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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The 2020 revision of ISO 11171 was initiated due to depletion of supplies of the National Institute of
Standards and Technology (NIST) Standard Reference Material® (SRM) 2806b, which is required for
primary calibration of liquid automatic particle counters (APC) using ISO 11171:2016. The 2016 edition
of ISO 11171 also provides an option for reporting particle size in units of either pm(c) or pm(b), which
has resulted in confusion among users of particle count data. um(b) sizes are about 10 % larger than
the corresponding pm(c) sizes. Thus, pum(b) concentrations can be as much as 8 times (3 ISO Codes)
lower, and um(b) filter Beta Ratios can be an order of magnitude lower than the same numerical value
reparted in pm(c) This is problematic when attempting to caonform with fluid cleanliness and filter

perfformance specifications.

ISO[ 11171:2020 addresses these issues by specifying the historically consistent, traceable pm(c) as
the|sole acceptable means of reporting particle size. Unlike the 2016 edition, 1SO-11171:4020 is not
degendent upon a specific batch of SRM 2806, as NIST henceforth certifies the material as alconsensus
stapdard to minimize the potential for shifts in particle size with future batchesVAdditional r¢finements
to IS0 11171 facilitate calibration at smaller and larger particle sizes.
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Hydraulic fluid power — Background, impact and use of

IS

011171:2020 on particle count and filter test data

1 Scope

This document provides the background for ISO 11171:2020 and the use of pm(c) as the sole means of
replorting particle size for APC particle count data. It also summarizes results of the internatfonal inter-
labpratory study (ILS) of its reproducibility using SRM 2806d candidate material and-susspgensions of
Refprence Material (RM) 8632a. The ILS results provided the basis for certification of SRM 2806d used
for [primary calibration of APC. Their implications with respect to particle counting and filter testing
areldiscussed in this document.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
corfstitutes requirements of this document. For dated references)yonly the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.
1SO| 3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and tenims used in
propability

1S0|3534-2, Statistics — Vocabulary and symbols — Part 2: Applied statistics

1S0|3534-3, Statistics — Vocabulary and symbals~= Part 3: Design of experiments

[S0|4406, Hydraulic fluid power — Fluids —Method for coding the level of contamination by solid particles
ISO[ 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part|1: General
principles and definitions

[SO| 11171, Hydraulic fluid power~ Calibration of automatic particle counters for liquids

ISO[ 16889, Hydraulic fluid power — Filters — Multi-pass method for evaluating filtration perfprmance of
a fifter element

3 | Terms and definitions

For| the purposes of this document, the terms and definitions given in ISO 3534-1, 1§0 3534-2,
1SO|3534-3,1S0 4406, 1SO 5725-1,1SO 11171 and ISO 16889 apply.

[SO|and IEC maintain terminological databases for use in standardization at the following addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

4 Undesirable consequences of ISO 11171:2016

ISO 11171:2016 specified the use of NIST SRM 2806b for primary APC sizing calibration. Prior to this,
SRM 2806 and SRM 2806a, which have the same certified particle size distribution, were used for
primary calibration. Supplies of SRM 2806 and SRM 2806a were exhausted by 2010. The replacement
batch, SRM 2806b, was released to the market in 2014. SRM 2806 and SRM 2806b were certified
by scanning electron microscopy (SEM), but SRM 2806b was produced by a different supplier and
advanced methods of metrology were used. An important difference between the batches is that the
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images of particles for SRM 2806 were manually processed, while SRM 2806b used automated image
analysis. Particle sizes obtained by APC calibrated with SRM 2806b were found to be about 10 % larger
than sizes obtained using SRM 2806 or SRM 2806a calibrations that yielded the same particle number
concentration. This 10 % difference in size is significant and prompted the revision of ISO 11171.

In response to the particle size shift, [SO 11171:2016 introduced an alternative method for reporting
particle size, um(b). Prior to 2016, APC calibrated with ISO 11171 reported particle size in units of pm(c).
With ISO 11171:2016, users had the option to report size in units of um(c) or um(b), whereby pm(c) sizes
were obtained by multiplying pm(b) sizes by a factor of 0,898 and are numerically equivalent to the
previous pm(c). Users wanting to report sizes directly related to the NIST SRM 2806b SEM results could
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size shift with each new batch of SRM 2806 certified in this manner. The challenge is to reduce the size
shift to insignificance.

Beginning with SRM 2806d, NIST will certify SRM 2806x as a consensus standard to reduce the potential
for a shift in particle size. Previously, SRM 2806 and SRM 2806b were certified by SEM analysis of the
calibration fluid, but there are many sources of uncertainty resulting in the apparent particle size shift
between batches. In contrast, a consensus standard, like SRM 28064, is developed in co-operation with
all parties with an interest in participating in the development or use of the standard. In this case, NIST
and ISO TC 131/SC 6 agreed to use the traceable SRM 2806 certification to define um(c) and APC (rather
than SEM) data to obtain the number concentration of particles as a function of particle size. To avoid
commercially significant shifts in particle size between batches, the certified particle size distribution
for SRM 2806x batches are based upon particle count data from ILS conducted using APC calibrated
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according to ISO 11171:2020 in pm(c) using the most recent previous batch of SRM 2806x. In the case
of SRM 2806d, SRM 2806b was used to calibrate all 4 APCs used to certify the ILS secondaries as per
[SO 11171:2020 and to maintain traceability. Samples of SRM 2806b had been put aside by NIST at the
request of the Project Leaders specifically for this purpose. The traceable secondaries were used to
calibrate ILS APCs. In this manner, the ILS data represents the industry consensus definition of pm(c)
and ensures that particle size does not deviate significantly with each new batch of SRM 2806x.

In addition to changes in the manner of reporting particle size and certification of primary calibration
suspension, ISO 11171:2020 also specifies how calibration curves are determined. Previously, there
was discretion in the way calibration curves were determined, e.g. how channels were selected,
wh thematical
function is used to create a calibration curve. Collectively, these legitimate discretiohary choices
increased uncertainty in particle count data and, in some cases, introduced artefacts inte the data. This
is addressed in ISO 11171:2020, which requires that data from at least 12 different threshald settings
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Inter-laboratory-study experimental design
inter-laboratory)study (ILS) of ISO 11171:2020 was conducted to:

Measure-the intra-company repeatability and inter-company reproducibility of particle

of RM-8632a;

ralibration
hstrument,
1 using the

strained cubic spline method. In this manner, the uncertainty betweenaboratories is reduced.
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count data

obtainédwising APC calibrated to the standard using SRM 2806d candidate material and syispensions

Generate particle count data to be used by NIST to certify consensus standard SRM 28

6d in size

units of pm(c);

Determine the extent, if any, of the shift in particle size resulting from the use of SRM 2806d; and

Generate particle count data for NIST RM 8632a that will provide a basis to update ISO 1
Table A.1.

The ILS experimental design consisted of:

1) Production of traceable secondary calibration samples for use by ILS participants.
2) Selection and qualification of participating laboratories and APC.
3) IS0 11171:2020 calibration of APC.
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4) Analysis of samples of SRM 2806d candidate suspensions and RM 8632a test dust, and

5) Analysis of data as per [SO 5725-2.

The ILS results were provided to NIST for use in certifying consensus standard SRM 2806d.

The traceable secondary calibration samples for use in the ILS were prepared by Aviation Industry
(Xinxiang) Metrology and Test Science Technology Company Limited, commonly known as CFPC. These
were used to calibrate the APC used by ILS participants. They were produced to the same specifications
as the SRM 2806d candidate material according to ISO 11171:2020, Annex F. Four laboratories were
selected to analyse the secondary calibration samples. Two of the laboratories, Pamas and CFPC,
utilized Padmas Tight scattering APC. All data for particle sizes of 1,5 pm{c) and Z pm{c] were generdted

by Pamas
light extin|
SRM 2806

instrumen

calibration fluid for analysis. The data from all four laboratories was analysed by NIST and use
generate the composite certified size distribution for the secondary calibration‘samples. Thus,

certified s

or manufa
performan

Eighteen APC participated in the ILS, including laboratories from five coufitries (USA, Germany, Un

Kingdom,
three APC

China, France), two different operating principles (light extinction, light scattering),
manufacturers (Pamas, Beckman, Stanhope-Seta).

The charagteristics of these 18 individual APC are summarized.in-Table 1.

ze distribution is not biased with respect to a single laboratory, APC*operating princ
cturer. ILS participants were required to demonstrate that their ‘APC met all ISO 11
ce specifications and asked to provide their most recent ISO 111%1:2016 calibration cu

light scattering APC. The other two laboratories, NIST and Beckman, utilized Bégkthan
ction APC. Each laboratory performed a full primary ISO 11171:2020 calibration-but uging
b for particle sizes up to 30 um(c) for light extinction sensors or to the largestrsizée that|the
tt was capable of counting for light scattering sensors. Each was sent five bottles'of secondary

to
the
iple
171
ve.
ted
hnd
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ILS participants calibrated their APC as per ISO 11171:2020 using the CFPC secondary calibration
samples previously described. Participants were asked to calibrate to the smallest size that their APC
was capable of counting and, if possible, to calibrate up to a particle size of 50 pm(c) or the largest
size that their APC was capable of counting. Each participant received 3 samples of SRM 2806d
candidate material and 1 bottle of RM 8632a to analyse. The candidate material samples were analysed
as described in ISO 11171:2020 at as many of the following particle sizes as possible using their
ISO 11171:2020 calibration: 1,5 um(c), 2 pm(c), 3 um(c), 4 um(c), 6 pm(c), 10 um(c), 14 um(c), 21 um(c),
30 pm(c), 38 pm(c) and 50 pm(c). Participants were also asked to prepare three 1,0 mg/L samples of
RM 8632a test dust and analyse these at as many of the integral particle sizes as possible between
2 pm(c) and 15 pm(c), inclusive. The results were provided to the Project Leaders and analysed as
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standard SRM 2806d. Further details regarding the ILS and the certification of SRM~28

are descrilped in Reference [6].
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Tables 2 and 3 summarize the ILS data for the SRM 2806d candidate material and ' RM 8632a samp
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y. Figures 1 and 2 show the mean particle concentration data frem\each ILS particig
hples in graphical form. As per ISO 5725-2, Mandel h and k, Grubbg test, and Cochran

to detect outlier data. Outlier data are noted in Tables 2 and 3‘nd were excluded from
hnalysis.
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), 10 um(c) and 14 pm(c) data of participant 13 for the SRM 2806d candidate samples;

(c) and 50 um(c) data of participant 7 for the SRM 2806d candidate samples;

), 7 um(c) and 8 pm(c) data for the second RIM 8632a sample analysed by participant 9;

) through 15 pm(c) data of participant.l for their RM 8632a sample; and

) data of participants 16 and 17 fextheir RM 8632a sample.

fo Figure 1, the SRM 2806d .candidate material data at particle sizes larger than 30 pr
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ted asymptotic behaviour. In some cases, the latex calibration samples were reportec
n appearance, suggesting that the water drops from the latex did not completely disp¢
tion fluid, thus)causing the APC to count water droplets. This results in the asympt
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solye Aerosol OT in the dilution fluid, thus ensuring complete dissolution. Guidance on }
5155Ue was added to 15O 1117172020 based upon these results.

Referring to Figure 2, RM 8632a data for participants 1 and 5 were suspected to be outliers. While
participant 1 consistently exhibited the lowest RM 8632a data, it did not meet the outlier criteria and
was not excluded. Participant 5 data was excluded as an outlier. These data were approximately twice
the mean value of all other laboratories at each size, suggesting that a math or weighing error occurred,
but this could not be confirmed.
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Figure 1 — Mean particle concentration versus‘particle size results for SRM 2806d

candidate material samples
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Figure 2 — Mean particle concentration versus particle size results for
1,0 mg/L RM 8632a samples
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Table 4 — Comparison of CV results from 2015 and 2019 ILS

2015 ILS 2019 1ILS
Pal:ticle Cv, % Cv, %
size
pum(c) Repeatability Belt::)(:en Reproducibility Repeatability Belt;/{)ien Reproducibility
2,56 % 10,3 % 10,7 % 1,51 % 3,7% 4,0 %
6 2,27 % 13,9 % 14,1 % 1,86 % 4,8 % 51%
10 2,51 % 23,7 % 23,8% 3,49 % 6,9 % 7,8 %
14 2,82 % 25,5% 25,6 % 595 % 9,2 % 11,0 %
21 4,65 % 20,5 % 21,0 % 9,77 % 15,3 % 18,2 %
30 8,98 % 42,0 % 42,9 % 23,5% 15,4 % 28,1 %
38 14,6 % 53,7 % 55,6 % 31,8 % 35,0% 41,3 %

8 |Impact of ISO 11171:2020 on particle count data

To assess whether SRM 2806d produced a shift in particle size (as ‘was observed upon the release of
SRM 2806b), 2019 ILS calibration curves and the most recent ISO 1+171:2016 calibration curvyes from 16
partticipating APCs were obtained. Using the constrained cubic $pline method and the most recent 2016
ration curves, threshold voltage settings corresponding\to integral pm(c) sizes for ea¢h of these
AP( were determined. The sizes that correspond to these threshold settings were then determined
usinhg the 2019 ILS calibration curve for the same APC¢In'this manner, 2016 and corresponding 2019
sizgs for each threshold voltage setting for each AP@were determined. The data were examined for
outliers and the remaining data used to determine*the average particle size shift for each size over the
range from 1,5 pm(c) to 30 um(c). It is noteworthy that the 2019 data are the basis for the|consensus
certification of SRM 2806d and are expected toeorrespond closely to the final certified sizeq.

Thils analysis suggests that the size shift will be approximately 5 times less than was obsefved when
SRM 2806b was introduced. A comparispn of 2016 and 2019 sizes (see Table 5) shows that the average

g Sensors.

Figure 3a
htion from
liers. This

illustrates
e solid line
es for each

calibrfation. The dashed lines show the 95 % confidence intervals for the data. The data shoxy

ws that the
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Table 5 — Comparison of 2016 versus 2019 particle sizes based upon ILS results

2019
2016 Difference Standard
ILS mean Ccv
particle size | Number of APC . . in size deviation
m(d particle size % um(d
um(c) %

1,5 1,6 5,35 % 0,09 5,82 %

2 2,1 5,36 % 0,20 9,44 %
3 3,0 -0,67 % 0,20 6,866
4 12 39 1,74 % 0,22 5,54 %
5 16 5,0 -0,57 % 0,27 0N 541%
6 16 6,0 -0,50 % 0,26 VT 430%
7 16 7,0 -0,10 % 030 (A 4,24 %
8 16 8,0 0,29 % 033" 4,09 %
9 16 9,0 0,20 % 0,36 3,98 %
10 16 10,0 -0,05 % 2, 20,40 4,01 %
11 16 11,0 -039% {0 044 4,00 %
12 16 119 1,09% & ° 0,47 3,96 %
13 16 12,9 -0,63 % 0,54 4,20 %
14 16 14,0 -0;35% 0,62 4,44 %
15 16 14,9 50,52% 0,71 4,75 %
16 16 15,8 1,37 % 0,80 5,08 %
17 16 167 O -1,86% 0,90 5,39 %
18 16 17,6~ 2,14 % 0,97 5,53 %
19 16 187" -1,66 % 1,08 5,77 %
20 15 w197 -1,54 % 1,14 5,79 %
21 15 ()" 208 -0,94 % 1,19 573 %
22 15 Y 218 -1,13 % 1,21 5,57 %
23 14 3’ 22,6 -1,87 % 1,37 6,07 %
24 1405 234 248 % 1,59 6,80 %
25 o198 23,9 -4,20 % 1,27 5,31 %
26 AV 12 24,8 -4,73% 1,37 5,55 %
27 INEY 25,5 5,38 % 1,39 5,44 %
28| A 12 26,3 -6,05 % 1,45 5,51 %
29 12 271 -6,69 % 1,52 5,619%
30 12 28,0 -6,65 % 1,66 5,94 %
Average -1,70 % 532%
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Table 6 — Effect of the particle size shift on SRM 2806d candidate sample and
RM 8632a sample particle count data

SRM 2806d Candidate Sample RM 8632a Sample
Size, 2016 um(c) [2019ILS um(c) | pifference in 2016 um(c) [2019 ILS pm(c) | pifference in
um(c) | Concentration, | Concentration concentration | copcentration, | Concentration | concentration
particles/mL particles/mL % particles/mL particles/mL %

2 5/ 115 40 450 -0,9 % 16 250 19576 -6,2 %

3 18 237 18 014 1,2 % 10 639 10528 1,0 %

4 11175 10 863 2,8 % 6772 6561 31 %

6 4 685 4642 0,9 % 1783 1761 1,3%

10 1073 1071 0,1 % 113,4 113,2 0,2 %

14 349,7 34,.6 0,9 % 16,2 15,5 4,1%

21 91,0 88,2 31%

30 21,2 14,0 33,8%
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Figure 4 — Effect of the observed particle size shift on particle count data
for SRM 2806d candidate

9 ImpactofISO 11171:2020 on filter performance data

To assess the impact of the observed size shift on filter performance results, Beta Ratio versus size data
for 5 filters representing a range of performance characteristics was obtained. The Beta Ratio results
for each filter as a function of 2016 particle sizes and 2019 sizes are given in Table 7. For illustrative
purposes, the results are also shown graphically in Figure 5 along with the results expressed in units of
um(b). The effect of the difference between the 2016 and 2019 um(c) sizes is negligible for particle sizes
20 um(c) and smaller. For sizes between about 20 um(c) and 30 pm(c), the effect is greater, consistent

14 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=04d76374e2474b72d526503982e4d951

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Undesirable consequences of ISO 11171:2016
	5 Rationale for ISO 11171:2020
	6 Inter-laboratory study experimental design
	7 Results of ILS
	8 Impact of ISO 11171:2020 on particle count data
	9 Impact of ISO 11171:2020 on filter performance data
	10 Use of ISO 11171:2020
	BIBLIOGRAPHY

