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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

ISO 11171:2022, like its predecessors, retains traceability to the internationally accepted definition
of a metre and reports particle size in units of pm(c). The methods for determining data acceptance
criteria, coincidence error limit, working flow rate and resolution remain unchanged, but mathematical
calculations and tools were first introduced in ISO 11171:2020 to ensure consistency in terms of how
automatic particle counter (APC) calibration curves are created and used. For example, mathematical
techniques have been introduced to determine the APC threshold settings used to obtain calibration
data and a tool provided to generate calibration curves. Other mathematical equations to estimate
the standard error of the calibration to calculate normalized concentrations for diluted samples, and
to ¢alibrate at particle sizes larger than 30 pum(c) were first introduced in 2020. This déeyment uses
exajmple calculations that fully conform to ISO 11171.
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https://standardsiso.com/api/?name=de9677efd28deb53cf69914b7d6fc45b



https://standardsiso.com/api/?name=de9677efd28deb53cf69914b7d6fc45b
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Hydraulic fluid power — Sample calculations for ISO 11171

1 Scope

This document shows how to use the normative mathematical formulae and tools of ISO 11171.
Examples are used to demonstrate their use for calibrating automatic particle counters (APCs).

2 |Normative references

Thd 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, only the edition cited applies. For
undated references, the latest edition of the referenced document (including.any’amendments) applies.

1SO| 11171, Hydraulic fluid power — Calibration of automatic particle counters for liquids

3 |Terms and definitions
For|the purposes of this document, the terms and definitions-given in ISO 11171 apply.
[SO|and IEC maintain terminology databases for use in standardization at the following addiesses:

— | ISO Online browsing platform: available at https:/#vww.iso.org/obp

— | IEC Electropedia: available at https://www.electropedia.org/

4 |Example 1: Selection of threshold voltage settings

The method of selecting threshold voltages for particle sizing calibration is specified in ISO 1[1171:2022,
6.3/ which requires that:

— | aminimum of 12 differefit threshold settings be used to construct a calibration curve;
— | the first (lowest) thfeshold setting, J, be 1,5 times the threshold noise level of the APC;

— | the highest thréshold setting, H, corresponds to a particle size of approximately 30 pm(c) or smaller
for primary €alibrations and corresponds to a size that does not exceed the largest reported particle
size that isih conformance with ISO 11171:2022, Annex F, for secondary calibrations;

— | intermediate threshold settings be logarithmically spaced such that the value of each channel is K
times greater than its preceding channel, where K is a constant defined by Formula (1):

OoaH loa NG 1)
AN

K=10"""

(W
where G is the number of threshold settings used to construct the calibration curve and is greater
than or equal to 12.

This example considers an APC with eight threshold settings that can be adjusted in 1 mV increments.
The threshold noise level of the APC was determined to be 5 mV and its manufacturer indicated that
30 pm(c) is expected to correspond to a threshold voltage setting of about 2 600 mV.

©1S0 2023 - All rights reserved 1
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The calibration curve will be determined using 12 threshold voltage settings, the minimum number
permitted by ISO 11171. Thus, the value of H is 2 600 mV and the value of G is 12. The value of J is

determined by Formula (2):
J=1,5x5=7,5

(2)

Since this APC can only be adjusted in 1 mV increments, the value of J is rounded up to 8 mV for
calibration. Using the values of G, H and J, the value of K can be calculated by Formula (3):

(3)

The threshold settings for the 10 intermediate channels are set at values corresponding to 1,692 times
the value df each preceding channel as shown in Table 1.

Table 1 — Threshold voltage settings for APC in Example 1

Threshold setting number Calculation Thresholdwvoltage setting
1 1,5x5mV = 8mV
2 1,692 x 8 mV = 14 mV
3 1,692 x 14 mV = 23 mV
4 1,692 x 23 mV = 39 mV
5 1,692 x 39 mV = 66 mV
6 1,692 x 66xmV = 111 mV
7 1,692 xAH mV = 188 mV
8 1,692\x 188 mV = 317 mV
9 15692 x 317 mV = 537 mV
10 1,692 x 537 mV = 908 mV
11 1,692 x 908 mV = 1537 mV
12 1,692 x 1 537 mV = 2600 mV
a2  Threshgld voltage settings rounded off to thé nearest mV based upon the capabilities of the APC in the example.
This APC gnly has the minimum number of channels required in ISO 11171:2022, 6.4 (eight channg¢ls),
but ISO 11171:2022, 6.3, requires_data from twelve or more threshold settings to construct a calibration
curve.ISO[11171:2022, 6.8, requires that data from at least two different samples be obtained for each of

the threshpld voltage settings.{refer to ISO 11171:2022, 6.8) and that the channels used for a particilar

sample be
this examyj

sample anI
e

An examp
the first cq

distributed over“the entire range to the extent possible. To meet these requirement
le, eight different threshold settings chosen from the list of twelve can be used for the f]
different.combinations of eight threshold settings used for each of the other two sample

of how to allocate threshold settings among the eight channels is shown in Table 2, wh
lumn lists the twelve required threshold voltage settings and columns 2, 3 and 4 show

channels

sed to collect data at these settings for the indicated camp]p The last column in Tab
(=] ———

5 in
irst
S.

ere
the
e 2

shows the number of samples for which data are obtained for each threshold setting, confirming these
requirements have been met.
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Table 2 — Allocation of threshold voltage settings among the eight channels

of the Example 1 APC
Threshold Channel number corresponding to indicated threshold Number of samples
voltage voltage setting and sample atindicated thresh-
setting mV? Sample A Sample B Sample C old voltage setting
8 1 2
14 1 2
23 2 2
39 3 2 2
66 D
111 4 5 D
188 5 D
317 5 D
537 6 7 D
908 7 D
1537 7 8 D
2600 8 D

Threshold voltage settings determined in Table 1.

Example 2: Evaluating data quality

1S0|11171:2022, 6.6, specifies how to verify the accgptability of particle count data for APC falibration

purlposes. In brief, the process involves:

calculation of the data quality factorj.Dg;

identification of potential outliers'among the data if the D, is unacceptable.

calculation of the total number of particles, N, counted for a given APC channel and sample;

This process is used throughoutISO 11171 to ensure the integrity of data used for APC calibrjation. This

example uses a calibration-suspension sample analysed as described in ISO 11171:2022, 6|

usi

5 and 6.6,
1g a sample volume, 15.0f10 mL. Unless otherwise noted, the term “particle concentratiof” refers to

curhulative particle goheentration throughout this document. Particle concentrations pf 26 068
partticles/mL, 25 757 particles/mL, 25 802 particles/mL, 31 771 particles/mL and 25 834 particles/mL
were obtained. THe mean particle concentration, X , for these five counts is 27 046. The meah observed

nurhber of partieles counted for the five particle counts, X, is given by Formula (4):

Th¢ total number of particles, N, counted for the sample is calculated using Formula (5):

X =XV'=27046x10=270 460

N=5X=270460x5=1 352300

4)

(5)

This value is greater than 1 000, as required by ISO 11171:2022, 6.6, hence is sufficiently high for
calibration purposes.

Using ISO 11171:2022, Table C.2, and the value of X previously calculated, the maximum allowable D

for the data can be determined. Referring to the first two columns of the table, a value of 270 460 for X
corresponds to the first row of the table, i.e. X greater than or equal to 10 000. The maximum allowable
DQ can be found in the third column, which is used for ISO 11171:2022, 6.6, 6.13, B.5, C9, D.4, D.9, E.6

© IS0 2023 - All rights reserved
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and F.5. Thus, the maximum allowable D, is 11,0 for this example. The value of DQ, expressed as a
percentage, for the data in this example is calculated using Formula (6):

X max :Xmin <100 31771-25757

(6)

Dy = x100=22,24
27046

where

Xnax 1S the maximum number of counts observed among the five particle counts or 31 771;

X X et it b ae o f aante obhconwnad r\vv\t\v\g thao fi:a pnuH a antco o OO0 T

min O LITU TITIIIITITUTIT TTUIINIuTeI U CUUIILO UDoLlT ' voeu dIliviIll CIIC 1IIve AT VIVIC CUUTINO VUL oI 7 J7.

Since the [value of Dy, is greater than the maximum allowable D, the data are unacceptable
calibratior] purposes and can be examined for possible outliers.
The outlier test parameter, D, for the data in this example is calculated using Formula (7):

Do = X max — Xmin _31 771-25757 _

0" |xo-xy| B1771-26068

where

X s the observed particle concentration of suspected data outlier (either X, ., or X, ), 31 7

particles/mlL;
Xy Jsthe observed particle concentration closest in value-to the suspected outlier, 26 068
particles/mL.

If the valup of D, is less than 1,44, as in this example, X} can be discarded as a statistical outlier.
Example 2, D, was found to be 1,05, well below 1,44 hence the suspect data point, 31 771, can
discarded jas an outlier. The remaining four data(points are used to recalculate X, giving a valu
25 865 particles/mL, which will be used in constructing the calibration curve.
In anothey example, data from a differefitychannel setting is considered for the same calibraf

for

(7)

71

In
be
b of

ion

suspension sample analysed in the preyious example. For this channel setting, particle concentrations

of 810 parf
obtained.

The mean
particles c

X =XV

The total n

N=5X

icles/mL, 802 particles/ml5:800 particles/mL, 805 particles/mL and 803 particles/mL w

punted for the fiyeparticle counts, X, is given by Formula (8):

=804 x10=<8-040

umber of particles, N, counted for the sample is calculated using Formula (9):
£8,040x5=40 200

particle concentratien, X , for these five counts is 804. The mean observed number

ere

of

(8)

(9)

This value is greater than 1 000, as required by ISO 11171:2022, 6.6, hence is sufficiently high for
calibration purposes.

Using ISO 11171:2022, Table C.2, and the value of X previously calculated, the maximum allowable D
for the data can be determined. Referring to the first two columns of the table, a value of 8 040 for X
corresponds to the second row of the table, i.e. X greater than or equal to 5 000 but less than 10 000.
The maximum allowable DQ can be found in the third column, which is used for ISO 11171:2022, 6.6,
6.13,B.5,C.9,D.4,D.9, E.6 and F.5. Thus, the maximum allowable DQ is 11,3 for this example. The value of
D, expressed as a percentage, for the data in this example is calculated using Formula (10):

X

X

max

Dq min 100 =3197800 100-1,20 (10)
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where

X

max

X

min 1S the minimum number of counts observed among the five particle counts or 800.

is the maximum number of counts observed among the five particle counts or 810;

Since the value of D, is less than the maximum allowable D), the data are acceptable for calibration

pur

poses and can be used in constructing the calibration curve.

6 Example 3: Dilution of samples
To [facilitate calibration at small particle sizes, ISO 11171:2022, Annex G, provides d)stgndardized
procedure for diluting calibration suspensions and ISO 11171:2022, 6.7, specifies—a method for
normalizing the resultant particle count data. To use this procedure, it is nec€ssary to| know the
coincidence error limit of the APC and the approximate size of the smallest parti¢les that it|can count.
In this example, the APC is capable of counting particles as small as 2 um(c) andchas a coincidence error
lim|t, X, of 12 713 particles/mL. The certified particle size distribution efthe calibration |[samples is
shown in Table 3.
Table 3 — Certified particle size distribution of calibration sample for Example¢ 3
Certified particle size Ci?;?:&g:{:;:le
nm(c) particles/mL

2 33066

3 17 714

4 10 865

5 6 637,0

6 4210,0

7 2 886,4

8 20072

9 1478,7

10 11149

11 847,55

12 649,63

13 502,37

14 389,25

15 299,27

16 230,39

17 180,38

18 142,77

19 114,53

20 93,176

21 77,445

22 65,134

23 55,040

24 46,831

25 40,194

26 34,678

27 29,990

5
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Table 3 (continued)

Certified particle size Certified par_tlcle
m(d concentration
" particles/mL
28 26,006
29 22,665
30 19,697

The expected number concentration of particles in the diluted calibration suspension samples at the

smallest partictesize; AD, 1S Catcutatedas strowr i Formmota -
X
Xp _a 12713 g9 11)
1,3 1,3
The smallgst size that the APC can count is 2 pm(c). Referring to Table 3, the certified partficle
concentratjion at this size, X, is 33 066 particles/mL. The minimum dilution ratio, Dxg, that is required
to achieve [, can be estimated using Formula (12):
X
Dgr _ffc 33066 .4 12)
Xp 9779
ISO 11171;2022, Annex G, permits either volumetric or mass dilution. In this example, it can| be
assumed that diluted calibration suspension samples were prepared by mixing 100,0 mL of calibration

suspension weighing 86,0 g with 300,0 mL of dilution fluid weighing 258,0 g. Both sample and f

have a depsity of 0,86 g/mL. If volumetric dilution is usedgthe actual dilution ratio, Dy, is givern
Formula (13):
+
Dy = Vp +Vg _ 300,0+100,0 ~4.00
Vg 100,0
where
vy isthe volume of dilution fluid 5300,0 mL;
vg isfthe volume of sample flyid= 100,0 mL.
If mass dilyition is used for the-same sample, the actual dilution ratio, Dy, is given by Formula (14):
M. -M; M -334,0-86,0 , 86,0
Dy = Pdq Rs 0,86 0,86 ~ 4,00
M, 86,0
Ps 0,86
where
M,  isthe total mass of diluted sample = 344,0 g;
M, is the mass of sample = 86,0 g;
P4 is the density of dilution fluid = 0,86 g/mL;
Ps is the density of sample = 0,86 g/mL.

uid
by

13)

14)

Since Dy is 4,00, greater than Dyp, the actual diluted samples will have particle concentrations below
the coincidence error limit of the APC and can be used for calibration.

Continuing the example, the diluted sample was analysed and a mean particle concentration, X, of
7 041,6 particles/mL obtained. This is below the coincidence error limit of 12 713 particles/mL hence

6
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the data are not in coincidence error. Formula (15) can be used to calculate the particle concentration in

the undiluted sample, Xy :

Xy =XDg =7041,6x4,00=28166

(15)

where Dy is 4,00 as calculated in Formula (14). Thus, the value of )_(N, 28 166, is used for this threshold

setting when constructing the calibration curve for this APC.

7 E le 4: Relati ticle size to t} hold volt tting f ticles

30{um(c) and smaller

Onge acceptable particle count data are obtained, particle size data can be related to‘threshpld voltage

setfing. ISO 11171:2022, 6.9, provides a link to an ExcelV) spreadsheet tool that aises the ¢
culfic spline interpolation method for this purpose.

bnstrained

This example uses the same APC and calibration suspensions used in the/pfevious examples. Table 2
listp the twelve threshold settings used and how they were allocated among the eight channels of the

APC( for each of the three samples. Table 3 is the certified particle size distribution for the

secondary

caljbration suspensions. Table 4 shows the threshold settings and cerrésponding particle coynt data for

the|three calibration suspension samples in the first four columns of the completed work
[SO[11171:2022, 6.9, for this example. The values for all twelv& of the threshold settings

sheet from
e entered

conjsecutively in the first column in order of decreasing valune/(highest to lowest). No empty cells are
perjmitted in the first column between the maximum and minimum threshold settings. Mean ormalized
parfticle concentrations, Xy, for the eight channel settings used for sample 1 are entered in the second

colimn adjacent to their corresponding threshold@ettings. Similarly, X, for the eight

annels of

sample 2 are entered in the third column and for.sample 3 in the fourth column. Each row contains data

from at least two different calibration samples! If a threshold setting was not used for a
sample, the corresponding normalized particle concentration data cell in the spreadsheet is
Th¢ mean X, for the samples for each threshold setting is automatically calculated and d

yellow column 5. A value of #DIV/0Lis\displayed in column 5 for any threshold setting lacki

particular
left empty.
splayed in
hg particle

count data. Anumerical value for thesmean X is displayed for each threshold setting before groceeding.

All |particle size and corresponding concentration data obtained from the certificate of apalysis for

the| calibration samples, given in Table 3 for this example, are entered in blue columns 6
corfesponding interpolated threshold voltage setting for each size is automatically displaye
coliimn 8. A value of (-is displayed for any particle size whose concentration lies outside t

and 7. The
d in yellow
e range of

the|particle concenfrations shown in column 5, or if no particle concentration is entered. The particle
siz¢ values shown.in blue column 6 and corresponding threshold settings in yellow columin 8 relate

partticle size tosthreshold setting, e.g. a particle size of 2 pm(c) corresponds to 10 mV in t
These values will later be used to construct the calibration curve.

example.

1) Excelis the trademark of a product supplied by Microsoft. This information is given for the convenience of users
of this document and does not constitute an endorsement by ISO of the product named. Equivalent products may be

used if they can be shown to lead to the same results.
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ISO 11171:2022, 6.9, defines how the standard uncertainty in X, is calculated for each threshold

setting. By way of illustration, this example uses cumulative particle count data at 14 mV and the
previous dilution ratio, Dy, of 4,0 as in Example 1. In an actual calibration, these data would be taken
from ISO 11171:2022, Table 2.

To calculate the standard uncertainty, the total number of acceptable particle counts, N, and the
standard deviation of the particle concentrations for all the acceptable counts for all the samples is
calculated. Referring to Table 5, the total number of acceptable particle counts is ten, i.e. five counts
obtained for each of two different samples, in the example. The standard deviation, s, is calculated using
the individual particle concentration data, X,, for the ten counts shown in Table 5. In this example, the
stahdard deviation, s, for the ten counts 1s 466,6 particle/mL. The standard uncertainty, sy, for the
14 mV threshold setting is given by Formula (16):

_ sDR  466,6x4,00

sy =R = ~590,3 (16)
N NG J10

Table 5 — Particle concentration data for secondary calibtation samples

Count particios/mi. exibies/m.
1 6 376 7 312
2 6220 7186
3 6507 6 866
4 6288 7 444
5 6321 7036

8 [Example 5: Relating particle size-to threshold voltage setting for primary
calibration of sizes larger than 30pm(c)

Latex spheres are used for primary calibrations at particle sizes larger than 30 pm(c). Selectjon criteria
for [the sizes of latex to be used are-specified in ISO 11171:2022, 6.11. The settings for the first four
channels of the APC are definedyin'ISO 11171:2022, 6.12, while ISO 11171:2022, 6.14, specifies how to
use| the particle count data ffom these channels to determine the threshold setting corresponding to
the[particle size of the latex.

This example uses thé-same hypothetical APC used in previous examples and assumes the¢ intention
to ¢alibrate to 50 pm(c). ISO 11171:2022, 6.11, states that the smallest polystyrene latex particle size
“shall be between35 um and 45 pm”. In this example, commercially available 39,33 pm latek particles,
with a standard.deviation of 0,5 um, are used to meet this requirement. The next size of latgx, D, “shall
be hpproximately equal to the size of the [previous] smaller latex sphere [L] times a constant with a
valtie between 1,1 and 1,5”. Thus, its value of D is within the range given by Formula (17):

LAXL<D<1,5xL (17)

In this example, L is 39,33 um, hence D for the second size of latex will be between 43,3 pm and 59,0 pm.
A commercially available latex with particle size of 50,2 pm meets this condition. Since its size is
greater than the required largest particle size for this calibration, 50 um(c), no additional latex particle
sizes are needed. If calibration to larger sizes had been required, Formula (17) would have been used
to determine the acceptable particle size range of the next largest latex size with L equal to 50,2 pm in
this example and the process for selecting latex sizes repeated until the entire particle size range was
covered.

The first four channels of the APC are used to determine the threshold settings corresponding to the
particle sizes of the latex particles. Referring to 1ISO 11171:2022, 6.12, the first channel is set to 1,5
times the threshold noise level of the APC or 8 mV as determined in Example 1. The third channel is
set to a threshold voltage setting that is expected to correspond to the size of the polystyrene latex
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spheres or 39,33 pum in this example. Since this is beyond the range of the data obtained in Example 4,
the initial threshold setting for this channel is obtained by extrapolation to this size. In this case, it is
estimated that 39,33 pum will correspond to a setting of approximately 3 400 mV. The second channel is
set to a threshold voltage setting corresponding to 0,56 times the threshold voltage setting of the third
channel or 3 400 times 0,56. The fourth channel is set to the threshold voltage setting corresponding
to 1,56 times the threshold voltage setting of the third channel or 3 400 times 1,56. Thus, the first four
channels are set at 8 mV, 1 904 mV, 3 400 mV and 5 304 mV. Using these settings and the APC in the
differential mode, the results shown in Table 6 were obtained for the 39,33 pm latex.

Table 6 — Differential particle counts for initial analysis of 39,33 pm latex spheres

Channel Threshold setting Differential particle countf
mV
1 8 2
2 1904 17
3 3400 6,310
4 5304 notapplicable

Referring 4o SO 11171:2022, 6.14, the difference, D, in particle counts betweerthannels 2 and 3 is given
by Formula (18):

N
p=[11%2 |x100=[1- 7 x100=99,7
6310

18
N; )

The absolyte value of D is greater than 3 %, thus the threshold setting estimated for channel 3 does

not corres
of D is pod
threshold
and fourth

the se

the thi

— the fourth channel setting is set.ati3 529 x 1,56 or 5 505 mV.

Using theg
obtained fi

pond to the size of the latex spheres and the channels need to be readjusted. Since the v3
itive, the setting for channel 3 is too low and\the process repeated using a new estimd
setting. A value of 3 529 mV will be the newestimated threshold setting. The second, th
channels are readjusted such that:

rond channel setting is set at 3 529 x:0;56 or 1 976 mV;

rd channel setting is set to correspond to the estimated size of the latex particles or 3 529

e settings and the APC-in the differential mode, the results are shown in Table 7 W

br the 39,33 pm latex:

Table 7 — Differential particle counts for analysis of 39,33 pum latex spheres

lue
ted
1ird

mv;

ere

Charfnel Threshold setting Differential particle countfs
mV
1 8 3
2 1976 3148
3 3529 3172
4 5505 NA

D can now be recalculated using Formula (19):

N
D= 1——2-x100=(1—§3f§jx100=0£
3172

N, (19)

The absolute value of D is 0,8 %, which is less than 3 %, indicating that the threshold setting of channel 3
corresponds to the size of the latex particles, i.e. a setting of 3 529 mV corresponds to 39,33 pm. This
size and threshold setting is used to construct the calibration curve.
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The process was repeated for 50,2 pm latex particles and it was found that a setting of 4 238 mV

corresponds to this size.

9 Example 6: Construction of calibration curve

Once particle sizes and corresponding threshold settings over the entire size range of interest have
been determined, as in Examples 4 and 5, the calibration curve for the APC is constructed as detailed
in I1SO 11171:2022, 6.15. This clause provides a link to a Excell) spreadsheet tool used to construct a
calibration curve by constrained cubic spline interpolation.

Thils example continues to use the same APC, calibration suspensions and data as in previoud examples.
particle size and threshold setting data from Examples 4 and 5 are required to be entered in order
of ihcreasing particle size into columns 1 and 2 of the worksheet from ISO 11171:202246:15, 4s shown in
Talle 8. Particle sizes of interest selected from within the size range of the data aré entered in column
he corresponding threshold voltage settings for each size are automaticallydisplayed ifl column 4,
the calibration curve graphically shown in Figure 1.

Th

3.7
and

Table 8 — Output from the worksheet from ISO 11171:2022;.6.15, for Example|6

© IS0 2023 - All rights reserved

Data from Table 4 Threshold settings corfesponding to sizes of Interest
Enter the particle sizes and corresponding Particle sizes of interest{that lie within the range of the data
thrieshold settings from Table 4 (also columns |in column A) are entéred in order of increasing partjicle size.
F apd H of the Clause 6.9 worksheet) in order of | The corresponding'interpolated threshold voltage settings are
increasing value of particle size. displayed in column D.
Particle size Threshold setting Particle size Inte:‘]g;)tl:gts(‘l,:?tri;sghold
pum(c) mV um(c) mV
2,00 10 2,00 10
3,00 28 3,00 28
4,00 83 4,00 83
5,00 190 5,00 190
6,00 305 6,00 305
7,00 442 7,00 442
8,00 595 8,00 595
9,00 738 9,00 738
10,00 873 10,00 873
12,00 1176 14,0 1479
14,00 1479 15,0 1642
16,00 1805 21,0 2362
18,00 2105 25,0 2515
21,00 2362 30,0 2600
25,00 2515 35,0 3048
30,00 2600 40,0 3581
39,33 3529 45,0 3926
50,20 4238 50,0 4226
0
0
0
0
11
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y  threshg¢ld voltage setting, mV
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Figure 1 — IS0 11171:2022, 6.15, calibration curve‘forExample 6
10 Example 7: Calculation of coefficient variation fer volume measurement using
1SO 11171:2022, Clause A.8
To meet ISP 11171 APC performance specifications, the coefficient of variation for volume measurement,
Cyyop for tl[:;APC is required to be 3 % or less. ISO 11171:2022, Clause A.8, describes how this is dorfe.
In this example, five consecutive counts for the same sample were obtained at 1,5 times the threshold
noise level| of the APC. Counts of 26 068 partiCle/mL, 26 757 particle/mL, 25 802 particle/mL, 25 834
particle/mL and 27 464 particle/mL weré€ gbtained. Cy,, is obtained using Formulae (20), (21) pnd
(22):
n X 2 n X 2
oL 100 n) i _(Zizl i) 20)
Vvl "y n(n=1)
100 [5(26 06823267577 +25802% + 258347 +27 4647 ) - (26 068 +26 757 + 25 802+ 25 834+ 27 464)* )1
Crivol =75~ 5(5-1) )
100 [(5x3482887729)—(131 925)2

CV'VOI i 200 \/ 20 :2’71 22)
where

X; is particle concentration in particles/mL for acceptable particle count i;

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

n is number of acceptable counts obtained at indicated threshold voltage setting = 5.

In this example, the Cy, is 2,71 %, less than the required 3 %, so the APC meets this APC performance

specificati

12

on.
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11 Example 8: Determination of coincidence error limit

The coincidence error limit of an APC is the highest concentration of United States National Institute
of Standards and Technology (NIST) standard reference material RM 8632x that can be counted with
an error of less than 5 % resulting from the presence of more than one particle in the sensing volume
of the sensor at a time. The procedure for determining the coincidence error limit of an APC is found in
[SO 11171:2022, Annex B.

In this example, an APC with a manufacturer estimated coincidence error limit, Xy;, of 14 000 particles/
mL and a NIST RM 8632a concentrate with a mass concentration, y, of 100 mg/l1 is used.

Usipg ISO 11171:2022, Table A.1, the expected particle concentration, X,, of the concentrate,af 2 um(c) is
2 021 000 particles/mL. A sample volume, Vs, of 400 mL is prepared for each gravimetri¢ ¢otjcentration
to Be analysed. The volume of concentrate required to make 400 mL of each gravimetgic’'level required
by ]SO 11171 in this example is given by Formula (23):

_ XuVsl  14000x400xL

= = (23)
100x X, 100x2021000

1

where L is the percentage of X, required to be analysed for a specific sample.

Valpes of L ranging from 10 % to 150 % in 10 % increments are required. Table 9 shows the value of V;
for|each value of L and the corresponding values for y and<the observed mean partide number

corfcentration, X, obtained for each sample in this example

Table 9 — Data for determination‘of coincidence error limit

L Y 4 X X, E

% mg/1 mL particles per mL particles per mL %
10 0,07 0,28 1744 1679 3,89
20 0,14 0,55 3423 3358 1,91
30 0,21 0,83 5112 5037 1,49
40 0,28 111 6 612 6716 -1,56
50 0,35 1,39 8015 8395 -4,54
60 0,42 1,66 9 364 10 075 -7,05
70 0,48 1,94 10 593 11 754 -9,88
80 0,55 2,22 11 768 13 433 -12,40
90 0,62 2,49 12 853 15112 -14,95
100 0,69 2,77 13872 16 791 -17,38
110 0,76 3,05 14 815 18 470 -19,79
120 0,83 3,33 15 688 20 149 -22,14
130 0,90 3,60 16 458 21828 -24,60
140 0,97 3,88 17 245 23507 -26,64
150 1,04 4,16 17 777 25186 -29,42

The theoretical relationship between mass concentration and particle concentration is a straight line
whose slope is determined by linear regression using only the values corresponding to L equals 10 %,
20 %, 30 % and 40 %. The resultant linear regression equation is of the form shown in Formula (24):

X=ay =24239y (24)

where a is the slope of the regression equation with the Y-intercept set to 0.

©1S0 2023 - All rights reserved 13


https://standardsiso.com/api/?name=de9677efd28deb53cf69914b7d6fc45b

ISO/TR 6057:2023(E)

The value of a in this example is 24 239. The individual values for y and X for all the samples as well as
the theoretical relationship between yand X are plotted as shown in Figure 2.

Y
25 000 —
-
e
e
20 000 A
/ <
/ _ ey
15 000 e
o’ ®’/®/
A ~
57
10 000 F
5 000
0
0 0.2 0,4 06 08 1 X
Key
y, mg/l
X, particle/mL > indicated size
[ ) data point used to define theoretical relationship
_— theoretical relationship between y and X
N 95 % slope line
O data point
_— actual relationship between y and X
® intersection of actual relationship and 95 % slope line
Figurie 2'— Coincidence error plot for Example 8
Using Forrula (24), the-fheoretical concentration X; for each value of y can be calculated. These resplts
are shown(in column §,0f Table 9 and plotted in Figure 2. The difference between X, and X expressel as
a percentage E cande calculated using Formula (25):
X1 X,
E=—] x100 25)
Ay

These results shown in column 6 of Table 9 are used to determine the coincidence error limit of the
APC. Aline with a slope of 0,954, 23 027 in this example, is plotted in Figure 2. The value of X where the
95 % line and the curve representing the actual relationship between y and X intersect defines the
coincidence error limit of the APC in particles/mL. In this example the coincidence error limit is shown
as point A in Figure 2 and is 8 650 particles/mL.

12 Example 9: Determination of flow rate limits using ISO 11171:2022, Annex C

ISO 11171:2022, Annex C, is used to determine the flow rate limits of the APC and to verify that it meets
the flow rate performance specifications of the standard. There are two general types of APC: those
whose flow rate can be adjusted and those that provide a single constant flow rate. To generate valid
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