of concentrate

!

Prepare particle
Counter

vy

Analyse diluted
sample

|
|
|
|
|
I
|
]

Have five
particle counts
been obtained?

Obtain
another count

Calculate
coefficient of variation

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

Is coefficient of
variation
less than 3 %?

No Take tive
action

Yes
Preliminary APC
check completed

Figure A.1 — Preliminary APC check procedure

A.2 Determine the threshold noise level of the APC under no-flow conditions with clean dilution
fluid (4.2) in the sensor. Ensure that the noise levels do not differ significantly for all the channels of
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the APC. If significant differences occur, readjust the APC. Record the APC and sensor model and serial
number, the date and the threshold noise level of the first channel in Tables 2, 3, B.1, C.1 and E1.

For APCs that use pulse height analysers (as opposed to comparator circuits), determine only the first-
channel threshold noise level. Contact the APC manufacturer in order to determine the type of APC
being used (pulse height analyser or comparator circuit type).

NOTE The APC manufacturer can provide guidance on how to determine the threshold noise level
described in A.2.

A.3 Determine the sample volume actually counted during a particle-counting run using a method with

traceability
particle con

NOTE Cq

0 a nationat or International standard. Record IS vatue 1 1abie 3 and use 1t to cal
Centrations in all subsequent work.

ntact the APC manufacturer in order to determine an appropriate method of determinin|

sample volunpe.

A.4 Prepa
a)

accurat
sample

b) fill the

dilution|

e an RM 8632 concentrate of about 100 mg/1 as follows:

bly weigh out the required amount of dry RM 8632 (0,1 mg) and transfer it to a
bottle;

bottle about three-quarters full with an accurately medsured amount (*1 mL) of
fluid.

late

g the

Clean

lean

Calculate the mass concentration of dust, ya, in milligrams\per litre, in the concentrate yising

Formula (A.]D):
1000m
YA — (A.1)
/0

where

m is tIe mass, in milligrams, of RM,8632;

Vo is tlhe volume, in millilitres, of clean dilution fluid.
The RM 8632 concentrate prepared in this annex is also used to determine the coincidence error ljmits
(Annex B) and flow rate-Jimits (Annex C) of the APC, as well as to verify particle-counting accyracy
(Annex E). For this reason, special care shall be taken in determining the dust concentration df the
concentratef and to-enpsure that the concentrate is not contaminated. Failure to do so can cauge an
otherwise spitable’APC to be deemed unacceptable for use.
A.5 Coverlthe bottle with a clean closure and vignrnnc]y shake the concentrate hy hand Dispers the

RM 8632 concentrate ultrasonically for at least 30 s and then shake it on a mechanical shaker for at least
60 s to disperse the dust.

A.6 Calculate the amount of concentrate required to prepare a dilution that is about 25 % of the
concentration limit for the sensor recommended by the manufacturer. The number concentration
corresponding to a particular mass concentration can be estimated from Table A.1. Add accurately the
required amount of concentrate and clean dilution fluid to a clean sample container in order to obtain the
correct total volume of diluted RM 8632 suspension. Put a particle-free closure on the sample container.
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Table A.1 — Particle size distribution for sensor performance verification (see A.6 and B.4)

. . Particle concentration (particles/mL greater than indicated
Particle size size for a 1 mg/l sample of RM 8632) shall be
Hm(c) greater than or equal to less than or equal to
5 3300 4500
6 1500 2500
7 660 1400
8 280 760
9 120 410
10 58 220
11 28 120
12 14 63
13 74 34
14 4,1 19
15 2,3 11

A.7 | Set the APC to the cumulative mode. Set the lowest thresholdsetting of the APC to 1,5 times the
threqhold noise level of the APC. Using clean dilution fluid, adjustthe flow rate to the workipg flow rate.
Recolrd the flow rate in Tables 2, 3, B.1, C.1, and E.1.

All of the procedures shall be conducted at the same flow rate. The flow rate limits of the APC are
detefmined in Annex C. Any data obtained at flow rateS‘outside these limits shall be discafded and the
corr¢sponding part of the procedure repeated using the proper flow rate.

A.8 | Disperse the particles as described in A.5-Degas the diluted sample under vacuum or uftrasonically
until|the bubbles rise to the surface. Obtain«five consecutive particle counts of at least 10 00 particles
in the first channel for each measured sample volume. Calculate the coefficient of variation for volume

meagurement, Cyyo], using Formula (A:2):

N¢ Ne ?
2
Ne D XIC DX
100 i-1 i1

oo == | (4.2

o

c(Ng-1)

where

Nc is thenumber of consecutive particle counts performed (i.e. five);

is$ the mean particle concentration, in particles per millilitre, for the five counts;

X; isthe mean particle concentration, in particles per millilitre, observed for count i.

A9 The Cyyo shall be 3 % or less in order for the APC to be acceptable in accordance with this
International Standard. Record the Cyyo] in Table 3.

Although the Cyyol is considered to be a measure of the ability of the bottle sampler to reproducibly
deliver the indicated volume of fluid, other sources of variability, including sample handling and the
counting accuracy of the APC, are also included. Regardless of the source of variability, the Cyy, shall
be 3 % or less before proceeding with the calibration.
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Annex B
(normative)

Coincidence error procedure

B.1 Figure B.1 is a flow chart of the coincidence error procedure. The coincidence error limit shall be

determined mwhep-arewARCHsreceived-eraftertherepairorreadiustment-ofan-ARPC-orSsenser
wHeH-aRew-AroiSFecetveaorarcerte repatroerreaajusStne Rt oo oF-SeRseF

The magnitide of the coincidence error at a given particle number concentration is governed by the
physical dirhensions of the sensing volume, as well as the particle size distribution of ‘the sample,
including thpse particles too small to be counted. The coincidence error limit determined in this Annex
shall be regarded as a benchmark indicator that is useful for routine analyses. For othexr work, multiple
dilutions of h sample shall be analysed to establish that the particle size distribution.of the sample|does
not yield a pprticle number concentration significantly different from that determined using this Apnex.
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Prepare particle
counter

/

Prepare dilutions of
RM 8632 concentrate
between 0 % and 150 % of
recommended particle number
concentration limit

IS0 11171:2016(E)

Flush sensor with
next dilution

Analyse next dilution

Is
dilution less than 150 %
of recommended
concentration
limit?

Plot results

Plot.regtession
linefor0,% to 40 %
dilutions

Y

Calculate theoretical
numbers of particles

!

Calculate percentage
difference from
theoretical

!

Plot line with
slope of 95 % of
regression line

Do results cross
95 % line?

Coincidence error limit
is the concentration
where data crosses

95 % line

/

Coincidence error limit
is the recommended
concentration limit

Y
Goincidence error limit determin%

Figure B.1 — Coincidence error determination procedure

B.2 Set the APC to the cumulative mode. Choose a threshold setting corresponding to 1,5 times the
threshold noise level of the APC or corresponding to the smallest particle size of interest if it is greater

© ISO 2016 - All rights reserved
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than 1,5 times the threshold noise level. Set the remaining channels to higher settings arranged in

ascending o

rder.

B.3  Adjust the flow through the sensor to the working flow rate (see A.7) using clean dilution fluid.

Flush the se

nsor with at least two 150 mL batches of clean dilution fluid.

B.4 Prepare dilutions of the concentrate prepared as in A.4 which are 10 %, 20 %, 30 % ... to 150 %
of the particle number concentration limit recommended by the manufacturer for the sensor. Table A.1
can be used to estimate the mass of RM 8632 necessary to obtain the required particle number
concentration. Calculate the required amount of concentrate, V1, in millilitres, needed for each dilution

using Formuy

ist
Xa

Disperse t
concentrate
order to att:

B.5 Samples shall be analysed in order of.ificreasing particle number concentration and par

dispersed aj
until the buk
and gently tj

liquid. Obtain five consecutive particle;ecounts of at least 10 mL for each measured volume.

Evaluate th
Table B.1 th

particle nun
If Dq is too ]
B.4 and B.5

20

is the particle number concentration, in particles per millilitre, of the concentrate.

tar B
[ VS L
0Xx

A

e particle number concentration limit, in particles per millilitre, réeommended by the]
ufacturer;

e final volume, in millilitres, of the diluted sample;

e percentage of the limit recommended by the manufacturer;

V1, and clean dilution fluid (4.2) containing antistatic additive to the sample contain
in the correct total volume. Put particle=free closures on the sample containers.

specified in A.5. Prior to counting) degas the diluted sample under vacuum or ultrason
bles rise to the surface, then remove the bottle from the equipment used to degas the sa
irn the sample bottle overatleast five times, taking care not to introduce air bubbles inf

p particle count data-using the criteria described in 6.3. If Dq is acceptable, reco
P mass concentration, in milligrams per litre, of the diluted sample, corresponding obsq

\ber concentrations and mean particle number concentration, X , before proceeding t
arge, discatd the data and suspect an error in the analytical technique. In this case, r¢
hfter taking appropriate corrective action (see Note in 6.3).

(B.1)

RM 8632 concentrate as specified in A.5\ Add accurately the required amounlts of

er in

ficles
cally

mple

o the

rd in
rved

B.6.
bpeat
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B.6 Flush the sensor with the next sample to be counted using at least three times the sample volume
determined in A.3. Repeat B.5 and B.6 for all required dilutions.

B.7 Plot the mean particle number concentration, X, as a function of the mass concentration of
RM 8632, y, on a linear-linear graph. Determine the linear regression line for the results from the 10 % to
40 % particle number concentration samples using the least-squares method, and set the intercept to 0.

The regressi

X=ay

on equation shall pass through the origin and be of the form given in Formula (B.2):

(B.2)

where qa is tl

Plot the reg
of the limit
the number
coefficient,

B.8 Uset
particle nu
appropriate

B.9 Calcul

Record in T4

B.10 Deteriine the coincidence error limit'ef the sensor by plotting a line with a slope of 95 % (

theoretical 1
constructed
data line crg
the 95 % lin
sensor and
millilitre, of

e slope of the regression line.

ression line on the graph for particle number concentrations ranging from 0.%.to 1
Fecommended by the manufacturer. This line defines the theoretical relatienship bet}

[, obtained by regression analysis.

of particles and the mass concentration. Record in Table B.1 the slope,,gxahd correl

e regression formula obtained in B.7 to calculate the theoretical number of particles for
ber concentration, X;. Record the value of X; for each particle pumber concentration i
cell in Table B.1.

i(t
[t x 100

ble B.1 the value of E for each particle number concentration.

elationship (see B.7) and the\same intercept, b, as the theoretical relationship on the g
in B.7. The lowest particléynumber concentration, in particles per millilitre, at whic
sses the 95 % line is thé_coincidence error limit of the sensor. If the data line does not
e, report the limit reécommended by the manufacturer as the coincidence error limit g
1se this value for allDsubsequent work. Record the coincidence error limit, in particle
the sensor in Table 3 and Table B.1.

b0 %
veen
htion

each

h the

pate the difference, E, expressed as a percentage, between the theoretical, X;, and mean, X,
particle number concentration for each dilution using Formula (B:3):

(B.3)

f the
raph
h the
CroSs
f the
5 per
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Flow rate limit determination
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C.1 Figure C.1 is a flow chart of the flow rate limit determination procedure. Perform the flow rate limit
dete s ation vahan 2 navy ADC ic wnonivund o Fn]]nIAﬁng tha rnpf\;v or wnf\(‘]jvvo{-mnv\i— afan AD
mination-when-a-nrewARCisreceivedorfollowingtherepairerreadiustment-ofanit

Or sensor.

IMPORTANT — It is essential that the flow rate limits determined in this Annex be
all APC calibration and sample analysis work. APC calibration is sensitive to.flow r
rates, contaminant particles may not be present in the sensing volume long eng
rical signal to develop fully. Also, the time interval separating successive parti
so sipall that the electronics are unable to distinguish them as individual particles.

flow
elect

Prepare

Set flow 10 20 %
of working flow rate

_______ -

vy

Prepare dilution of
RM 8632 concentrate

Y

Analyse sample

Increment flow rate

Is flow rate
less than 160 % of
working flow

Yes

rate?

Plot results versus

followed in
hte. At high
ugh for the
les may be

flow rate

A

Determine flow rates
where results differ
by more than 5 %

Flow rate limit
determination completed

C

)

Figure C.1 — Flow rate limit determination procedure
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C.2 Record the date, operator, APC and sensor model and serial numbers in Table C.1. Determine
whether the flow rate of the APC bottle sampler can be adjusted by the operator (adjustable flow rate
type) or is designed to deliver the sample at a fixed flow rate (fixed flow rate type)

Table C.1 — Flow rate limit worksheet

APC Mode Date
Serial no. Operator
Sensor Model
Serial no.

Noise level

Working floy rate

Flow rate linpits

Coincidence ferror limit

Particle counts

Ny 1 2 3 4 5 6 7 8
Flow rate
Count 1
Count 2
Count 3
Count 4
Count 5

X

C.3 If the|APC is of the adjustable flow: rate type, proceed to C.4. If it is of the fixed flow rate [type,
proceed to (.14.

C.4 Set thp APC to the cumulative mode. Use the calibration curve determined in 6.8 to set the first
channel to § um(c) or the smallest particle size of interest. The data from other channels are igrjored
during the flow rate limit determination. Let the flow rate number, ng- = 1.

NOTE AJl channels ‘are typically arranged in order of increasing threshold setting, unless othefwise
recommendeld by the APC manufacturer.

C.5 Calculpte the flow rate, g, to be used using Formula (C.1):

_ Mg Ay

- (C.1)

where

nge is the flow rate number;
qm is the working flow rate, in millilitres per minute.

Using clean dilution fluid, establish a flow rate approximately equal to q.

C.6 Prepare a sample of RM 8632 in clean dilution fluid as specified in A.4 to A.6.
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C.7 Shake the sample vigorously by hand. Disperse the sample ultrasonically for at least 30 s and then
shake it on a mechanical shaker for at least 1 min to disperse the dust.

C.8 Degas the sample under vacuum or ultrasonically until the bubbles rise to the surface and gently
turn the sample bottle over at least five times, taking care not to introduce air bubbles into the liquid.
Obtain five consecutive particle counts for volumes of at least 10 mL each for the dust sample prepared
in C.5. Record the flow rate and the number of particles observed at 5 pm(c) or the smallest particle size
of interest for each value of N shown in Table C.1.

C.9 Evaluate the particle count data using the criteria described in 6.3. If D) is less than or equal to the
apprppriatevatueshowmrimfabte €2, proceedto €9 H Byisgreater thamrtheappropriate vajue shown in
Tabl¢ C.2, discard the data and suspect an error in the analytical technique. Repeat C.6 tg €8 after taking
apprppriate corrective action (see Note in 6.3).

Thble C.2 — Maximum allowable differences, expressed as percentages, in particle counts
between runs (see 6.3 and D.4)

— Step 1: use these values for the | Step 2: use-these values for th¢ maximum
If X (average number of maximum allowable Dq for allowable Cy when the number of
counts) is individual samples samples analysed is (see F.§ and E.9)
greafer than| oo than | (see 6.3, B.5, C.9, D4, D.8,and E5) | N33 | N=6 | N=10 | N=20 | N=40
or dqual to

10 000 11,0 7,8 5,3 4,0 2,7 1,8
5000 10 000 11,3 7,8 53 4,0 2,7 19
2000 5000 119 7,9 5,4 4,1 2,9 2,1
1000 2000 13,4 8,0 5,6 4,3 3,1 2,4
500 1000 15,6 8,2 59 4,7 3,6 29
200 500 19,3 89 6,8 57 4,7 4,1
100 200 27,5 10,0 8,0 7,0 6,1 5,5

C.10| Calculate the mean observed-particle concentration, X, in particles per millilitre, and record this
result in Table C.1.

C.11| If ng 2 8, proceed to,€12. If not, increase ng- by 1 and repeat C.4 to C.10.

C.12| Plot the number of counts as a function of the flow rate on a linear-linear graph and|connect the
data points by atsmooth curve.

C.13| Determine the flow rates above and below the working flow rate that yield counts that differ by
morg than 5 % from those observed at the working flow rate. These are the flow rate limit$ of the APC.
Recoled:the flow rate limitsin Tabhles3 B1 and C1

C.14 Establish a flow rate approximately equal to the working flow rate. Prepare and analyse five
samples as specified in C.6 to C.9. Record the number of counts observed at 5 um(c) or the smallest
particle size of interest for each sample in Table C.1.

C.15 Calculate the mean, standard deviation and coefficient of variation for the five samples analysed in
C.14. If the coefficient of variation of the five samples is less than or equal to 3 %, then the APC meets the
flow rate specifications of this International Standard. If the coefficient of variation of the five samples is
greater than 3 %, the APC is unacceptable and needs to be serviced or replaced.

Ideally, the APC is always used at the working flow rate. APCs shall be calibrated at each flow rate for
which they are used. The APC shall always be used within the flow rate limits determined in this Annex.
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If any of the data used for size calibration were obtained using flow rates outside these limits, the size
calibration shall be repeated within these flow rate limits.
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Annex D
(normative)

Resolution determination

Flgure D.1 is a flow chart of the resolution determmatlon procedure Perform the resolution

Resolution shall be determined using a polystyrene latex sphere suspension with a-nom
size pf 10 um (4.1). Because resolution varies as a function of particle size, operators,may
determine the resolution at smaller sizes when a high degree of particle-counting aecuracy
The $mallest size at which resolution should be measured is 2,1 times the threshold noise
APC [see Annex A). Use the calibration curve determined in Clause 6 to deterrhine the corres
as discussed in D.3. Operators should be aware that optical artefacts may)joccur that yielc
poor|resolution results. If poor resolution is obtained, contact the APChanufacturer to de

reas

NOTH
micrd
accep
been

D.2
a)

b)

whel|

d)

n and discuss the appropriate action to be taken.

The procedures can be carried out manually or by the usecfiappropriate software for tha
processor controls. Alternatively, resolution can be determinéd through the use of an MCA. Su
table, provided the relationship between the measured voltage of the MCA and the APC thresho
established. In general, an MCA provides faster, more accurate results than the differential half-g

Prepare a sample of polystyrene latex sphere suspension as follows:

¢alculate the volume of polystyrene latex sphere concentrate (4.1) that needs to be ad
derosol OT dilution fluid (4.3) to achieve(a particle concentration that is approximately
¢oncentration limit for the sensor;

e¢stimate the volume of concentrate, Vp, in millilitres, needed to make the polystyrene

guspension using Formula (D.1]:
3

b Vg X ndp

6x1010 x w

is thefimal volume, in millilitres, of the polystyrene latex sphere suspension;

isithe desired particle concentration, in particles per millilitre;

>
-

C or sensor.

nal particle
also wish to
is required.
level of the
bonding size
| apparently
termine the

se APCs with
ich practice is
Id setting has
ount method.

ded to clean
25 % of the

latex sphere

(D.1)

is the mean diameter, in micrometres, of the polystyrene latex spheres indicated o

n the certifi-

cate of analysis (see 4.1);

Wsg
concentrate (this value is typically supplied by the manufacturer of the polystyren
spheres);

is the solids content, expressed as a percentage mass fraction, in the polystyrene latex sphere

e latex

shake the concentrate vigorously by hand, then disperse it ultrasonically for 30 s and finally shake

it mechanically for at least 1 min to suspend the polystyrene latex spheres;

prepare a suspension of polystyrene latex spheres by adding the required amount of

polystyrene

latex sphere concentrate, /g, to a sample container approximately 75 % full of clean aerosol OT

dilution fluid (4.3) and dispersing the sample by mechanical shaking for at least 1 min.
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The final dilution of the polystyrene latex sphere suspension which is actually counted shall be clear in
appearance. Cloudiness in the samples is evidence of insufficient dilution and shall be corrected before
proceeding.

D.3 Set the APC to the differential mode. Use the calibration curve (see Clause 6) to estimate the

threshold setting that corresponds to the polystyrene latex sphere size, as follows:

a)
b)

set the first channel to 1,5 times the threshold noise level of the APC;

sphere size;

set the third channel to the threshold voltage setting corresponding to the polystyrene latex

set the
voltage

c)

d) setthe

voltage
Only the dif

NOTE1 D
threshold se
determining
polystyrene }
sensor perfol

NOTE 2
dust (4.4), th
Standard diff
choose a parf

latex sphereg.

NOTE3 Td
(instead of f
necessary ary
repeat D.3 to

D.4 Dispel
Degas the §
consecutive
Evaluate thg
value showr
technique. R

D.5 Calcul
using Formu

Dye to differences in the optical properties of the polystyrene latex spheres and the caliby

tecond channel to the threshold voltage setting corresponding to 0,72 times the th¥e
setting of the third channel;

fourth channel to the threshold voltage setting corresponding to 1,32 times the thre
setting of the third channel.

Ferential particle counts of the second and third channels are used.

3, D.4 and D.5 specify the moving-window differential half-count ¢nethod for determinin
'ting that corresponds to the median polystyrene latex sphere,size. These data are criti
sensor resolution. Inaccurate determination of the threshold setting corresponding to the m
atex sphere size can result in apparently poor sensor resolutign.and failure of the APC to pa
mance specification.

e apparent particle size obtained using an APC calibrated in accordance with this Internaf
ers from the size stated by the supplier of the polystyrene latex spheres. As a first approxim
icle size thatis 10 % to 50 % larger than the particle size stated by the supplier of the polyst

determine the half-count setting more rapidly, perform D.3 to D.5, but obtain only one
ve as indicated in D.4) of at least 500_particles in the second channel. Readjust the chann
d repeat the process until the half-gount condition described in D.6 is achieved. Following
D.6 using five counts as described in D.4.

'se the diluted polystyrene’latex sphere sample by mechanical shaking for at least 1
ample under vacuunmor ultrasonically until the bubbles rise to the surface. Obtaiy

particle count data using the criteria described in 6.3. If D is less than the approp
| in Table C.2,,proceed to D.5. If not, discard the data and suspect an error in the analj
epeat D.2 te,D.4 after taking appropriate corrective action (see Note in 6.3).

pte theddifference, D, expressed as a percentage, between the second and third cha

la(B.2):

thold

thold

o the

al to
bdian
s the

ation
ional
ation,
yrene

rount
bls as
this,

min.
five

particle counts, eachyconsisting of at least 10 mL and 2 500 particles in the second channel.

riate
ytical

hnels

.|

where

1-—2

N
JxlOO
N

3

N7 is the mean number of particles counted for the second channel;

N3 is the mean number of particles counted for the third channel.

(D.2)

If the absolute value of D is less than or equal to 3 %, the threshold setting of the third channel
corresponds to the size of the polystyrene latex sphere. In this case, proceed to D.6. If not, and if the
value of D is negative, the threshold settings in D.3 are too high. If D is positive, the threshold settings
in D.3 are too low. Repeat D.3 to D.5 using threshold settings for the second, third and fourth channel
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which have been readjusted. If no threshold setting yields an absolute value for D less than 3 %, the
threshold setting of the third channel yielding the minimum absolute value of D corresponds to the size
of the polystyrene latex sphere.

D.6 Using the calibration curve obtained in Clause 6, determine the particle size that corresponds to
the threshold setting of the third channel. Determine the sizes and threshold settings that correspond to
0,9 and 1,1 times this size.

D.7
a)

Set the first five channels of the APC as follows:

set channel A, the first r‘hnnnn], tothe threshold vn]f:\gn rnrrncpnnr‘ling to ﬂ"7') timest

e threshold

\
b)
c |

d) {

e) {
\

Only

D.8
Degal
cons

roltage of channel C;
et channel B, the second channel, to correspond to a size 0,9 times that of channel-C;

keep channel C, the third channel, at the threshold setting corresponding to the

polystyrene latex sphere determined in D.5;

et channel D, the fourth channel, to correspond to a size 1,1 times that of channel C;

et channel E, the fifth channel, to the threshold voltage corresponding to 1,32 times tl
roltage of channel C.

differential counts are used to determine resolution.

Disperse the diluted polystyrene latex sphere sample by mechanical shaking for at
s the sample under vacuum or ultrasonically suntil the bubbles rise to the surface,
bcutive particle counts, each consisting of at least 10 mL and 2 500 particles in the sec

Evalyate the particle count data using the critétid described in 6.3. If D is less than the

valug

shown in Table C.2, proceed to D.9. If not, discard the data and suspect an error in t}

technique. Repeat D.8 after taking appropriate corrective action (see Note in 6.3).

D.9

D.10,

whet|

Calculate the mean differential particle concentration for each channel.

Calculate the apparent standard deviation of the APC using Formulae (D.3) and (D.4):
B d
" e[ 1+2(Ng N, )]
3 d
" em{mt2(Ng /Np)]
e

size of the

ne threshold

least 1 min.
Obtain five
nd channel.
appropriate
e analytical

(D.3)

(D.4)

ST 1S theapparent leftornegativesside stardard deviation, immmicromretres;

sr is the apparent right or positive-side standard deviation, in micrometres;

curve obtained in Clause 6 and the threshold setting for the third channel;

Np is the mean number of particles counted for channel A;

Np is the mean number of particles counted for channel B;

N¢ is the mean number of particles counted for channel C;

Np is the mean number of particles counted for channel D.

© ISO
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D.11 Calculate the positive and negative-side resolution (Rr and Ry, respectively) using Formulae (D.5)

and (D.6):
100,52 — 52
R =——"—F7— (D.5)
d
100«/512K — 512
Ry = —— L (D.6)
d
Where Sl iS ‘hC otaudoud dcv;atiuu Uf thc PU}_yDt)’lCllC latCA DPhClC D;LC’ ;ll lll;bl Ulllctl CD’ atatcd b the

supplier.

The APC reg

D.12 The r¢
a nominal sj
or equal to }
is greater th
may be an e
polystyrene
be identified

NOTE
the APC man

D.13 Ifthe
distribution
a) Determ
spheres|
determi
Set the
b) Preparg
APC set]
number
do not @

Normal
percent
normali
percent
next lar|

One method of correcting poor resolution is to clean the systém'in accordance with the instructi

olution, R, is RR or Ry, whichever is greater. Record d, sg, s1, RRr, RL, and R in Table 3.

solution of the sensor is acceptable if R is less than 15 % for polystyrenejlatex spheres
ze of 10 pm (see 4.1) and the absolute value of the difference between Rg.and Ry, is less

an 5 %, the APC is unacceptable and needs to be serviced or replaeed. Alternatively,
Fror in the procedure used to prepare or analyse the polystyrene-latex sphere sample, d
latex spheres themselves might not meet the requirements of 4.1. In this case, the error

and corrected, and the resolution determination proceduse.specified in this Annex reps

Ifacturer.

\PC fails to meet the resolution requirements of\D.12, check the polystyrene latex spher
using an MCA or APC in the cumulative modé-“as follows.

ne the size range corresponding to 0,85 and 1,15 times the size of the polystyrene
as determined in D.6. Divide the size range into at least 10 equal size increments
ne the corresponding thresholdsettings using the calibration curve obtained in Clay
channels to as many of these threshold settings as possible.

and analyse a polystyrefie) latex sphere sample as described in D.2 and D.4, but wit
to the cumulative mode. Repeat the analysis at different threshold settings until suffi
s of particles have been obtained for all of the size increments. When repeating the ana
hange the channelcerresponding to the smallest size.

ze the resultsvof each run by expressing the number of counts in each channel
nge of the total counts observed in the smallest channel for the same run. Compil
zed reslts in order of ascending size in a table. For each size, calculate the differg
nge by, subtracting the cumulative results for each size from the cumulative results fg
cestsize.

with
than

b %. If R equals or exceeds 15 %, or the absolute value of the difference between Rr and Ry,

there
r the
shall
pated

ns of

b Size

latex
and
se 6.

h the
cient
lysis,

as a
b the
ntial
r the

d) Plotthe

differential results versus size and draw a smooth curve through the data.

The curve plotted in item d) should be Gaussian (bell-shaped) in appearance with no secondary
peaks, and the differential percentages at the smallest and largest sizes should approach zero. If this
is observed and the APC failed the resolution requirements of D.12, the APC needs to be repaired or
serviced or else a larger number of size increments is needed to verify the polystyrene latex sphere size
distribution. If this is not observed, suspect a problem with the polystyrene latex spheres or with the
sample preparation. Regardless of why the APC failed, acceptable resolution as defined in D.12 shall be
obtained for the APC to meet the requirements of this International Standard.
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[
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[
[
[
[
| | Do second No
| | and third channels differ
| | by more than 3 %?
[
[
[
[
[
[ !
[
| | Is difference Determine new
| | between these channels channehsettings and
I I minimized? set fifst five channels
[
[ /
I I Analyse latex
| | ] ] sample
| L Readjust first
| four channels. 1
I Calculate resolution
|
|
|
I
Repair or }
L\ ! Is resolution
replzginptz::tlcle less than 15 %?
Resolution determination
completed
Figure D.1 — Resolution determination procedure
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Annex E
(normative)

Verification of particle-counting accuracy

rhep-a-rew-ARPCHs-receive

Figure E.1 is a ﬂow chart of the procedure to verify particle-counting accuracy. Verify sensor

or.

performance-w

E.2 Ifthe
to E.3. If not|
E.3 Prepa

dilution flui

or Fnllnuﬁnn tha repa-oF¥ vnf\r] stment n{-‘ ah ADC ox canc
P

OT Trre-re uu,uuu TG OTr—StTIT

esolution determined in Annex D meets the acceptance criteria described in DA2) prg
the APC system is unacceptable and needs to be serviced or replaced.

re three identical samples containing 1,00 mg/l of RM 8632 (4.7) suspended in
.

IMPORTAN
results obt
in sample |
which coul
samples mj

careful to avoid errors introduced by weighing, volume measurement and settling. Alternati

one may w
certifies itq

E.4 Disper
least 1 min to disperse the dust. Keep shaking the sample until it is to be analysed.

E.5 Setth
sizes betweq
noise level

10 pm(c). Us
settings corl
choose alten

E.6 Adjust

E.7 Degas
gently turn
liquid. Obtal

T — It is critical that the dust concentration in this sample be accurate becaus
ained by analysis of it are compared to the values given in Table A.1. Inaccur;
preparation or counting can contribute to deviations-from the values in Tabl¢
] result in rejection of an otherwise acceptable sensor.‘The three 1,00 mg/1 RM §
ly be prepared from the concentrate prepared in A.4. When this method is use

jsh to consider purchasing 1,00 mg/L RM 8632 samples from a reliable source
work.

se the sample ultrasonically for at least 30-s’and then shake it on a mechanical shaker

e APC to the cumulative mode anid,set the threshold voltage settings to at least six diff
en 5 um and 15 pm (inclusive): These settings shall be greater than 1,5 times the threj
pf the APC and shall includethe smallest particle size of interest as well as 5 pm(c]

esponding to these sizes-If the sensor is incapable of counting at one or more of these
native sizes within this'range.

the flow ratestothe working flow rate.

the sample under vacuum or ultrasonically until the bubbles rise to the surface, and
the saniple bottle over at least five times, taking care not to introduce air bubbles int
n five ‘consecutive particle counts, each consisting of at least 10 mL and 10 000 partic

ceed

rlean

e the
hcies
3632
d, be
vely,
that

for at

brent
hold
and

e the calibration curve previously determined in Clause 6 to determine the threshold voltage

bizes,

then
b the
es at

the smallest

particle size for the sample [f the data meet the quality criteria specified in 6 3 procel

dto

E.8. If they do not, discard the data and suspect an error in the analytical technique. Repeat E.3 to E.7
after taking appropriate corrective action (see Note in 6.3).

E.8 Repea

t E.4 to E.7 until all three samples have been analysed.

E.9 For each particle size, calculate the mean particle concentration, X, and the coefficient of
variation, Cy, expressed as a percentage, for the three samples using Formula (E.1):
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N _, N _ )
NZXi - le
Cv _ 190 i=1 i=1 (E.1)
X N(N—l)

)_(i is the mean particle concentration at a particular size for sample i;

V 1S (In this annex only) the total number or samples.

If th¢ Cy for any particle size is smaller than the corresponding values in Table C.2, compare the mean

for epch size to the appropriate limits given in Table A.1. If X falls within the limits given|in Table A.1
for a]l six sizes, sensor performance is verified. Report the published particle eoncentratign and mean
particle concentration for each size in Table 2.

If the Cy for any particle size is larger than the corresponding values-in/Table C.2, discard the data
and guspect an error in the sample preparation or analytical technigue-Repeat E.3 to E.9 |after taking
apprppriate corrective action.

If X |falls outside the limits given in Table A.1 for particle siz€s larger than or equal to 5 unj(c), then the
APC pystem is unacceptable and needs to be serviced or réplaced. Alternatively, there may| be an error
in thie procedure used to prepare or analyse the verification samples in the calibration. [n the latter
case,|the error shall be identified and corrected and thejprocedure in Annex E repeated.
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No

Is resolution

acceptable?

Prepare 1 mg/l dilution
of RM 8632 concentrate

\

C

APC system
unacceptable for use

Figure E.1 — Verification of particle-counting accuracy

A

Prepare particle
counter

!

Analyse samples

'

Calculate mean
and coefficient of

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| variation
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Are mean
and coefficient of
variation acceptable
for all sizes?,

Is there a
procedural or analytical
error?

L —— 1 Take corrective action

Sensor performance
verification completed
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Annex F
(normative)

Preparation and verification of bottles of secondary calibration

F1
Annd
itis
exan]
be m|

To p
susp
with
prep
calib,

F.2

mult
of su
the f]
the d
seald

Due {
NOTH

susp4

E3
susp

The
perfd
avail
Nnoise

F.4

suspensions

Figure E1 is a flow chart of the procedure to prepare secondary calibration suspe]
x shall be used to prepare secondary calibration suspensions when, for economic 0r ot
lesirable to utilize secondary calibration suspensions instead of NIST calibratien‘susp|
ple, if more than one APC needs to be calibrated, the use of secondary calibration susp
fore practical.

Fepare secondary calibration suspensions, one APC, calibrated using NIST primary
ensions that conform to Clauses 5 and 6, is needed for reference. Galibration of the re
secondary calibration samples is unacceptable. Bottles of secendary calibration
hred in accordance with this Annex can be used for sizing, calibration instead of N
Iration suspensions employed for other purposes.

Prepare a minimum of 30 bottles of secondary calibration samples using a propet
-pass test system in accordance with ISO 16889 or a similar system capable of mixing a

uid. The dust concentration shall be such that\the particle concentration does not exc
oincidence error limit for the sensor. Collectand store samples prepared in this man
d containers with closures (4.9).

The shelf-life of the secondary calibration samples is the same as that of the NIST prima
nsions.

Calibrate an APC in( accordance with Clauses 5 and 6 using NIST primary
ensions (4.4).

rmance specifications described in this International Standard. Where a choice
able, the ARG with the best performance, in terms of coincidence error characteristig
level, reSolution, etc., shall be used.

Select particle sizes and corresponding threshold voltage settings using the criteria spe

nsions. This
her reasons,
ensions. For
bnisions may

calibration
ference APC
suspensions
ST primary

ly validated
total volume

spension of at least 8 1. Use ISO MTD (4.6) to prepdre the samples. Use clean dilution fluid (4.2) as

eed 75 % of
her in clean,

o possible batch-to-batch variability.in test dusts, the use of NIST RM 8631 is recommjended.

'y calibration

calibration

APC used to verify the bottles of secondary calibration suspension samples shall meet all APC

of APCs is
s, threshold

cified in 6.2.

F.5 Analyse in accordance with 6.2 and 6.3 every fifth sample bottle prepared in E2.

Evaluate the particle count data for each sample bottle using the criteria described in 6.3. If Dq is less
than the appropriate value shown in Table C.2, consider the data from that sample to be acceptable. If Dg
is greater than the appropriate value shown in Table C.2, suspect an error in the analytical technique,
discard the data and analyse the next consecutive sample bottle only after taking appropriate corrective
action (see Note in 6.3).

For each threshold setting, calculate the mean, standard deviation and coefficient of variation using
Formula (E.1). If the Cy for each threshold setting is less than the corresponding value taken from
Table C.2, then the mean, standard deviation and corresponding particle size data define the particle
size distribution for these secondary calibration suspensions and can be used for secondary calibration
of other APCs. Complete Table F.1 by filling in the required data. If the Cy for each threshold setting
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is greater than the corresponding value taken from Table C.2, re-evaluate the sample preparation
procedure, take appropriate corrective action and repeat F.2 to E.5.

Primary and secondary calibration samples shall not be collected and reused.

Prepare more
than 30 samples

!

Calibrate APC using
primary calibration

SUSPensons

!

Choose particle
sizes and
threshold settings

A
Prepare and analyse
every fifth sample

'

Calculate mean and
coefficient of variation
for each size

Is the
coefficient of variation
acceptable?

Determine cause of
i variatiomrand take
corpective action

Use size distribution results
for secondary calibrations

Figure F.1|— Procedure for,preparation and verification of secondary calibration suspensions
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Table F.1 — Secondary calibration suspension validation data sheet

APC

Model

Sensor

Serial no.
Model

Noise level

Serial no.

Flow rate

Date

Operator

Lot no.

Concentration

Partiicle size,
um(f)

©
K

Thre¢shold setting

NV

Mean

particle concentration for indicated sample bc;tls{é\(particle

Sam|ple bottle 1

'\\

Samlple bottle 6

C\Q

Samlple bottle 11

N \J

LY

Samlple bottle 16

</O

Samlple bottle 21

-

Q

Samlple bottle 26

\\\\

Samlple bottle 31

Samlple bottle 36

Samlple bottle 41

Samlple bottle 46

Samlple bottle 51

Samlple bottle 56

Samlple bottle 61

SamIple bottle 66

Sam|ple bottle 71

Sam|ple bottle 76

Sam|ple bottle 81

Sam|ple bottle 86

Sam|ple bottlg\%‘s

Sam|ple bo@\‘%

Samplehottle 101
=)

X (particles/mL)

Standard
deviation

Cv
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APC calibration round robin

round

A round rokh

technical dilf

participated
extinctions
by six differ

Participants
in oil, and di
of SRM 280
using the IS
primary cal
robin were
sizes obtain
five APCs in
and five diff

sensors and five light-scattering sensors. Together, the round robin included APCs prod
ent particle counter manufacturers and 12 different models of particle seénsors.

in was conducted to evaluate an earlier draft of this International Standard. Onlyn
ferences exist between the earlier draft and this International Standard. Lsaborat
in the round robin numbered 27. Results were obtained from 29 APCs, including 24

were supplied with samples of calibration fluid, 10 pm polystyrenelatex spheres suspe|
y ISO UFTD. Because the round robin was conducted prior to NIST eompleting certific
ba, participants were provided with a size distribution of the ¢alibration fluid detern|
0 4402 AC Fine Test Dust (ACFTD) calibration method. Whén the NIST certification d
jbration samples was complete, the ACFTD particle sizesyariginally obtained in the r
ronverted to the new ISO 11171 particle sizes. To establish a correlation between pa
ed using [ISO 4402 and ISO 11171, three laboratories from the original round robin calib}
accordance with ISO 4402 and ISO 11171. APCs representing three different manufacti
ferent types of sensor, including two light-scattering and three light-extinction sen

hinor
ories

light
uced

nded
htion
lined

f the

pund

ticle
ated
irers
sors,

were involved. Table G.1 shows the resultant correlation®between ISO 4402 ACFTD particle size$ and
[SO 11171 N[IST traceable particle sizes. This table was\used to convert the ACFTD sizes obtained ip the
original roupd robin to NIST sizes.
Table G.1 — Correlation between particle sizes obtained using APCs calibrated in accordanpce
wijth ISO 11171 (NIST suspension) and the withdrawn ISO 4402:1991 (ACFTD)
Particle size-determined using an APC calibrated in
accordance with
1SO011171 IS0 4402:1991
(NIST-suspension) (withdrawn) (ACFTD)
um(c) um

4 <1

5 2,7

6 4,3

7 59

8 7,4

9 8,9

10 10,2

15 16,9

20 23,4

25 30,1

30 37,3

Figure G.1 shows the particle size distributions of the four types of dust sample: calibration sample,
verification sample, sample A and sample B. The lines represent the mean results reported by the
participating laboratories for the type of sample indicated. The calibration samples were suspensions
of ISO MTD in clean dilution fluid. These were prepared by the same laboratory that prepared the NIST
primary calibration suspension samples. ISO MTD is also used in the multi-pass filter test procedure
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of ISO 16889. Verification samples were prepared from dry ISO UFTD by participating laboratories as
described in Annex E. The size distribution of ISO UFTD resembles that of downstream samples taken
during a multi-pass filter test. Like the verification samples, sample A was a 1,00 mg/l suspension of
ISO UFTD in clean dilution fluid, except that these samples were all prepared by the same laboratory.
Sample B was a suspension of 0 um to 30 um dustd in clean dilution fluid. Its particle size distribution
resembles that of upstream samples taken during a multi-pass filter test.
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Figure G.1 — Particle size distribution of round-robin samples

1) Product available from Powder Technology Inc. This information is given for the convenience of users of this
document, and does not constitute an endorsement by ISO of the product named. Equivalent products may be used
if they can be shown to lead to the same results.
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G.2 Results

The round-robin data for the verification samples, for sample A and for sample B were statistically
analysed. The results are summarized in Tables G.2 to G.4. The mean, standard deviation and 95 %
confidence intervals were calculated based on the logarithm of the cumulative particle concentration
data. Variability in the data is assumed to be primarily the result of differences in calibration. The
actual sizes determined by the laboratories should be normally distributed. Because cumulative
concentration varies with size in a logarithmic fashion, the logarithm of the corresponding observed

cumulative concentrations is expected to be normally distributed. The mean, X1og, standard deviation,
s, and coefficient of variation, Cy,og, are defined by Formulae (G.1), (G.2), and (G.3):

‘N _
‘ZlogXi

Xiog =L G.1
og N (G.1)

— — 2
(lOgXi — X]og)

e

Il
AN

s = G.2
N 1 (G.2)
100s
CV,log 1= (G.3)
Xlog
where

}1. is the mean particle concentration data reportedby laboratory i at a specific size;
N is the number of APCs submitting data for the indicated size and type of sample.
Values of XJog, s, and Cyog are reported in the Statistics sections of Tables G.2, G.3, and G.4.

Using Xlog fand s, the mean and 95 % ¢onfidence intervals for the particle concentration and siZe for

each type df sample were estimated. The mean, Xg, upper, Xu, and lower, X1, 95 % confidence
intervals forf the particle concentration are defined by Formulae (G.4), (G.5), and (G.6):

Xg = 10Xl (G.4)
Xu =10% x X% (G.5)
XL =107 x Xg (G.6)

Using the X and sresults, the 95 % confidence intervals for particle size, dy and di, respectively, were
obtained for each type of sample. The particle size distributions were determined by linear regression

of the corresponding X and particle size data. To avoid statistical artefacts, only data for sizes with
n > 5 were used for regression. Tables G.2 to G.4 report the mean diameters calculated using the
regression formula, d, dy and dL..

40 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=0f5864d5ee74ba8de0af0b84b3f99bb2

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Materials and equipment
	5 Sequence of APC calibration procedures
	6 Sizing calibration procedure
	7 Data presentation
	8 Identification statement
	Annex A (normative)  Preliminary APC check
	Annex B (normative)  Coincidence error procedure
	Annex C (normative)  Flow rate limit determination
	Annex D (normative)  Resolution determination
	Annex E (normative)  Verification of particle-counting accuracy
	Annex F (normative)  Preparation and verification of bottles of secondary calibration suspensions
	Annex G (informative)  APC calibration round robin
	Annex H (informative)  Sample calculations
	Annex I (informative)  Verification of particle size distribution of calibration samples
	Bibliography

