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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental, in liaison with 1SQ _ also take part in the work

ISO collaharates closely with the

International
International
The main ta
adopted by

International

Attention is d
rights. ISO s

1ISO 11171 W
Contaminatid

This second
constitutes a

B.4 no Ipnger requires that-a 0 % sample be prepared and analysed; instead, the regression equati

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
5k of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting. ‘Publication §

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

rawn to the possibility that some of the elements of this document may be the subject of g
hall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee 1ISO/TC 131, Fluid power systems, Subcommittee
n control.

edition of I1SO 11171 cancels and replaces the first edition (ISO 11171:1999), of wh
technical revision, including the following modifications to clarify the steps to be performed
ernational Standard and to minimize several potential sources of variability. Specifically:

on of an automatic particle counter (APC) has been added as 3.1.

e specific sequence of steps to be followed in calibration is not longer mandated.

lote 2 has been added to provide guidance on how to detect a change in the calibration
explicitly requires that-at least 5 000 particles be counted in order to have statistically valid
ticular channel setting.

nce error determined in B.7 is forced through the origin.
now distinguishes between fixed flow rate and adjustable flow rate bottle samplers. Fixeg

uments-simply require verification of their ability to consistently deliver a constant flow rate
adjustable flow rate instruments, this International Standard requires that their working flov

Hards
IS an

atent

5C 6,

ch it
when

of an

data

bn for

flow
within
rate

rate limits be determined in addition to verification of their nhili'ry to r‘nnci:fnnfly deli

/er a

constant flow rate within 3 %.

reases the acceptable resolution of an APC from 10 % to 15 %.

no longer acceptable.

using this Int
a) A definit
b) In5.1, th
¢) In5.1,N
APC.
d) 6.3 now
for a pan
e)
coincide
f)  Annexd
rate inst
3%. Fo
and flo
g D.12inc
h)
i) AnnexH

now includes an example of how to construct a calibration curve.

It also incorporates the Technical Corrigendum 1SO 11171:1999/Cor.1:2001.

E.3 requires that NIST RM 8632 dust be used for verification of counting accuracy. Use of ISO UFTD is
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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
contagminant particle size distribution and concentration. |iquid automatic particle counters (APCs) are an
accepted means of determining the concentration and size distribution of the contaminant particles. Individual
APC faccuracy is established through calibration.

This [International Standard establishes a recommended standard calibration procedure for| determining
partigle sizing and counting accuracy. The primary particle-sizing -calibration® is conducted using
NIST|SRM 2806 suspensions with particle size distribution certified by the United States' Nationgl Institute of
Stanglards and Technology (NIST). A secondary calibration method with traceability to NIST uses|suspensions
of IS MTD which are independently analysed using an APC calibrated by the-primary method. Goncentration
limits| are determined through the use of serial dilutions of a concentrated suspension. Operation and
performance limits are also established using this International Standard(

© 1SO 2010 — All rights reserved Y
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INTERNATIONAL STANDARD

ISO 11171:2010(E)

Hydraulic fluid power — Calibration of automatic particle
counters for liquids

a) |

b) 1
C) ¢
d)

e) (

2

The

refergnces, only the edition cited appliesz-For undated references, the latest edition of th

docu
ISO 3
ISO §
ISO

ISO ]
elem

ISO !
Light

bcope

nternational Standard specifies procedures for:

ounters (APCs) for liquids capable of analysing bottle samples;

bstablishing acceptable operation and performance limits;
erifying particle sensor performance using a truncated test dust;

etermining coincidence and flow rate limits.

Normative references
following referenced documents are indispensable for the application of this documen)
ment (including any amendments) applies.

722, Hydraulic fluid power — Fluid sample containers — Qualifying and controlling cleaning
598, Fluid power systems and components — Vocabulary

12103-1, Road vehicles — Test dust for filter evaluation — Part 1: Arizona test dust

16889, Hydraulic fluid power — Filters — Multi-pass method for evaluating filtration performa|
BNt

P1501-3; Determination of particle size distribution — Single particle light interaction methg
extinction liquid-borne particle counter

econdary particle-sizing calibration using suspensions verified with a ptimary calibrated APC;

rimary particle-sizing calibration, sensor resolution and counting performance of automatic particle

t. For dated
e referenced

methods

nce of a filter

ds — Part 3:

3 Terms and definitions

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

3.1

automatic particle counter

APC

instrument that automatically counts and sizes individual particles suspended in a fluid, typically relying on
optical light scattering or light extinction principles of particle sizing

© 1SO

2010 — All rights reserved
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NOTE

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

3.3

sensing volume

portion of th

illuminated region of the sensor through which the fluid stream passes and from which th

light

is collected b

34
resolution
measure of t
sizes

35

coincidence
highest conc
less than 5 9

3.6
working floy
flow rate thrg

3.7

particle size
projected ar
determined U

NOTE 1
International S

NOTE 2 NI
reference mat

3.8
particle size
number cong

3.9
primary cali
sizing calibrg

y the optical system

ne ability of an automatic particle counter to distinguish between particles of similar, but diff

error limit
entration of NIST RM 8632 that can be counted with an automatic particle counter with an e
h resulting from the presence of more than one particle in the seqsing volume at one time

vV rate
ugh the sensor used for sizing calibration and sample@nalysis

ba equivalent diameter of particles as determined using scanning electron microscopy
sing a calibrated liquid optical single particle automatic particle counter

Unless otherwise stated, an APC used far‘particle size determination is calibrated in accordance wif

tandard.
ST uses scanning electron microscopy to determine the projected area equivalent diameter of particle

prials.

distribution
entration of particles, expressed as a function of particle size

bration
tion‘canducted using NIST standard reference material 2806

erent,

ror of

Dr as

h this

in its

NOTE 1

NOTE 2

3.10

The procedure is speciiied in Clause 6.

For details of NIST standard reference material 2806, see 4.4.

secondary calibration
sizing calibration conducted using calibration suspensions

NOTE
Annex F.

The procedure is specified in Clause 6 and the calibration suspensions are prepared in accordance with

© 1SO 2010 — All rights reserved
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4 Materials and equipment

4.1 Polystyrene latex spheres, nearly monodispersed in aqueous suspension. Polystyrene latex spheres
with a nominal diameter of 10 um are required in Annex D for resolution determination, and polystyrene latex
spheres with other nominal diameters larger than 50 um are required in Clause 6 if size calibration for particle
sizes of 50 um 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 of analysis with each batch, which
indicates that the sphere particle size has been determined using techniques with traceability to national or

international standards.

Onc
distri

NOTH
in D.]]

NOTH
factor|

4.2
a cor
numi
sam

4.3

spec
made
60 °(
the c
aeroy

CAU
shee

Aero
abso

4.4
the |

available from NISTPrimary calibrations shall use SRM 2806.

NOTH

4.5
temp

OpETed, SUSPETSIoNs of polystyrerne fatex spheres stattbeused-withim threemmonthsom
pution and cleanliness of the suspension have been verified.

1
3.

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

2 Polystyrene latex spheres in aqueous suspension have a limited shelf-life. Shelf-life is a function
5 including temperature and microbial contamination of the suspension.

Clean dilution fluid, consisting of the test fluid used in ISO 16889:and an antistatic addit
ductivity of 2 500 pS/m + 1 000 pS/m at room temperature. The fluid shall contain less than
er of particles equal to or larger than the smallest particle size-efiinterest expected to be ob)
les.

Clean aerosol OT dilution fluid, to determine sensor-fesolution in Annex D (the clean
fied in 4.2 is used for all other operations in this International Standard). It is prepared from §
by adding 120 g of aerosol OT to each litre of clean dilution fluid (4.2). Heat the concent
and stir until the aerosol OT has completely dissolved. Prepare the aerosol OT dilution fly
bncentrate with clean dilution fluid (4.2) to a final concentration of 12 g of aerosol OT per lit

ol OT dilution fluid shall meet the same cleanliness levels as the dilution fluid specified in 4.2.

TION — Follow the precautions for.Safe handling and usage described in the materialg
[ (available from the supplier of the'aerosol OT).

5ol OT (dioctyl sulfosuccinateiisodium salt) is a waxy, hygroscopic solid. If it appears to be g
bed water prior to use, dpy itfirst for at least 18 h at about 150 °C.

NIST standard reference material 2806x (SRM 2806x) primary calibration suspensio
ptter used by NIST.to designate the batch number of the certified primary calibration

ISO/FR(1614413] describes the procedures used to certify the standard reference material SRM !

ess the size

hod described

of a variety of

ve that gives
0,5 % of the
served in the

dilution fluid
L concentrate
rate to about
id by diluting
e. The clean
D

safety data

amp or have

n, where x is
suspension,

P806.

NIST reference material 8631 (RM 8631) dust, prepared by drying the dust for at least 18 h at a

rature between 110 °C and 150 °C, required if secondary calibration is to be performed (se

£ 6.1).

4.6

4.7

ISO medium test dust (MTD) in accordance with ISO 12103-1, dried for at least 18 h at a
temperature between 110 °C and 150 °C before use.

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

least 18 h a

temperature between 110 °C and 150 °C before use, if required for determination of coincidence error limit or

in An

NOTE

nexes B, C and E.

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

ents that may

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

latest

4.8

© 1SO

batch available.

Automatic particle counter (APC) for liquids, with bottle sampler.
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Clean sample containers, with closures (appropriate bottle caps, for example), and volumetric
sware 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.

4.10
411
4.12
4.13
4.14
a)
b)
<)
d)

5

51

Mechanical shaker, such as a paint or laboratory shaker, suitable for dispersing suspensions.
Ultrasonic cleaner, with a power density of 3 000 W/m2 to 10 000 W/m?2 of bottom area.

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

Log-lgggraptrpaper or computer software for generating graptics.

Analytical or electronic balance with the following minimum specifications:
readability: 0,05 mg;

accuracy (agreement with true mass): 0,05 mg;

precision (repeatability): £0,05 mg;

front or $ide doors and a covered top to eliminate the effect of air currents:

Sequepce of APC calibration procedures

See Figure 1 for a recommended sequence of steps to he\followed when performing a full calibratipn on

a new APC.
readjustment
been repaire
last sizing ¢4
D, and E an
Figure 1 and
parts are per

Conduct the procedures of this clause when a‘new APC is received or following the rep
of an APC or sensor (see Table 1). Proceed\to Clause 6 if neither the APC nor the sensg
d or readjusted, if no detectable change in\the operating characteristics has occurred sing
libration was performed, or if the APC has-been subjected to the procedures in Annexes A,
d the results have been documented:,The specific order of annexes and clauses specifi
Table 1 are recommendations. The,operator may follow a different order as long as all red
formed.

air or
r has
e the
B, C,
ed in
uired

NOT
to de

A change in
but not limite

a)

b)
<)
d)

e)

E1l
livery.

Annexes A, B, C, and D can be performed by an individual laboratory or by the manufacturer of the APQ prior

the operating characteristics of the APC can be detected by several different methods, incl
d to:

Liding

using p3 such

as an in

rticle data fromcontrol samples collected over time and a statistical process control chart,
lividuals meving range (IMR) chart, to detect significant changes in calibration;

comparing calibration curves over time to detect a significant change in calibration;

returning the APC to its manufacturer for evaluation and assessment of the change in calibration;

analysing a primary or secondary calibration suspension in accordance with 6.2 and 6.3, then comparing
the resulting particle concentration data to the corresponding particle size distribution for the sample. If
the results agree within the limits for the maximum allowable Dy given 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; or

analysing a primary or secondary calibration suspension and resulting data as described in item d), then
analysing an 1SO 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.

© 1SO 2010 — All rights reserved
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affect the ability of the APC to accurately size and count particles.

For the purposes of this clause, repair or readjustment of an APC refers to service or repair procedures that

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 attachm

or peripheral equipment, the replacement of plumbing lines or connections, or following other oy

do nqgt involve disassembly of the APC, sensor or volume measurement system.

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

5.3 | Determine the coincidence error limits of the APC in accordance with Apnex 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 Anhex C.

5.6 | Determine the APC resolution in accordance with Annex.D:

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

5.8 | In order to conform to the requirements of thisInternational Standard, the APC shall:

a) be calibrated in accordance with 5.4;

b) meet the volume accuracy, resolution’and sensor performance specifications determine
and 5.7;

c) be operated using the calibration curve determined in 5.4 within the coincidence error and fl

etermined in 5.3 and 5.5¢

ent of cables
erations that

nnex A.

i in 5.2, 5.6

bw rate limits

© 1SO 2010 — All rights reserved
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Preliminary
procedures
(Annex A)

Have

No preliminary

procedures been
performed?

Y

Perform preliminary
instrument check
(Annex A)

Yes Has instrument

Y

Determine
coincidence error
limit (Annex B)

changed?

Perform sizing
calibration

Y

Perform sizing
calibration
(see Clause 6)

Y

Determine flow
rate limits
(Annex C)

Y

Determine
resolution
(Annex D)

Y

Verify particle-
counting accuracy
(Annex E)

Y

Calibratien ‘completed

(see Clause 6)

Figure 1 — Sequence of APC calibration procedures

© 1SO 2010 — All rights reserved
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Table 1 — Schedule of APC calibration procedures

ISO 11171:2010(E)

APC status?

Clause 6
Sizing
calibration
procedure

Relevant clause and annexes
of this International Standard

Annex A

Preliminary
APC check

Annex B

Coincidence
error limits

Annex C

Flow rate
limits

Annex D Annex E

Resolution | Accuracy

New APC or existing APC not
calibrated to this International

Stan

lard

Last

Calibration was more than 6 to

12 mpnths ago

Suspiicion that calibration has
chanped significantly

repa

Optigs (including light source)

ired or readjusted

repa

Sensor or counting electronics

ired or readjusted

Volu
(e.0.

Ine measurement components
flowmeter, burette, level

detegtors) repaired or readjusted

Sengor cleaned

No action necessary

Cabl

bs or peripheral equipment

attached

No action necessary

Plumbing lines and connections
replaced

No action necessary

invol

Opergtion performed that does not

e disassembly of APC, sensor

or vojJume measurement system

No action necessary

a
partic
suspe€
distril
to siz

epair or readjustment refers only-to,'service or repair procedures that affect the ability of the APC to accurately|size and count
es. In order to verify the ability"ofan APC to accurately size and count particles, analyse a primary or seconflary calibration
nsion in accordance with 6,2 and 6.3, then compare the resulting particle concentration data to the correspondipg particle size
ution for the sample. If the tesults agree within the limits given for the maximum allowable D
e and count particles has ot been significantly affected. If the results do not agree, proceed as indicated in this table.

in Table C.2, the ahility of the APC

6

6.1

y

$izing-calibration procedure

Refer to Figure 2 for a flow chart describing the sizing calibration procedure. Conduft the sizing

calibratien every three-to—stx-months;whenanew-APCisreceived,orafter-the |cpai| Of |cadj stment 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.

© 1SO 2010 — All rights reserved
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Use secondary
calibration
samples

Is this a primary
calibration?

Use NIST SRM 2806
primary calibration
samples

1 v v

Prepare and
analyse sample

Are data
acceptable?

Take corrective
action

Mathematically
describe results

Were three
samples analysed?

Choose new No

threshold settings

Choose 18 different
particles sizes

Y

Construct
calibration curve

Y
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 © 1SO 2010 — 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 Setthe APC to the cumulative mode and, using at least six different channels, set the threshold voltage
as follows:

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

determines the minimum detectable particle size;

b) tlﬂe highest threshold setting is limited by the working-voltage range of the APC (cons

1

c) i
Prep
samy]
the d

The

thres
softw
meaq
MCA

6.3

the g
least
thres

Calcy

wher

The
partid

hanufacturer to determine this), the particle size distribution and the volume of the calibration
htermediate threshold settings shall be chosen to cover the size range of interest:

hre a calibration suspension sample for analysis. Shake the sample vigarously by hand
le ultrasonically for at least 30 s and then shake it on a mechanical shakKer for at least 1 mi
List in the liquid. Continue shaking the sample until it is to be analysed.

procedure described in 6.2 to 6.8 assumes manual calibration of an APC with a sma
nold settings. Alternatively, calibration can be performed ¢sing a multichannel analys
are that follows the same procedure. If an MCA is used, it is’eSsential that the relationship
ured voltage of the MCA and the APC threshold setting:be first established. In general,
methods tend to be faster and more accurate than mantial methods.

Degas the sample under vacuum or ultrasonically~until the bubbles rise to the surface an
ample bottle over at least five times, taking care not to introduce air bubbles into the ligy
five consecutive particle counts, each consisting of at least 10 ml and 10 000 particles at
hold setting.

late the total number, N, of particles.eeunted for each channel using Equation (1):
N =5XV

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

channel;
is the sample volume, in millilitres, for a single count.

alue of\N'shall be greater than or equal to 1 000 in order to ensure statistically significant re
ulaf.channel.

ult the APC
sample;

. Agitate the
h to disperse

[l number of
br (MCA) or
between the
software and

d gently turn
id. Obtain at
the smallest

@)

a particular

sults for that

Calculate D, which is the difference expressed as a percentage between the minimum, X

X

max?

min»
observed particle count for each channel, using Equation (2):

— X
DQ: Xmax_ min x 100

and maximum,

)

Record in Table 2 the threshold voltage setting, particle concentration data, X, and Dg 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 D

is less than the maximum, then the value of X for 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.
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Calculate Dy using Equation (3):

DO _ X max — X min (3)

Xo =Xy

where

Xo s the observed particle count of the suspected outlier (either X 5, O Xiin);

Xy is the observed particle count closest in value to X,
If Dy for a particular channel is less than 1,44, discard the related outlier data point, X,, recalculate X using
the remaining four data points, and use the recalculated value of X for calibration purposes~ D [for a
particular channel is greater than 1,44, data from this channel are not acceptable and shall he’ discarded. If
there are at |east six channels of acceptable data (using the Dg and D, criteria), proceed t0'6.4. If not] take

appropriate g

If Nis less t
particles cou
particle sizes

Primary and

NOTE Of
fluid or glassy
bubbles in the
other sources
be centrifuged

orrective action and repeat 6.1 to 6.3.

nan 1 000 for any channel, the data for that channel shall not be used\lIf sufficient numbers of
nted is the only quality criterion that is not met, change the threshold settings to correspond to
that yield sufficient counts, or repeat 6.1 to 6.3 using a larger sample\wolume.

secondary calibration samples shall not be collected and reuséd,

lution
PC, or
ue to
s can

her failures to meet the quality criteria can arise from a numherof sources, including contaminated d
are, volumetric errors, calculation errors, operating too close*to the threshold noise level of the AR
samples. Flow rate variability due to counting while the~sample chamber is being pressurized or ¢
also leads to problems. Particle settling can occur. If excessively high stirring rates are used, particle
out or bubbles can be introduced.

10
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Table 2 — APC particle sizing calibration worksheet (see 6.3, 6.8 and A.9)

Sensor type

Noise level

First

calibration suspension

Model Date

Serial number Operator

Model Calibration sample
Serial number Lot number

Flow rate ml/min Concentration

Calibration suspension identification number

Thre

Ehold setting

Count 1

Cour

t2

Cour

t3

Cour

t4

Cour

t5

X (p

articles/ml)

Dq

Secd

nd calibration suspension

Calibration.suspension identification number

Thre

Ehold setting

Cour

t1l

Cour

t2

Cour

t3

Cour

t4

Cour

t5

X (p

articles/ml)

Dq

Thirg

calibration suspénsion

Calibration suspension identification number

Thre

Ehold setting

Cour

tl

Cour

tQ2

Count 3

Count 4

Count 5

X (p

articles/ml)

Dq

© 1SO
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6.4 Plot the particle concentrations (in particles larger than the indicated size per millilitre) versus the
corresponding threshold settings, in millivolts, on a log,4-log;o 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 concentration data for a larger size that
yields an acceptable threshold setting. Set the threshold settings of the APC to these values.

NOTE Th
concentration,
standard devig

6.6 Repe
determined

6.7
acceptable d
particle conc

6.8 Const
setting dete
distribution d
Record in T4
using the co
settings verg
interpolation,

Some applic
APCs for cqg
cautioned th
sources of ¢
analysis and
large particle

ISO 21501-3
contrast, the
polydisperse
size. A partid
because the
area diametd
dependent o

!

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

6.1 to 6.5 using at least six different threshold voltage settings, but use all acceptable dat
6.3) from both samples to determine the relationship between particle ‘eoncentratiorn

n
threshold sj:ing in 6.4 and 6.5.

Repeat 6.1 to 6.5 once more using at least six different threshold voltage settings, but us

ata (as determined in 6.3) from all three samples to determinge the final relationship bet]
entration and threshold setting.

uct a calibration curve using the relationship between particle concentration and the thre
mined in 6.7. Choose at least 18 different particle Sizes from the appropriate particle
ata. Choose only particle sizes that fall within the sSize range actually observed in 6.3 tg
ble 3 these 18 sizes and the corresponding concentrations and threshold settings (deterr
ncentration versus threshold setting plot constrcted in 6.7). Plot the corresponding thre
us particle size. Use the statistical regressionechnique to define the calibration curve ar
Do not extrapolate to sizes outside the size range used for calibration.

htions may require calibration at larger patrticle sizes than are reported in SRM 2806. To cal
unting particles larger than 50 um(¢), 1SO 21501-3 should be used. In any case, the us
at counting larger-sized particles is subject to many sources of error. Among the most
rror are: a) the settling of large particles during all phases of sample collection, handling
b) the inherently poor particle-counting statistics resulting from the typically low concentratig
S in hydraulic fluid samples:

is a particle size“Calibration method that uses monodispersed polystyrene latex spherg
calibration methed-described in this International Standard is a count calibration method us
d test dust. Bothvmethods determine the relationship between APC threshold voltage and p4

size,
, and

a (as
and

e all
ween

shold
size
6.7.
nined
shold
d for

brate
ber is
likely

and
ns of

S. In
ing a
article

le size calibration method such as ISO 21501-3 can be used for particles larger than 50 jim(c)

NIST patrticle size distribution used in this International Standard is also based on the proj
r of the\particles. The signal detected by APCs for particles larger than 50 um(c) is not str
n thiewrefractive index of either the particle or the liquid.

bcted
pngly

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-H-5606[11 hydraulic fluid using the
procedure described in Annex D (if the particles are supplied in agueous suspension), or mixed directly into
MIL-H-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 Date
Serial number

Noise level Sample volume ml Flow rate ml/min
Cv.vol % Flow rate limits ml/min
Coingicerce-errortimit paltib:cbl’lll:
SR pum(c) Rr %
SL pm(c) R %
d pm(c) R %
Sizing calibration
Calibration sample Lot number Concentration

Size Threshold setting Observed particle concentration

pm(c) mV
Verification of particle-counting accuracy

Size Expected particle concentration . .

um(c) (see Table A.1) Observed particle concentration

5
10
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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:

a)

b)

7.2

8

Use the follo
International

“Calibration
Calibration o

14

as “um” or “micrometres”, with the following statement: “The sizes quoted in this document were obtained

using an

APC calibrated in accordance with ISO 11171:2010%;

as “um(c)”, where (c) indicates that the APC was calibrated in accordance with ISO 11171:2010 (where

possible,

this shall be defined in the text).

Retain

Identif

completed Taple s and Tables Z, 5.1, C.1, and F.L On fitefor inspeCtion.

cation statement

wing statement in test reports, catalogues and sales literature when electingto comply with this
Standard:

of liquid automatic particle counters conforms to ISO 11171:2010,xHydraulic fluid power —

automatic particle counters for liquids.”
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Preliminary APC check

1ISO 11171:2010(E)

A.1 Figure A.1 is a flow chart of the preliminary APC check procedure. Conduct the preliminary APC check
when a new APC is received, or following the repair or readjustment of an APC or sensor.

Determine
threshold noise
level

Y

Determine
sample volume

Y

Prepare RM 8632
concentrate

Y ¥

Prepare dilution
of concentrate

Y

Prepare particle

counter

vy

Analyse diluted
sample

Obtain
another count

Have five
particle counts
been obtained?

Calculate

© 1SO 2010 — All rights reserved

coefficient of variation

Is coefficient of
variation
less than 3 %?

Take corrective
action

Yes

Preliminary APC
check completed

Figure A.1 — Preliminary APC check procedure
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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 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 F.1.

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 Deter Nina tha camnla valiima actuallyy carmmtad durina o narticla cormntina rim nicina 2 mathn Wlth
. e HRe—the—sample—volume—actually—counted—durng—a—particle-counting—+uR—using—a—methed W
traceability t¢ a national or international standard. Record this value in Table 3 and use it to calculate{particle
concentrations in all subsequent work.

NOTE Contact the APC manufacturer in order to determine an appropriate method of determining the sample vglume.

A.4 Prepafe an RM 8632 concentrate of about 100 mg/l as follows:

a) accuratgly weigh out the required amount of dry RM 8632 (+£0,1 mg) and trahsfer it to a clean sgmple
bottle;

b) fill the bottle about three-quarters full with an accurately measured amaeunt (1 ml) of clean dilution flyid.

Calculate thg mass concentration of dust, y,, in milligrams per litre, in the concentrate using Equation (A.1):

1000m

VA= (A.1)

0
where
m is tHe mass, in milligrams, of RM 8632;

V, s the volume, in millilitres, of clean dilution fluid.

The RM 8632 concentrate prepared (in,this annex is also used to determine the coincidence error [limits
(Annex B) arld flow rate limits (Annex €) of the APC, as well as to verify particle-counting accuracy (Annex E).
For this reason, special care shalhbe taken in determining the dust concentration of the concentrate and to
ensure that the concentrate ischot contaminated. Failure to do so can cause an otherwise suitable APC [to be
deemed unagceptable for use.

A.5 Cover|the bottle~with a clean closure and vigorously shake the concentrate by hand. Dispersg the
RM 8632 concentrate-ultrasonically for at least 30 s and then shake it on a mechanical shaker for at leasf 60 s
to disperse the dust.

A.6 Calculate—the—amount—of—concentrate—required—toprepare—a difution—that s —about—259% 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.

16 © 1SO 2010 — All rights reserved
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Table A.1 — Particle size distribution for sensor performance verification (see A.6 and B.4)
Particle size Particle concentration (particles/ml greater than indicated
size for a 1 mg/l sample of RM 8632) shall be
pm(c) greater than or equal to less than or equal to
5 3300 4 500
6 1500 2 500
7 660 1400
8 280 760
9 120 410
10 58 220
11 28 120
12 14 63
13 7,4 34
14 4,1 19
15 2,3 11
A.7 | Set the APC to the cumulative mode. Set the lowest threshold setting of the APC to 1,5 times the
threshold noise level of the APC. Using clean dilution fluid,” adjust the flow rate to the workipg flow rate.
Recard the flow rate in Tables 2, 3, B.1, C.1, and F.1.
All of|the procedures shall be conducted at the samé’flow rate. The flow rate limits of the APC arg determined
in Annex C. Any data obtained at flow rates outside these limits shall be discarded and the corregponding 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 pltrasonically
until the bubbles rise to the surface. Obtain five consecutive particle counts of at least 10 000 particles in the
first ghannel for each measured sample volume. Calculate the coefficient of variation for volume measurement,
Cy.vo|s Using Equation (A.2):
N& Ne )2
2
NEYXE - Y X;
R 100 i=1 i=1
~V,vol = - (A.2)
X Nc(Nc -1
wherg
|‘Ib 1s-the number of consecutive pnrfirln counts pnrfnrmnd (i e fi\/n);
X is the mean particle concentration, in particles per millilitre, for the five counts;
X; is the mean particle concentration, in particles per millilitre, observed for count i.

A.9 The Cy o shall be 3% or less in order for the APC to be acceptable in accordance with this
International Standard. Record the Cy.vol in Table 3.

Although the Cy, ,, 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 Cy,,, shall be 3% or less before
proceeding with the calibration.

©1SO

2010 — All rights reserved
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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 when a new APC is received or after the repair or readjustment of an APC or sensor.

He of the coincidence error at a given particle number concentration is governed by the physical
dimensions f the sensing volume as well as the particle size distribution of the sample, including those
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 other work, multiple dilutions of a,sample shall be
analysed to |establish that the particle size distribution of the sample does not yield a_particle nymber
concentration significantly different from that determined using this annex.

The magnitu

18 © 1SO 2010 — All rights reserved
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Prepare particle
counter

Y

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

1ISO 11171:2010(E)

Analyse next dilution

Flush sensor with
next dilution

Is
dilution less than 150 %
of recommended
concentration

limit?

Plot results

Plot regression
line for, 0 % to 40 %
dilutions

Y

Calculate theoretical
numbers of particles

Y

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

Y Y

Coincidence error limit
is the recommended
concentration limit

Goincidence error limit determine}

Figure B.1 — Coincidence error determination procedure
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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 than
1,5 times the threshold noise level. Set the remaining channels to higher settings arranged in ascending order.

B.3 Adjust the flow through the sensor to the working flow rate (see A.7) using clean dilution fluid. Flush the
sensor 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, V4, in millilitres, needed for each dilution using Equation (B.1):

Vi X\ Vs L
17 100% 4
where
Xy is the particle number concentration limit, in particles per millilitre, srecommended by
manufacturer;
Vs is the final volume, in millilitres, of the diluted sample;
L isthe percentage of the limit recommended by the manufacturer;
X, is the particle number concentration, in particles per millilitres of the concentrate.

Disperse the|
Vy, and clea
correct total

B.5 Sampl
as specified
bubbles rise
turn the sam
five consecu

Evaluate the
mass conce
concentratior

the data angl suspect an_érror in the analytical technique. In this case, repeat B.4 and B.5 after t

appropriate d

RM 8632 concentrate as specified in A.5. Add accurately the required amounts of concen
h dilution fluid (4.2) containing antistatic additjve“to the sample container in order to attai
olume. Put particle-free closures on the samplée‘containers.

s shall be analysed in order of increasingparticle number concentration and particles disp
to the surface, then remove the bottle from the equipment used to degas the sample and ¢
ple bottle over at least five times,. taking care not to introduce air bubbles into the liquid. G

ive particle counts of at least’30'ml for each measured volume.

particle count data usjng the criteria described in 6.3. If Do is acceptable, record in Table B
htration, in milligrams-per litre, of the diluted sample, corresponding observed particle ny
s and mean particle number concentration, X , before proceeding to B.6. If Do is too large, di

orrective action (see Note to 6.3).

(B.1)

the

trate,
n the

brsed

in A.5. Prior to counting, degas the_diluted sample under vacuum or ultrasonically until the

ently
btain

1 the
mber
scard
pking
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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, 7
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 regression
equation shall pass through the origin and be of the form given in Equation (B.2):

X=ay (B.2)

where a is the slope of the regression line.

Plot the regression line on the graph for particle number concentrations ranging from 0 % to 150 %-of\the limit
recommenddd by the manufacturer. This line defines the theoretical relationship between thé€) numier of
particles and the mass concentration. Record in Table B.1 the slope, a, and correlation coeffigient, r, obthined
by regression analysis.

B.8 Use the regression equation obtained in B.7 to calculate the theoretical numper of particles for|each
particle numper concentration, X;. Record the value of X; for each particle numier concentration ip the
appropriate dgell in Table B.1.

B.9 Calculate the difference, E, expressed as a percentage, between the theoretical, X;, and mean, X,
particle numibper concentration for each dilution using Equation (B.3):

X —|X
Z 1"t 5100 (B.3)
Xt

E=

Record in Taple B.1 the value of E for each particle number @oncentration.

B.10 Determine the coincidence error limit of the sensor by plotting a line with a slope of 95 % qf the
theoretical r¢lationship (see B.7) and the same intercept, b, as the theoretical relationship on the graph
constructed |n B.7. The lowest particle number-Cancentration, in particles per millilitre, at which the datg line
crosses the 95 % line is the coincidence error. limit of the sensor. If the data line does not cross the 95 % line,
report the limit recommended by the manufacturer as the coincidence error limit of the sensor and useg this
value for all [subsequent work. Record ¢he" coincidence error limit, in particles per millilitre, of the sensor in
Table 3 and Trable B.1.

22 © 1SO 2010 — All rights reserved
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Annex C
(normative)

Flow rate limit determination

1ISO 11171:2010(E)

Figure C.1 is a flow chart of the flow rate limit determination procedure. Perform the flow rate limit
determination when a new APC is received, or following the repair or readjustment of an APC or sensor.

IMP(Q
calib|
cont

RTANT — It is essential that the flow rate limits determined in this annex be followed in all APC
ration and sample analysis work. APC calibration is sensitive to flow rate. At.high flow rates,
hminant particles may not be present in the sensing volume long enough for the-eledtrical signal

to develop fully. Also, the time interval separating successive particles may,be-so small that the

elect

Increment flow rate

Yes

ronics are unable to distinguish them as individual particles.

Prepare
particle counter,

Y

Set flow 10 20'%
of workingflow rate

vy

Prepare dilution of
RM 8632 concentrate

Y

Analyse sample

Is flow rate
less than 160 % of
working flow
rate?

Plot results versus
flow rate

©1SO

Y

Determine flow rates
where results differ
by more than 5 %

(C

Flow rate limit

determination completed

)

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 wh

ether

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 Model Date
Serial No. Operator
Sensor Model
Serial No.
Noise level
Working flow rate
Flow rate limits
Coincidence eyror limit
Particle counts
Nfe 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, prgceed
to C.14.
C.4 Setthe APC to the cuiulative mode. Use the calibration curve determined in 6.8 to set the first channel
to 5 um(c) oy the smallestyarticle size of interest. The data from other channels are ignored during the flow
rate limit det¢rmination-Let the flow rate number, ng, equal 1.
NOTE Al channels are typically arranged in order of increasing threshold setting, unless otherwise recommended by
the APC mandfacturer.
C.5 Calculate the flow rate, g, to be used using Equation (C.1):
Ng 9
q= fr Mm (Cl)
5
where
ng is the flow rate number;

gy is the working flow rate, in millilitres per minute.

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

24 © 1SO 2010 — All rights reserved
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C.6 Prepare a sample of RM 8632 in clean dilution fluid as specified in A.4 to A.6.

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 um(c) or the smallest particle size of interest for each
value of N shown in Table C.1.

C.9 attrate-the—particle—countdata Ag-the—¢ el v : o) equal to the
apprgpriate value shown in Table C.2, proceed to C.9. If D is greater than the appropriate vaJue shown in
Tablg C.2, discard the data and suspect an error in the analytical technique. Repeat C.6(o C.§ after taking
apprgpriate corrective action (see Note to 6.3).

Table C.2 — Maximum allowable differences, expressed as percentages,
in particle counts between runs (see 6.3 and D4)

va Step 1: use these values for the Step 2 us€ these values for the maximum
If K (average number of . I bl f I bi h h b f |
counts) is maximum allowable Dq for allowable Cy when the number |of samples
individual samples analysed is (see F.5 and|E.9)
gregter than | i jess than | (see 6.3, B.5, C.9, D.4, D.8, and F.5) [<N=3 | N=6 | N=10 | N=[po | N=40
or gqual to
1p 000 11,0 7,8 53 4,0 27 1,8
5 000 10 000 11,3 7,8 53 4,0 27 1,9
4000 5 000 11,9 7,9 54 4,1 29 2,1
1 000 2000 13,4 8,0 5,6 4,3 3L 2,4
500 1000 15,6 8,2 59 4,7 3,p 2,9
200 500 19,3 8,9 6,8 57 4.v 4,1
100 200 27,5 10,0 8,0 7,0 6,[L 55

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

C.11| If n;, > 8, proceed to C.12. If not, increase n;, by 1 and repeat C.4 to C.10.

C.12]| Plot thexnumber of counts as a function of the flow rate on a linear-linear graph and connect the data
points bysa\smooth curve.

C.13-betermine-theflowrates—above—and-betow-the VVUI:\;IIU flowrate—that y;c=d cotnts—that—differ by more
than 5 % from those observed at the working flow rate. These are the flow rate limits of the APC. Record the
flow rate limits in Tables 3, B.1, and C.1.

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.
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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. 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

Figure D.1 is a flow chart of the resolution determination procedure. Perform th

e resolution

determination when a new APC is received, or following the repair or readjustment of an APC or sensor.

Resajution shall be determined using a polystyrene latex sphere suspension with a nominal-pa

10

resolption at smaller sizes when a high degree of particle-counting accuracy is required.fhe sm

whic

calibi
shou
resol
actio

NOTH
micro
acce(
estab

D.2

a)

b)

wher

d)

(4.1). Because resolution varies as a function of particle size, operators may also wish'to@

resolution should be measured is 2,1 times the threshold noise level of the APC,(see Anne
ation curve determined in Clause 6 to determine the corresponding size as discussed in D
d be aware that optical artefacts may occur that yield apparently poor "resolution reg
ition is obtained, contact the APC manufacturer to determine the reason and discuss thg
N to be taken.

The procedures can be carried out manually or by the use of appropriate software for tho
brocessor controls. Alternatively, resolution can be determined through the use of an MCA. Su
table, provided the relationship between the measured voltage of the. MCA and the APC threshold se|
ished. In general, an MCA provides faster, more accurate results .than the differential half-count metho,

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
aerosol OT dilution fluid (4.3) to achieve a.particle concentration that is approximately
oncentration limit for the sensor;

¢

q

estimate the volume of concentrate, Vg in millilitres, needed to make the polystyrene
uspension using Equation (D.1):

VS XL TCdE
p=—s LAl
6x10%% x wg

11

is the final-voJlume, in millilitres, of the polystyrene latex sphere suspension;
is the{desired particle concentration, in particles per millilitre;

is\the mean diameter, in micrometres, of the polystyrene latex spheres indicated on the
analysis (see 4.1);

irticle size of
etermine the
allest size at
X A). Use the
3. Operators
ults. If poor
b appropriate

se APCs with
ch practice is
tting has been
d.

Hed to clean

25 % of the

latex sphere

(D.1)

certificate of

is the solids content, expressed as a percentage mass fraction, in the polystyrene
concentrate (this value is typically supplied by the manufacturer of the polystyrene latex

latex sphere
spheres);

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 poly
sphere concentrate, V,, to a sample container approximately 75 % full of clean aeroso
fluid (4.3) and dispersing the sample by mechanical shaking for at least 1 min.

© 1SO 2010 — All rights reserved
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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) set the first channel to 1,5 times the threshold noise level of the APC;

b) set the third channel to the threshold voltage setting corresponding to the polystyrene latex sphere size;

C) set the gecondchannettothethreshold vuitayc octt;lly CottespPot |d;||g to-O;72-times-the-threshotd-ve Itage
setting df the third channel;

d) set the fourth channel to the threshold voltage setting corresponding to 1,32 times the threshold vqltage
setting df the third channel.

Only the diffgrential particle counts of the second and third channels are used.

NOTE1l DJp, D.4 and D.5 specify the moving-window differential half-count method fer)determining the thrgshold

setting that ¢
resolution. Ing
canresultin a

NOTE 2
apparent parti
stated by the
50 % larger th

NOTE3 Td
as indicated i
process until t
described in D

D.4 Dispern
the sample
particle cour
particle courn
Table C.2, p
to D.4 after t

D.5 Calcul
Equation (D.

- [+

Due to differences in the optical properties of the polystyrene latex'spheres and the calibration dust (4.4

rresponds to the median polystyrene latex sphere size. These data are critical to determining g
ccurate determination of the threshold setting corresponding to the median polystyrene latex spher
bparently poor sensor resolution and failure of the APC to pass the sens@r performance specification.

Cle size obtained using an APC calibrated in accordance with thisrnternational Standard differs from th
supplier of the polystyrene latex spheres. As a first approximation, choose a particle size that is 1d
AN the particle size stated by the supplier of the polystyrene fatex spheres.

determine the half-count setting more rapidly, perfarin D.3 to D.5, but obtain only one count (instead
D.4) of at least 500 particles in the second channel. Readjust the channels as necessary and repe
he half-count condition described in D.6 is achieved. Following this, repeat D.3 to D.6 using five cou
4.

se the diluted polystyrene latex sphére sample by mechanical shaking for at least 1 min.
Linder vacuum or ultrasonically until the bubbles rise to the surface. Obtain five conseq
ts, each consisting of at least*10 ml and 2 500 particles in the second channel. Evaluat
t data using the criteriardescribed in 6.3. If Dy is less than the appropriate value sho
oceed to D.5. If not, discard the data and suspect an error in the analytical technique. Repea
king appropriate correetive action (see Note to 6.3).

pte the differencey D, expressed as a percentage, between the second and third channels

D)

N,

—J %100
N3

ensor
P size

1), the
e size
% to

bf five
at the
hts as

egas
utive
e the
vn in
it D.2

using

(D.2)

where

N, is the mean number of particles counted for the second channel,

N5 is the mean number of particles counted for the third channel.

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 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.
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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)

b)

c)

d)

e)

Only [differential counts are used to determine resolution.

D.8

the dample under vacuum or ultrasonically until the bubbles ris€ 1o the surface. Obtain five
partigle counts, each consisting of at least 10 ml and 2 500 particles in the second channel.
partigle count data using the criteria described in 6.3. If Dsvis less than the appropriate val
Tablg C.2, proceed to D.9. If not, discard the data and suspectan error in the analytical techniqug
after taking appropriate corrective action (see Note to 6.3):

D.9

D.10]| Calculate the apparent standard deviatieri_of the APC using Equations (D.3) and (D.4):

- d

" 6In[1+2(Ng /Np)]

| d

" 6In[1+2(Nc /Ng)]
where

Set the first five channels of the APC as follows:

set channel A, the first channel, to the threshold voltage corresponding to 0,72 times t
voltage of channel C;

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

he threshold

L I | I Y Y tlaie ol I ] + 4l +lo laaleal e N H + +la : £ 4l
CCH UITaimicT O imeummmu UimarimeT,  at e Ut ormutu STy COTTTSPUTITUNTTY TU UTC SIZCTUT UT

latex sphere determined in D.5;

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

oltage of channel C.

Disperse the diluted polystyrene latex sphere sample by mechanical shaking for at least

Calculate the mean differential particle concenttation for each channel.

172

L Istheapparent left or negative-side standard deviation, in micrometres;

172

R Js\the apparent right or positive-side standard deviation, in micrometres;

polystyrene

get channel E, the fifth channel, to the threshold voltage corresponding to 1332 times the threshold

| min. Degas

consecutive
Evaluate the
ue shown in
. Repeat D.8

(D.3)

(D.4)

d is-the annarant nolvstvrana latax snhara csiza N1 micramaetras ohtaimed usina-thae cali
IS—tRe—apparetporStHeRetatex—Sphere—siZe—icreometesS;—oebaieadusiigthe—-at

bration curve

obtained in Clause 6 and the threshold setting for the third channel;
N, is the mean number of particles counted for channel A,
Ng 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.
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29


https://standardsiso.com/api/?name=b6db19faba50d7ce8f0da1c5e3e32175

ISO 11171:2010(E)

D.11 Calculate the positive- and negative-side resolution (R and R, respectively) using Equations (D.5) and

(D.6):
[2_ .2
_1004s{ —sj (D.5)
L '
[2_.2
~1004/sg — s (D.6)
R—— .

d

where s; is the standard deviation of the polystyrene latex sphere size, in micrometres, stated by the supplier.

The APC res

D.12 The rqg
nominal size
equal to 59
greater than
an error in th
latex spheres
corrected, ar

NOTE
APC manufac

D.13 If the
distribution u

a) Determi

as detenqmined in D.6. Divide the size range into @t least 10 equal size increments and determin

correspd

many of
b) Prepare
set to th
particleg
the charf

Normalij
the total
order of
cumulati

c)

d) Plotthe

Ome method of correcting poor resolution is to clean the system in‘accordance with the instructions

olution, R, is Rg or R, whichever is greater. Record d, sg, S, Rg, R, and R in Table 3.

solution of the sensor is acceptable if R is less than 15 % for polystyrene latex, spheres \
of 10 um (see 4.1) and the absolute value of the difference between Rg and'R, is less th
. If R equals or exceeds 15 %, or the absolute value of the difference between Rg and
5 %, the APC is unacceptable and needs to be serviced or replaced. Alternatively, there m
e procedure used to prepare or analyse the polystyrene latex sphere sample, or the polyst
b themselves might not meet the requirements of 4.1. In this case, the_error shall be identifie
d the resolution determination procedure specified in this annex repeated.

urer.

A\PC fails to meet the resolution requirements of D,12; check the polystyrene latex spherg
5ing an MCA or APC in the cumulative mode as faollews.

he the size range corresponding to 0,85 and_1;15 times the size of the polystyrene latex sp

nding threshold settings using the calibration curve obtained in Clause 6. Set the channels
these threshold settings as possible;

and analyse a polystyrene latex sphere sample as described in D.2 and D.4, but with the
E cumulative mode. Repeat-the analysis at different threshold settings until sufficient numb
have been obtained for allof the size increments. When repeating the analysis, do not ch
nel corresponding to the smallest size.

e the results of eachrun by expressing the number of counts in each channel as a percenta
counts observed-in the smallest channel for the same run. Compile the normalized resy
ascending size-ih a table. For each size, calculate the differential percentage by subtractin
ve results-foreach size from the cumulative results for the next largest size.

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

vith a
an or
R is
ny be
rene
1 and

of the

size

heres
e the
to as

APC
brs of
ange

ge of
Its in
g the

The curve pl

tted in item rl) should be Gaussian (hnll-chapnd) in appearance with no annndnr\/ pnnl{

, 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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Prepare particle counter
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|
| |
[
[
[
[
| | Do second No
| | and third channels differ
| | by more than 3 %?
[
[
[
[
[
| | Y
[
| | Is difference Determine new
| | between these channels chapnél,settings and
I I minimized? set first five channels
[
[ Y
I I Analyse latex
| | i ] sample
| L Readjust first
| four channels v
I Calculate resolution
|
|
|
I
Repair or .
LM ; Is resolution
rep'ig‘: rﬁz:“c'e less than 10 %?

Resolution determination
completed

Figure D.1 — Resolution determination procedure
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E.l
performance

E.2 If the rq
If not, the AP

E.3

IMPORTANT

obtained by
preparation
rejection of
from the co
by weighing
1,00 mg/L R

E.4 Dispern
least 1 min tq

E.5 Setthe APC to the cumulative mode and set the threshald“voltage settings to at least six different

between 5
of the APC 3
calibration ct
to these siz¢
within this ra

E.6 Adjust

E.7 Degas
turn the sam
five consecu
size for the 9
the data and
action (see N

E.8

Prepaie three identical samples containing 1,00 mg/l of RM 8632 (4.7) suspended in clean‘difution

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

2010(E)

Annex E
(normative)

Verification of particle-counting accuracy

when a new APC is received, or following the repair or readjustment of an APC or sensor.

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

bsolution determined in Annex D meets the acceptance criteria described in D.12, proceed-iq
C system is unacceptable and needs to be serviced or replaced.

— It is critical that the dust concentration in this sample be accurate bgcause the re

or counting can contribute to deviations from the values in Table A1 which could res
an otherwise acceptable sensor. The three 1,00 mg/l RM 8632 samples may be pref
hcentrate prepared in A.4. When this method is used, be carefulto avoid errors introd
, volume measurement and settling. Alternatively, one may wish to consider purch
M 8632 samples from areliable source that certifies its work

se the sample ultrasonically for at least 30 s and then shake it on a mechanical shaker
disperse the dust. Keep shaking the sample until it is to\be analysed.

M and 15 um (inclusive). These settings shall be-greater than 1,5 times the threshold noise
ind shall include the smallest particle size of\interest as well as 5 um(c) and 10 pm(c). Ug
rve previously determined in Clause 6 to.determine the threshold voltage settings correspo
s. If the sensor is incapable of counting.at one or more of these sizes, choose alternative
hge.

the flow rate to the working flow rate.

the sample under vacuum,or ultrasonically until the bubbles rise to the surface, and then ¢
ple bottle over at least-fivé times, taking care not to introduce air bubbles into the liquid. G
ive particle counts, €ach consisting of at least 10 ml and 10 000 particles at the smallest p3
ample. If the data_mieet the quality criteria specified in 6.3, proceed to E.8. If they do not, di

ote to 6.3).

E.9 Fored

E.3.

fluid.

sults

analysis of it are compared to the values given in Table A.1. Inaccuracies in sample

ult in
ared
uced
sing

for at

sizes
level
e the
nding
sizes

ently
btain
irticle
scard

suspect an errér in the analytical technique. Repeat E.3 to E.7 after taking appropriate corrective

ch-particle size, calculate the mean particle concentration, X , and the coefficient of variatio

N, Cy,

expressed as a percentage, for the three samples using Equation (E.1):

10

Cy

where

X

N(N —1)

X'i is the mean particle concentration at a particular size for sample i;

N

32

is (in this annex only) the total number of samples.

(E.1)
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If the C,, for any particle size is smaller than the corresponding values in Table C.2, compare the mean for
each size to the appropriate limits given in Table A.1. If X falls within the limits given in Table A.1 for all six
sizes, sensor performance is verified. Report the published particle concentration 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
suspect an error in the sample preparation or analytical technique. Repeat E.3 to E.9 after taking appropriate
corrective action.

If X falls outside the limits given in Table A.1 for particle sizes larger than or equal to 5 um(c), then the APC
system is unacceptable and needs to be serviced or replaced. Alternatively, there may be an error in the

dira ricad A nranay
oorc—o

nalvca tha varificatinn camnlne 1n thn aalilhyatian 1 thia latiay ~o

proce
shall

No

O o or 0
SCTUtopPrcpparc— o arary Sc—uric—ve T

be identified and corrected and the procedure in Annex E repeated.

TCTtroOTT STTTPITC ST U e CTiTioTotr ot

Is resolution
acceptable?

——

Prepare 1 mg/l dilution
of RM 8632 concentrate

Y

Prepare patticle
counter

Y

Analyse samples

A\

Calculate mean
and coefficient of
variation

Are mean
and coefficient of
variation acceptable
for all sizes?

e roete g

Sensor performance
verification completed

)

©1SO

Y

APC system \ B
unacceptable for use J‘

No

Is there a
procedural or analytical
error?

L]

Take corrective action

Figure E.1 — Verification of particle-counting accuracy
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F.1 Figure
shall be us
desirable to
more than o
practical.

To prepare
suspensions
secondary ¢
accordance

employed fol

F.2
test system i
of at least 8

concentratio shall be such that the particle concentration does not exeeed 75 % of the coincidence erro

for the sens

closures (4.9).

Due to possi

NOTE TH
suspensions.

F.3 Calibrg
The APC u
performance
APC with the
etc., shall be
F.4 Select
F.5 Analys

Evaluate the

Prepate a minimum of 30 bottles of secondary calibration samples using a properly validated multi

Annex F
(normative)

Preparation and verification of bottles of
secondary calibration suspensions

F.1is a flow
tilize secondary calibration suspensions instead of NIST calibration suspensions. For exam
ne APC needs to be calibrated, the use of secondary calibration suspensions may- be

secondary calibration suspensions, one APC, calibrated using NIST primary calib
that conform to Clauses 5 and 6, is needed for reference. Calibration of the.reference APC
hlibration samples is unacceptable. Bottles of secondary calibration suspensions prepar
vith this annex can be used for sizing calibration instead of NIST primary,Calibration suspen
other purposes.

N accordance with ISO 16889 or a similar system capable of mixing a total volume of suspe
. Use ISO MTD (4.6) to prepare the samples. Use clean dilution fluid (4.2) as the fluid. The

bor. Collect and store samples prepared in this.fmanner in clean, sealed containers

ble batch-to-batch variability in test dusts, the use of NIST RM 8631 is recommended.

e shelf-life of the secondary calibration .sanples is the same as that of the NIST primary calil

ite an APC in accordance with Clauses 5 and 6 using NIST primary calibration suspensions
sed to verify the bottles-'of/ secondary calibration suspension samples shall meet all
specifications described ir'this International Standard. Where a choice of APCs is availablg
best performance, jnterms of coincidence error characteristics, threshold noise level, resol
used.

particle sizes_and corresponding threshold voltage settings using the criteria specified in 6.2

e in accordance with 6.2 and 6.3 every fifth sample bottle prepared in F.2.

chart of the procedure to prepare secondary calibration suspensions. This a

nnex

it is
ple, if
more

ation

with
ed in
sions

Lpass
nsion
dust
rlimit
with

ration

4.4).

APC

2, the
ition,

n the

appropriate \

particle count data for each sample bottle using the criteria described in 6.3. If Dq is less thg

eater

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
to 6.3).

For each threshold setting, calculate the mean, standard deviation and coefficient of variation using
Equation (E.1). If the C,, 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 C,, for each threshold setting 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 F.5.

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

Prepare and analyse
every fifth sample

Y
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of variation

for each size
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of variation
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Figure F.1 — Procedure for-preparation and verification of secondary calibration suspgnsions
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APC

Table F.1 — Secondary calibration suspension validation data sheet

Model

Sensor

Date

Serial No.

Operator

Model

Noise level

Lot No.

Serial No.

Concentration

Flow rate

Particle g

ze, um(c)

Threshold setting

Mean particle c

oncentration for indicated sample bottl

e (particles/ml)

Sample b

ottle 1

Sample b

ottle 6

Sample b

ottle 11

Sample b

ottle 16

Sample b

ottle 21

Sample b

ottle 26

Sample b

ottle 31

Sample b

ottle 36

Sample b

ottle 41

Sample b

ottle 46

Sample b

ottle 51

Sample b

ottle 56

Sample b

ottle 61

Sample b

ottle 66

Sample b

ottle 71

Sample b

ottle 76

Sample b

ottle 81

Sample b

ottle 86

Sample b

ottle 91

Sample b

ottle Yb

Sample bottle 101

X (particles/ml)

Standard

deviation

Cy

36
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Annex G
(informative)

APC calibration round robin

G.1 Background

A royind robin was conducted to evaluate an earlier draftl!2l of this International Standard| Only minor
techrjical differences exist between the earlier draft and this International Standard. Laboratories participated
in theg round robin numbered 27. Results were obtained from 29 APCs, including 24 light extincfions sensors
and five light-scattering sensors. Together, the round robin included APCs produced\by six different particle
counter manufacturers and 12 different models of particle sensors.

Partigipants were supplied with samples of calibration fluid, 10 um polystyrene-tatex spheres suspended in olil,
and dry ISO UFTD. Because the round robin was conducted prior toCNIST completing cértification of
SRM|2806, participants were provided with a size distribution of the calibration fluid determined using the
ISO 4402:1991[1 AC Fine Test Dust (ACFTD) calibration method. Wheh’the NIST certification af the primary
calibfation samples was complete, the ACFTD particle sizes origifially obtained in the round robin were
converted to the new ISO 11171 particle sizes. To establish a{correlation between particle siges obtained
using 1SO 4402:1991[! and 1SO 11171, three laboratories from-the original round robin calibrated| five APCs in
accofdance with 1ISO 4402:1991[! and 1ISO 11171:1999. APGs-representing three different manufacturers and
five different types of sensor, including two light-scatteringZand three light-extinction sensors, were involved.
Tablg G.1 shows the resultant correlation between 1S0.4402:1991[11 ACFTD particle sizes ang 1SO 11171
NIST| traceable particle sizes. This table was used to-convert the ACFTD sizes obtained in the griginal round
robin|to NIST sizes.

Table G.1 — Correlation between particle.sizes obtained using APCs calibrated in accordance with
ISO 11171 (NIST suspensioh) and the withdrawn 1SO 4402:1991[11 (ACFTD)

Particle size detérmined using an APC calibrated in accordance with
ISO 11171 (NIST suspension) ISO 4402:1(%1;%")"%“3""”)
pm(c) pm
4 <1
5 2,7
6 4,3
7 5,9
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
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calibration suspension samples. ISO MTD is also used in the multi-pass filter test procedure of 1ISO 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 pm to 30 um
dust?) 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 consitute an endorsement by ISO of this product.
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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, Xiog, standard deviation, s, and coefficient of variation, Cy .y, are defined by
Equations (G.1), (G.2), and (G.3):

N _
Zlogxi
i=1

Klog =+~ (G.1)
N
Z(Iog?i —Ylog)
5 = |[1= N1 (G.2)
Fuiog =0 ©3)
wherg

X i is the mean particle concentration data reported by laboratory i at a specific size;
N is the number of APCs submitting dataforthe indicated size and type of sample.
Valugs of X log, s, and Cy log are reported ifithe statistics sections of Tables G.2, G.3, and G.4.

Using Ymg and s, the mean and 95 % confidence intervals for the particle concentration and $ize for each
type pf sample were estimated. The mean, X g, upper, Xu, and lower, X, 95 % confidence intervals for
the pprticle concentration are defined by Equations (G.4), (G.5), and (G.6):

X G =10% 09 (G.4)
X u =102 xX& (G.5)
XL =10-2°x X 6 (G.6)

Using the X g and s results. the 95 % confidence intervals for particle size. dy and d,. respectively, were
obtained for each type of sample. The particle size distributions were determined by linear regression of the
corresponding X g 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 equation, d,
dyandd,.
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Table G.2 — Sample A results

barameter Particle size, um(c)

4,2 4,6 51 6,4 7,7 9,8 11,3 13,6 17,5 21,2
Statistics
X log 3,79 3,68 3,53 3,15 2,75 2,10 1,71 1,03 0,40 0,10
s 0,02 0,03 0,04 0,06 0,10 0,14 0,16 0,17 0,15 0,17
Cv,log 0,45 0,87 1,01 2,02 3,64 6.84 9,18 16,35 37,44 168
n 10 19 6 27 22 28 4 28 15 46
95 % confidence intervals for particle concentration, particles/ml
Xo 6 105 4739 3414 1420 558 125,64 51,27 10,74 2,50 1,26
Xu 6 601 5489 4021 1905 884 243,31 105,67 23,35 4,98 275
XL 5647 4092 2899 1059 352 64,88 24,88 4,94 1,26 058
95 % confidence intervals in particle sizing, pm(c)

d 4,2 4,6 51 6,4 7,8 9,8 11,1 13,6 17,6 21,1
dy 4,1 4,4 4.8 6,0 7,1 8,9 10,1 12,2 15,4 17,2
d. 4,3 4,8 54 6,9 8,4 10,7 12,2 15,4 211 30,3

Table G.3 — Sample Biresults

barameter Particte size, um(c)
4,2 4,6 51 6,4 7,7 9,8 11,3 13,6 17,5 21,2

Statistics
X log 3,23 3,12 3,01 2,75 2,54 2,27 2,15 1,91 1,63 137
s 0,03 0,03 0,04 0,04 0,04 0,04 0,01 0,06 0,02 0/j07
Cv,log 0,81 0,86 1;26 1,30 1,63 1,94 0,37 3,40 1,49 524
n 10 19 5 27 22 28 3 28 11 46
95 % confidence intervals for particle concentration data, particles/ml
Xo 1692 1,326 1020 563 346 188 141 80,65 42,38 2352
Xu 1909 1501 1214 663 418 231 147 108,66 47,38 32,75
Xi 1/500 1171 856 477 286 154 136 59,86 37,91 16,89
95-%-confidenrcethtervals-rpartietesizrgpme———

d 4,2 4,6 51 6,4 7,8 9,8 11,0 13,6 17,5 21,2
dy 4,0 4.4 4,8 6,0 7,2 9,1 10,8 12,1 15,5 18,8
d. 4,4 4,9 5,5 6,9 8,4 10,6 111 15,2 19,7 23,8
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