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INTERNATIONAL STANDARD 1SO 4402-1977 (E)

Hydraulic fluid power — Calibration of liquid automatic
particle-count instruments — Method using Air Cleaner Fine
Test Dust contaminant

0 INTIRODUCTION 3 DEFINITIONS

In hydraulic fluid power systems, power is transmitted and For definitions of terms used;.see 1SO 5598.
controlled through a fluid under pressure within an
enclosgd circuit. The fluid is both a lubricant and a power-

transm|tting medium. 4 MATERIALS ANDEQUIPMENT

Reliable system performance requires control of the fluid Use the materials.and equipment specified in table 1.

medium. Qualitative and quantitative determination of

X . . i X X TABLE 1~ Materials and equipment and their requirements
particullate contaminant in the fluid medium requires

precisign in obtaining the sample and determining the Item R,Lui,,m,,m
nature @nd extent of contamination.

Lo . . Calibration dust") Processed] count-verified
Liquid|automatic particle-counters are an accepted means and available per note
for determining the nature and extent of contamination. ! . .
. . . X Membrane filter disk 1,0 um mean pore size or
Individual instrument accuracy is established through Joss
calibration.

Suspension liquid Compatibje with the par-
ticle-counper andprefiltered
through the membrane fil-

1 SCQPE AND FIELD OF APPLICATION ter disk

Analytical balance Accurate within + 0,1 mg

calibration of automatic counting instruments for particles Graduated cylinder Accurate |within + 1% of
suspengled in liquids when used for the“‘determination of volume measured
particld size distribution of contaminants encountered in Sample containers Screw-cap botties with

hydraul]ic fluid power applications, plastic fliim cleaned to
cleanliness level of no more

It also|establishes a uniform_ and realistic basis for particle than 3 particles greater
than 10 um per millilitre of

sizing dnd counting. bottle volume, in accord-
ance with[ISO 3722

This I1ternational Standard specifies a procedure for the

NOTE 4 It is assumed that users of this procedure are competent

in the |operation of \their particular particle-counter and that Sample agitating device One that will not alter the
proper pample-handling techniques will be used throughout the bas_ic distribution of the
procedufe. Sample-handling techniques which allow particle settling, ca!abr?tior dust during
erroneofls suspension concentration, etc., can result in incorrect agitation
calibratipn- Liguid automatic particle-
counter
2 REFERENCES 1} To obtain standard Air Cleaner Fine Test Dust, contact :
. . . Equipment Sales Department
ISO 3722, Hydraulic fluid power — Fluid sample AC Spark Plug Division
containers — Qualifying and controlling cleaning methods. General Motors Corporation
. 1300 North Dort Highway
ISO 5598, Fluid power — Vocabulary.1) Flint, Michigan 48556, U.S.A.

1) In preparation.
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5 CONCENTRATION SATURATION PROCEDURE

5.1 Place an accurately (0,1 mg) weighed amount (for
example 100 mg) of dried Air Cleaner Fine Test Dust into a
sample container as specified in table 1 and add an
accurately (£ 1 %) measured volume (for example 1 1) of
filtered suspension fluid. Replace the clean plastic film

between the container opening and cap.

5.2 Disperse and suspend the dust in this concentrated

100 maltl by
G0

violent

5.10 Calculate the moving averages (2) for the Y values
recorded on line 8 of table 2 using the following equation :

_ Y, +Y,+...+Y,
Z,=
n
where
En is the moving average (see table 2, line 9);

mg/I

agitation (for expmple 5 min with a paint shaker, 30 s in an
ultrasonic bath ahd 15 min with a paint shaker).

standard mixtuEA—Uor—w::'n

5.3 Prepare at

least six different concentration levels

by using the standard suspension from 5.2 (for example

3,6,9,12,15,1

5.3.1 Place thd

B mg/l) as follows :

correct amount of the concentrated

standard suspensjon into a clean sample container.

5.3.2 Add the ¢
to the sample co

5.3.3 Replace
opening.

5.34 Cap the
particle suspensiq

orrect amount of filtered suspension fluid
htainer.

he clean plastic film over the container

tontainer and shake to obtain a uniform
n.

5.4 Adjust thtiL automatic particle-counter to its (most

sensitive noise-
arbitrarily at pr
from the most

ee level and set any other channels
bgressively higher levels. Only the\counts
sensitive channel will be_used for the

saturation procedlure.

5.5 Maintain a

convenient flow (rate within the limits

suggested by thd manufacturer of. the particle-counter. Use

this flow rate
recalibrated for §

or all counting unless the instrument is
new flowrate.

5.6 Obtain five

consecutive cumulative particle counts

from the most ksensitive channel for each concentration

5.7 Record the

Y is the average count per milligram per litre =

X being the arithmetic average of the cumulative
particle counts (see table 2, line 7);

n is the number of samples.

5.11 Calculate the errors by subtracting the vajue of z
from Y for each sample and record these values or) line 10.

5.12 Calculate the ranges by subtracting thel lowest
particie count valuefor a sample from the highest particle
count. value for the\same sample and record these values
on line 11.

5.13 Compute the average of all ranges using the fpllowing
expression™:

sum of range values
number of samples

= average range

5.14 Record this average range on line 12 of [the last
sample column.

5.15 Using the D-factor directly below the [ecorded
average range (see table 2}, calculate the upper range limit
and the setting tolerance utilizing the expressions $pecified
below table 2. An examination of the error values fline 10)
in the order of increasing sample concentration will yield a
point where all samples of a higher concentration exhibit
an error value greater than the setting tolerance. This point
represents the saturation limit of the counter|for the
corresponding channel setting.

5.16 [f the range on line 11 of any count bglow the
saturation limit exceeds the upper range limit, recqunt that
concentration and evaluate the table with the new counts.

counts (see 5.6) in table 2 for each sample

(column 1 should represent the sample having the lowest

concentration).

5.8 Determine the average of the five counts and record
on line 7 of table 2.

5.9 Divide the average (see 5.8) by the corresponding
concentration in milligrams per litre and enter on line 8
of table 2.

5.17 [f more than one sample exceeds the upper range
limit or if any sample error below the saturation level
exceeds the setting tolerance, review the counting
technique.

6 PARTICLE SIZE CALIBRATION PROCEDURE

6.1 Prepare a calibration suspension by diluting a portion
of the standard suspension with filtered suspension fluid to
obtain a single concentration which is below the saturation
level (see 5.15) of the counter.
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TABLE 2 — Particle count work sheet

* Avgrage count per mg/i.
**  Highest minus lowest count obtained.

***  Average of all ranges recorded in line 11.

6.2 Fill a minimum of three sample containers with the
calibration’suspension.

Line No. Sample No. 1 2 3 4 5 6 7 8 9 10
1 concentration mg/|
2 count 1
3 count 2
4 count 3
5 Tount4
6 count 5
7 average (X)
8 Y = X.
mg/t
9 Z = moving average
10 error 8—9
11 range**
12 average range* ** ~-
(factor for N > 10 = 2,12} D-factor ——s=| 1,88 1,89 1,9D 1,91 1,92
upper range limit = average range X D-factor —————pn
setting tolerance = * average range X 0,55 —————p»

6.6 Calculate the average of the five pafticle counts from
each container.

6.3 Adjust the channel setting(s) of the instrument to
some arbitrary value(s), for example manufacturer’s
suggested setting(s) within the size range of interest.

6.4 Obtain five consecutive particle counts at the
setting(s) specified in 6.3 from each of the containers
specified in 6.2.

6.5 Repeat 6.3 until a minimum of four different channel
settings of the instrument have been evaluated over the
desired particle size counting range.

6.7 Calculate the average counts of all the containers for
each channel setting.

6.8 Calculate the average particle count per millilitre per
milligram per litre concentration for each channel setting
using the average count for all the containers specified in
6.6, the gravimetric level (milligrams per litre) of the
calibration suspension, and the following expression :

average count

A= - —
(sample volume, mi) (suspension gravimetric, mg/l}

6.9 Plot on a log-log graph the averages (4) from 6.8
versus the corresponding channel settings.
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6.10 Select the desired particle size to be counted by each

channel
particle

of the automatic particle-counter.
size distribution

From the

shown in table 3 for the

calibration dust, obtain the number of particles per milli-

litre greater tha
channel.

n the desired particle size selected for the

6.11 Select settings corresponding to the desired particle

counts utilizing
(see 6.9).

the plot of A versus channel settings

6.23 Record this average range on line 12 of the last
sample column of each table.

6.24 Using the appropriate D-factor given below table 2,
calculate and record the upper range limit and the setting
tolerance for each channel setting utilizing the expressions
given below table 2. :

6.25 If the range for any sample at any of the channel
settings exceeds the upper range limit for that setting,
prep tting and

6.12 Adjust th
settings selected

6.13 Check th

e channel(s) of the particle counter to the
in6.11.

b settings at the desired particle sizes by

performing parficle counts on the calibration suspension

obtained in 6.1.

6.14 Establish
if the average
consecutive coy
from the correct

6.15 For final
in 6.13, preparg
the calibration s

6.16 Using eac
establish’ five cd
containers in 6
more than one
taneously.

6.17 Prepare a
channel settings

6.18 Enter the
obtained in 6.16
the table.

minor adjustments to the channel setting(s)
particle count value obtained from five
nts of the calibration suspension differs
value for the calibration dust.

erification of the channel settings obtained
a minimum of six sample containers with
Ispension from 6.1.

h of the channel settings obtained in 6.13,
nsecutive particle counts from each of the
16. For a multi-channel particle-counter,
channel setting may be verified simuls

table similar to table 2 for each of the

five consecutive cumulative particle counts
for each sample in the proper locations in

6.19 Record the arithmetic average of the counts from

each container o

6.20 Calculate

n line 7 of each-table.

the, tanges by subtracting the lowest

particle count v

blué for a sample from the highest particle

count value for the.same sample.

the table evaluated with the new counts.

6.26 If any of the average counts from 619 for & channel
setting differs from the correct value for‘the Aif Cleaner
Fine Test Dust by more than the setting tolerance for that
channel setting, adjust the channel)setting and repeat 6.16
through 6.26 for the new channel)setting.

6.27 Determine the saturation limit of the counter for the
lowest desired particle, size setting by using the shturation
procedure in clause 5,*Use the channel setting cofrespond-
ing to the lowest\desired particle size in 5.4 instepd of the
lowest noise-free setting.

7 (PRECAUTIONS

7.1 If accurate counting is desired, do not exceed the
saturation level of the instrument obtained as p3rt of the
calibration procedure.

7.2 Any variation in flow rate or instrument agjustment
from that used during calibration may result in grroneous
particle counts.

7.3 The presence of moisture or air in oil samples to be
evaluated with an automatic particle-counter may have
a detrimental effect on the results. Take precaptions to
exclude moisture from oil samples.

8 IDENTIFICATION STATEMENT (reference
International Standard)

to this

6.21 Record th

e values (see 6.20) on line 11.

6.22 Calculate the average of all ranges using the following

expression :

sum

of range values

num

= average range
ber of samples g g

Use the following statement in test reports, catalogues and
sales literature when electing to comply with this
International Standard :

“Calibration of liquid particle-counters conforms to
ISO 4402, Hydraulic fluid power — Calibration of liquid
automatic particle-count instruments — Method using Air
Cleaner Fine Test Dust contaminant.”
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