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12 Calculations 13 Data presentation 

13.1 Record the following minimum information 
elements evaluated using this International Standard 

for filter 
‘12.1 Analyze the samples extracted from the filter test 
System by determining the number of particles greater than 10, 
20, 30 and 40 ym per millilitre with an automatic particle 
counter calibrated per ISO 4402, or any ISO-approved coun- 
ting method. 

13.1.1 
figure 

Present 
3. 

all test and calculation results as shown in 

NOTE - Care should be taken to dilute samples appropriately to avoid 
exceeding the Saturation limit determined by the approved calibration 
procedure for the particular counting method used. 

13.2 Using the actual time (5) required to resch the terminal 
pressure drop, the average gravimetric level Iy) of the injection 
stream and the injection flow rate, calculate the filter element 
air cleaner fine test dust capacity (a) using the following equa- 
tion : 12.1.1 Obtain a minimum of three particle counts for each 

fluid Sample and calculate and record the arithmetic average for 
each size range counted. (y, mg/L) (injection flow rate L/min) (z, min) 

at g = 
1000 

12.1.2 Accept the test only if the number of particles greater 
than 10 pm per millilitre in the initial Sample from the filter test 
System is less than 15. 

13.2.1 Reto 
in figu re 3. 

rd the air-cleaner fine test dust capacity as shown 

13.3 
12.2. 

Report the values of the gravimetric levels obtained in 
12.2 Conduct a gravimetric analysis on the two samples ex- 
tracted from the contaminant injection System and on the 
upstream Sample extracted from the filter test System at the 
80 percent Sample Point. 

13.4 
data 

Have available a record of the following minimum 
test reports referencing this Internationa I Standard 

test 
in 

NOTE - The final Sample is taken at the 80 
often overlaps the 100 percent Point. 

percent Point because it a) all physical values pertaining to the test; 

b) all additional provisions or modifications 
the test; 

pertaining to 

12.2.1 Record the 80 percent gravimetric value as the final 
System gravimetric level. 

Cl record the counting method used. 

12.2.2 Calculate the average (y) of the gravimetric levels 
the two samples from the con tamina nt injection System. 

for 

14 Criteria for acceptance 

12.2.3 Accept 
Sample is within 

the test only if t he g ravimetri 
10 percen t of this average. 

C level of each 14.1 Compare the minimum filtration ratio (&o) with the 
designated value. + 

'14.2 Compare the filter element air 
capacity (a) with the designated value. 

cleaner fine test dust 12. 3 Calculate and record the injection flow rate by averaging 
the measurements taken at the beginning and end of the test. 

12.3.1 Accept the test only if this value is equal to the 14.3 Check that there is no visual evidente of filter element 

selected value * 5 percent. darnage as a result of performing this test. 

12.4 Calculate and record the actual base upstream 
gravimetric level by multiplying the average injection 
gravimetric level (y, mg/L) by the average injection flow rate 
(L/min) per 12.3 and dividing by the test flow (L/min). 

15 Summary of designated information 

The following designated in formati on is needed when aPPlYiw 
this International Standard to a pa rticul ar application or use : 

a) fabrication integrity test pressure (see ISO 2942); 12.4.1 Accept the test only if this value is equal to 
10 -fi 1 mg/L. 

b) filter element test flow; 

12.5 Calculate the filtration ratio as defined in the annex. Cl terminal pressure drop; 

d) the minimum acceptable filtration ratio (&o); 12.5.1 Record these calculated ratios as shown in figure 3. 

e) the minimum acceptable filter element capacity (a) for 
air cleaner fine test dust. 12.5.2 Record the minimum filtration ratio in figure 3. 
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16 Justification Statement 

Justification is as set forth in the annex. 

17 Test/production similarity 

18 Justification Statement 
(Reference to this International Standard) 

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

Apply the managerial controls necessary to maintain substan- “Method for determining filtration Performance data conforms 
tial similarity between test and production components or to ISO 4572, Hydraulic fluid fower - Filters - Multi-pass 
elements. me thod for evalua ting filtra tion Performance. ” 
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Filter test System reservoir 

Filter test System pump 

4-way rotary valve 

Heat exchanger 

Control (background) filter 

Air cylinder 

Variable Speed motor 

P ressu re tap 

Sampl ing valve 

Test filter 

Turbine flow meter 

Ball valve 

Contaminant injection System reservoir 

Contaminant injection System pump 

Contaminant injection ball valve 

Sump reservoir 

Sump pump 

Main storage reservoir 

Check valve 

Temperature Sensor 

Figure 2 - A typical filter Performance test System 
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FILTER ELEMENT MULTI-PASS TEST REPORT SHEET 

Date tested :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Test location : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Filter: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Test flow :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Pressure differentials expressed in units of : . . . . . . . . . . . Terminal Ap:............................... 

Clean assembly Ap : . . . . . . . . . .Housing AP : . . . . . . . . . . . . . . .Clean element Ap : . . . . . . . . . . . . .Net Ap : . . . . 
9 

% Net Ap 5 10 20 40 80 100 
I 1 

assembly Ap 

time (min) 
t I 

Fabrication integrity verified : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Initial System cleanliness :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(Particles > 10 um per millilitre) 

lnjection fluid I nitial Final Average 
1 I 

injection flow rate (L/min) 

gravimetric level (mg/L) 
l 

Base upstream gravimetric level : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .mg/L 

Particle d istribution analysis (particles per mil I il itre) 

. 
Above 10 Pm Above 20 Pm Above 30 Pm Above 40 Fm Filtration ratio 

Sample (average) (average) (average) (average) (Pl 0) 
r 1 

uP 
2 min 

down 

uP 
10% 

down 
1 

uP 
20% / 

down 

uP 
40% I 

down 
1 

uP 
80% 1 

down 
. 

Minimum&, ratio: . . . . . . . . . . . . . . . . . . . . . .Air cleaner fine test dust capacity :. . . . . . . . . . . . . . . . . . . . . . . . . 

Final level in reservoir : . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . .mg/L 

Figure 3 - Filter element multi-pass test report sheet 
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Annex 

Discussisn of filtration Performance, testing and test results 

Fo rd 

This test procedure describes a method for evaluating the per- 
formante of a hydraulic filter when it is operating under con- 
ditions which simulate as nearly as possible those of an actual 
hydraulic System. 

This annex is intended to show to what degree actual con- 
ditions are simulated and to present the philosophy and 
technical aspects associated with the test procedure. The an- 
nex serves as a brief outline designed to aid understanding. 

Since contamination control is necessary and a filter is the 
usual device for achieving such control, this annex considers 
both of these aspects in relation to modern hydraulic System re- 
quirements in Order to formulate the necessary System filter re- 
quirements. The filtration ratio is discussed and the 
mathematical signifiance of this Parameter is demonstrated by 
the development of the relationship which describes the filtra- 
tion process. 

Basic filter test concepts which have been used for evaluating 
filter Performance are reviewed. Esch technique is considered 
from experimental and applkation Points of view as well as em- 
pirically and analytical’ty.. The advantages and disadvantages of 
each testing method are revealed and made clear. 

An outl‘ine of the multi-pass filter Performance test is given, 
followed by a discussion of the general assumptions associated 
with the test. To assist in the fabrication of a test facility, a 
ci’au,se on implementation experience is included as a part of 
this annex. 

Finally, a summary of the extensive verification effort is 
presented. This summary includes the results of some 69 in- 
dividual filter tests conducted at one laboratory as well as the 
reproducibility and repeatability data. 

amount sf such contaminant tan be expected to reduce any 
related degradation. 

The selection of a System filter must represent a balanced 
choice in matthing the Performance characteristics of such a 
filtering device and the contaminant tolerante level of the 
System. 

The Performance characteristics of a filter are a function of the 
element design (configuration and material), the housing 
design (general configuration and seal design), the fluid flow 
conditions and the filter’s previous exposure to contaminants. 

The ideal filter for a hydraulic System offers infinite restriction 
to the passage of particulate contaminants, exhibits zero 
resistance to the flow of fluid, and provides unlimited capacity 
for retained contaminant. An actual filter cannot exhibit such 
phenomenal Performance characteristics and, therefore, test 
procedures must be available to determine filter capability. 

A filter Performance test should be capable of providing a com- 
parison of different filters under Standard conditions ap- 
proaching as closely as possible to those conditions existing in 
an operating hydraulic System and should permit evaluation of 
the contamination control balance required for the System 
components. 

Thus an understanding of the System contamination control 
balance is necessary in Order to formulate an acceptable filter 
Performance test. 

14.1 System contamination control balance 

A.l.l This balance refers to the amount of contaminant 
which is present in a hydraulic System (initial plus ingressed 
minus removed) compared with the contaminant which tan be 
tolerated by the System components. 

A.0 Introduction 

The Performance of components which are used in modern 
hydraulic Systems is degraded by particulate contaminant 
which is present in the hydraulic fluid. Esch component will be 
influenced to a different degree and in a different manner by 
such contaminant. 

The Performance of a hydraulic System is the sum total of the 
component performances and the manner in which they are in- 
terconnected to form the System. Any degradation in the per- 
formante of a hydraulic System is directly related to one or 
more component degradations. 

The primary objective of any filtering device in a hydraulic 
System is to reduce the amount of particulate contaminant cir- 
culating in the System to a tolerable level. Reduction in the 

A.l.2 The contamination level of the fluid circulating in a 
hydraulic syste 
and reliab Iility. 

Im is a major Parameter in the prediction of life 

A.1.3 Thus, the particulate contamination level to which the 
components of a hydraulic System tan be exposed without 
reducing the Performance, reliability and Service life of the 
System below a given limit is one of the Parameters of the con- 
tamination control balance. 

A.l.4 The contamination level which is attained in a 
hydraulic System is a function of the capability of the fitter and 
the rate of ingression and completes the contamination control 
balance by comparison with the contamination level that tan be 
tolerated by the components. 

11 
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A.1.5 The particulate contamination level of a fluid is des- 
cribed by the particle size distribution of the entrained contami- 
nant. 

A.3 Filtration ratio 

A.3.1 In somes cases, the ’ ‘efficiency ” 0 f a filter 
given particle size and tan be described as follows 

refers to a 

A.l.6 The particle size distribution of a contaminant 
suspended in a fluid tan be measured with reasonable accuracy 
by an automatic particle counter, and possibly by certain visual 
methods or image analyzing Computers. However, correlation 
between these different methods has not been demonstrated 
and reproducibility information is available only for the 
automatic particle counter. 

hl - *d 
&rn 

=- 

% 

where 

&rn is the filter particle size efficiency; 

A.1.7 Thus, the contamination level of a circulating System 
as given by the particle size distribution is the most realistic and 
useful measure of the Separation Performance of a filter. 

% is the number of the particles of a given size upstream 
of the filter; 

nd is the number of particles of the Same size downstream 
of the filter. A.l.8 In Order to use the contamination level of a circulating 

System as a criterion for the Separation Performance of a filter, 
it is necessary to include the influence of System operating con- 
ditions. 

A.3.2 The particle size distribution of a contaminant, 
however, is not measured as the number of mono-size par- 
ticles. Instead, the distribution is normally measured on a 
cumulative basis (the number of particles greater than a given 
size per unit volume of fluid). A.2 Influence of System operating conditions 

A.3.3 Therefore, in Order to use cumulative particle size 
distribution data in the particle size efficiency equation given in 
A.3.1, the number of particles in a selected size increment must 
be found by subtraction, and this number must then “repre- 
sent” the concentration of the desired mono-size particles 
within the size increment. 

A.2.1 The functions of a filter in an operating hydraulic 
System subjects it to continuous exposure to contaminants en- 
trained in the hydraulic fluid. 

A.2.2 A continuous flow of contaminant enters the fluid of 
an operating System from the environment through such bar- 
riers as component Seals, reservoir breathers, etc., as well as 
that generated in components due to wear and fluid deteriora- 
tion. 

A.3.4 To make use of such particle sine efficiency informa- 
tion in contamination control balance requires, among other 
things, a considerable amount of unnecessary approximation 
and calculation. 

A.2.3 The rate of contaminant addition to the System in- 
fluences the contaminant level which the filter is continuously 
exposed. A.3.5 Hence, a more useful and less cumberso me method of 

evaluating the particle Separation capability sf a fi Iter is needed. 

A.2.4 In an operating hydraulic System, the contaminant 
which is not removed by the filter will be circulated through the 
System and presented to the filter time again. This multi-pass 
action gives rise to the build-up of the smaller particle sizes (silt) 
observed in some hydraulic Systems. 

A.3.6 Thus, any proposed filter evaluation method should 
use directly the cumulative particle size distribution data and 
should represent the lowest Performance capability of the filter 
throughout its useful life. 

A.3.7 A term which uses these cumulative particle size 
distributions and which tan be used to determine Separation 
Performance over the useful life of a filter is called the 
cumulative efficiency. This term is expressed as follows : 

A.2.5 lt is known that the flow rate through the filter is a 
major factor influencing the capability of a filter to separate 
contaminant from the fluid passing through it and that a filter 
will perform differently under steady flow and pulsating flow. 

Nu - Nd 
&C = 

NU 

A.2.6 A realistic filter Performance test must demonstrate 
the capability of a filter under exposure to a constant flow rate 
specified by the manufacturer, a continuous supply of fresh 
contaminant at a controlled rate and a multi-pass contaminant 
action. 

% is the filter cumulative efficiency; 

A.2.7 The capability of a filter given by such a test tan be 
represented by the ratio of the particle size distribution 
upstream of the filter to that downstream of the filter 
throughout the useful life of the filter. This ratio is termed the 
filtration ratio. 

4 is the n Umber of particles greater than 
unit volume of fluid upstream of the filter; 

a given size per 

Nd is the number of particles greater than the 
Per unit vo ume of flui d downstream of the fi Iter; 

same size 

12 
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A.3.8 Since the cumulative efficiency could be confused 
with the particle size efficiency of A.3.1, it is desirable to define 
a more explicit term. The filtration (Beta) ratio (p,) is such a 
term and is derived from the cumulative efficiency equation of 
A.3.7 as follows : 

Nd 1 
%= -- 1 = l-- 

N, ß P 

A.3.9 Therefore the filtration ratio ßP is defined as : the ratio 
of the number of particles greater than a given size (p) in the in- 
fluent fluid to the number of particles greater than the Same 
size (p) in the effluent fluid. The ratio tan be stated by the 
following equation : 

ß 

NI 

P 
=- 

Nd 

A.3.10 The relationship between the contamination level in a 
realistic test System and the Beta ratio of the filter tan be deter- 
mined by a contaminant material (matter) balance. 

A.4 Contaminant material (matter) balance 

A.4.1 Consider the System as illustrated below 

R is the rate of contaminant addition in n Umber 
ticles greater than a given size (Fm) per unit time; 

% is the volume flow rate. 

of par- 

A.4.2 Contaminant entrained in the fluid of such a System 
tan be accounted for in the following manner (in this case, the 
filter is used as a reference) : 

Number of particles downstream > n Pm 

= Number of particles initial > II Pm 

+ Number of particles added > n Fm 

- Number of particles removed > m Fm 

NOTE - There are two major sources which contribute to the 
“Number of particles > n Pm added” term of this expression. One 
Source is the environment in which the System is operating, and the 
other, the wear particles originating from the components themseives. 
Contaminant entering a hydraulic System from the environment is 
called ingressed contaminant and that which originates from the 
components is called generated contaminant. Ingressed contaminant 
is generally considered to be the major Source in most hydraulic 
Systems. 

A.4.3 The word equation 
mathematicall y as follows : 

(Nd) V = (Ni) V + 1 Rdt - 1 (N, - Nd) q,dr 

V is the circulating volume; 

Ni is the ini tial number of parti cles greater than a given 
size (p m) per unit volume of fluid in the syste m. 

written 

A.4.4 Using the Beta ratio relationship given in A.3.9 and 
differentiating the equation in A.4.3 produces an expression for 
the contamination level downstream of the filter. This expres- 
sion is derived as follows : 

N, = ßpNd 

R 
Nd = Ni + 

s 
-dt - 
V s (ß, Nd 

4V - Nd) -dt 
V 

d(&) R 

dt V (4 
% =-- - +--N~ 
V 

d(&) 4V R 
- + (ß, 

dt 
- l,-Nd =- 

V V 

A.4.5 lt should be noted from A.4.4 that a Beta ratio equal to 
one means that the filter is incapable of removing any discerni- 
ble number of particles of a given size (Pm) or less from the 
fluid. 

A.4.6 Such mathematical analysis as indicated by the equa- 
tions in A.4.4 is fundamental for any description of the con- 
tamination level of a real operating System. 

A.5 Philosophical requirements for 
filter evaluation 

A.5.1 The preceding clauses of this annex have discussed 
the requirements, assumptions and basic concepts which must 
be included or considered in any acceptable test procedure in- 
tended for hydraulic filter evaluation. This clause will sum- 
marize these Points. 

A.5.2 A filter Performance test should be capable of pro- 
viding a comparison of different filters under standardized 
conditions approaching as closely as possible the actual con- 
ditions existing in an operating hydraulic System and should 
permit evaluation of the contamination control balance re- 
quired for the System components. 

A.5.3 The contamination level as given by the cumulative 
particle size distribution present in a circulating System as a 
result of the filter action is the most realistic and useful measure 
of a filter’s Separation Performance. 

13 
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A.5.4 Thus, a filter- evaluation expressed in terms of a con- formante of a filter due to the influence of the ever decreasing 
tamination level capability which is compatible with the control contamination level. The results sf this test cannot adequately 
balance concept will be applicable and useful to the fluid power discriminate between filters nor reveal the inability of a filter to 
industry in general. remove small particles. 

A.5.5 In Order for any filter evaluation method to be realistic, 
the filter must be subjected to those critical conditions which 
will be encountered in an operating hydraulic System. 

A.6.1.6 When an operating hydraulic System is considered, a 
multi-pass test with continous injection is the contaminant 
exposure concept which most closely simulates the contami- 
nant environment of a filter in such a System. 

A.5.6 Therefore, a realistic filter Performance test must 
demonstrate the capability of a filter when exposed to a cons- 
tant flow rate as specified by the manufacturer, a continuous 
supply of fresh contaminant at a controlled rate and a contami- 

A.6.1.7 Furthermore, the results of a continuous-injection 
multi-pass test will reveal any “build-up” of small particles 
allowed by the test filter. 

nant multi-pass action. 

A.5.7 In Order to make practical use of the information from 
a filter Performance test in predicting the contamination level of 
a real operating System, such a test must provide the necessary 
information for the equation describing the contamination 
level. 

A.6.1.6 Thus, a realistic filter test must incorporate the 
continuous-injection multi-pass contaminant exposure con- 
cept. 

A.6.2 Fluid exposure 

A.6 Basic filter test concepts 

A.6.2.1 The second basic concept of filter testing is concer- 
ned with fluid exposure where all tests tan be classified as 
either “blow-down” or continuous circulation. 

A.6.1 Contaminant exposure 

A.6.1.1 All filter tests employ one or two types of contami- 
nant exposure concepts or techniques. One is termed “single- 
pass” because an auxiliary filter or some other means is used to 
remove the contaminant which escapes or penetrates the test 
filter. The second technique is called “multi-pass” because any 
contaminant which escapes the test filter is allowed to recir- 
culate unaltered and unrestrained through the closed test loop 
and is reexposed to the filter many times. 

A.6.2.3 The blow-down test is capable of providing certain 
information associated with filter design Parameters and tan be 
used to compare filters; however, it does not simulate a realistic 
fluid power System condition nor tan the results be interpreted 
in terms of actual System requirements. A.6.1.2 In addition, both of these contaminant exposure con- 

cepts tan be further classified by the manner in which the con- 
taminant is presented to the test filter. The filter tan either be 
subjected to a relatively large amount of contaminant over 
discrete time periods (batch injections) or tan be subjected to a 
much smaller amount on a continuous basis (continuous injec- 
tion). 

A.6.2.4 Since hydrauFCc Systems contain a continuously 
flowing fluid and this flow is a Parameter affecting the capabi- 
lity of a filter, a fluid exposure concept for a filter test other than 
a continuous flow type would not ciosely simulate the condi- 
tions of a hydraulic System. 

A.6.2.2 I n a blow-down or on “one-shot” type test, t he con- 
taminated fluid is prepaa ,ed and contained in a larg e tank. 
During the test, this fluid is released and forced to pass through 
the test filter until the tank is either empty or the filter 
“blocked”. If additional test data are desired, the tank must be 
refilled and the process of blow-down repeated. 

A.6.1.3 Although the results of a Single-pass test which uses 
either batch or continuous injection is sufficient to compare the 
capability of one filter relative to another, it is very difficult to 
interpret such information in terms of the contamination con- 
trol balance for a given fluid power System. 

A.6.3 Separation Performance evaluation 

A.6.3.1 The third basic concept of filter testing is the separa- 
tion Performance evaluation. 

A.6.1.4 Also, the results of any Single-pass test cannot as ef- 
fectively reveal the inability of a filter to remove small particles 
and prevent their build-up as tan the results using the multi- 
pass concept. The control of small particles is becoming of 
major importante in many hydraulic Systems. 

A.6.3.2 lt is recognized among contamination control specia- 
lists that the concentration of contaminant entrained the fluid 
of the test System after being subjected to the action of the test 
filter is a reliable and major Parameter for filter Performance 
evaluation. 

A.6.1.5 The multi-pass test employing batch injection is 
characterized by the classical “clean-up” curve, which exhibits 
an exponential decay; which is initiated by a Single, Iarge, con- 
taminant injection followed by filtration and a normal contami- 
nant intermixing process. This technique disguises the true per- 

A.6.3.3 There are two ways in which this concentration tan 
be evaluated. One techinque measures the weight of contami- 
nant per unit volume of the System fluid (gravimetric analysis), 
while the second method determines the cumulative particle 
size distribution. 
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A.6.3.4 While gravimetric methods reflect cumulative particle 
concentrations, such methods do not permit precise definition 
of the fluid contamination level. On the other hand, particle 
counting limitations at small particle sizes have prevented com- 
plete definition on a cumulative particle size basis. 

A.6.3.5 By combining these two methods (gravimetric and 
particle counting), a more comprehensive technique is 
achieved for evaluating the Separation Performance capability 
of a filter. 

A.7 Outline of multi-pass filter testing 

(See figures 4, 5, 6 and 7 for procedural diagrams.) 

A.7.1 The test filter element is subjected to the fabrication 
integrity test (sec ISO 2942) to verify it is correctly fabricated 
and undamaged. 

A.7.2 The test circuit employs the con 
multi-pass contaminant ex posure concept. 

tinuo us- injec tion 

A.7.3 A continuous flow of fluid at a specified magnitude is 
maintained throughout the test period. In Order to allow effec- 
tive interpretation of the test data, it is necessary to maintain a 
constant fluid volume in the filter test System during the test. 

A.7.4 Prior to any test, the test facility (both injection System 
and filter test loop) must be certified as to its capability to main- 
tain contaminant in Suspension. 

A.7.5 The test element is subjected to a constant circulating 
flow with continuous contaminant injection until the pressure 
differential across the test element has increased by a given 
amount. 

A.7.6 Sample Containers are prepared and certified in accor- 
dance with ISO 3722. 

A.7.7 Samples are extracted upstream and downstream of 
the test filter at given values of pressure differential over the 
duration of the test in accordance with ISO 4021, or any ISQ- 
approved sampling procedure. 

A.7.8 The samples are analyzed by determining the 
cumulative particle size distribution. Since automatic particie 
counting (when calibrated in accordance with ISO 4402) has 
only been verified for 10 pm and above, and since no other 
calibration procedures or verification evidente have been 
published, this cumulative particle size distribution analysis is to 
be limited to 10 pm and above. 

A.7.9 The gravimetric level of the final upstream Sample is 
measured to provide an additional evaluation of the capability 
of the test filter. 

A.7.10 All fundamental data derived from this test pro- 
cedure are recorded on an appropriate test report sheet. Such a 
record permits the use of many analytical interpretative tech- 
niques which are valuable to various Segments of the fluid 
power industry as weil as allowing for future interpretation 
methods yet to be formulated. 

A.7.11 The test report sheet provides sufficient information 
to evaluate the characteristics of a filter element for three basic 
Parameters : 

a) Pressure loss : 

All combinations of 
ment and housing. 

differential pressures for the filter ele- 

b) Contaminant capacity : 

Air cleaner fine test dust ca 
taminant specified. 

pacity using the Standard con- 

c) Particle Separation capability : 

Filtration ratio for particle sizes greater than 10 Pm and final 
gravimetric level for particle sizes less than 10 Pm. 
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Filter Performance test circuit (8.1) Contaminant injection System (8.2) :) 

Select minimum flow and adjust volume to (8.1.1) 
1/4 the flow per minute value (8.12) maximum volume 

Contaminate System to 5 mg/L with air 
cleaner fine test dust 

(8.1.3) Contaminate System to gravimetric level 
with air cleaner fine test dust (8.2.2) 

Circulate the fluid for 1 h and extract 
samples at 15’30, 45 and 60 min (8.1.4) Extract samples at 30, 60’90 and 120 min (8.2.3) 

Count the number of particles in each 
Sample > 10 um and > 20 Pm (8.1.5) Perform gravimetric analysis on each Sample (8.2.4) 

1 

Are all counts for 
each size within 10 % 

Validation 
rejected 

levels within 10 % of 

for > 10 Pm between 
600 and 900 ? 

Validation completed 

YES NOTE - Refer to the numbers in the main part of 
this International Standard for detailed infor- 
mation. 

Validation completed 

Figure 4 - Procedural diagram for validation 
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Contaminant injection System (9.2) Test filter assembly (9.1) 

Block filter bypass if one exists (9.1.1) Calculate predicted test time 

Calculate minimum injection volume needed (9.2.2) Conduct fabrication integrity test (9.1.2) 

f 1 
t 9 

Dry element (9.7.2) Calculate injection gravimetric level and (9.2.3) 
amount of contaminant (9.2.4) 

Adjust flow rate and volume to the selected (9.2.5) 
values (9.2.6) 

Filter test System (9.3) 
b 

I nstall empty housing (9.3.1) 

P L 

Clean up fluid to less than 1 000 particles (9.2.7) 
> 10 pm/mL then bypass clean-up filter (9.2.8) 

(9.3.2) Record housing Ap at rated conditions 

I Add necessary contaminant to fluid 
I 
(9.2.9) 

(9.3.4) 

Adjust volume to 1/4 rated flow of filter 

Circulate for minimum of 15 min 

Clean up fluid to less than 15 particles 
> 10 um/mC 

NOTE - Refer to the numbers in the main part of 
this International Standard for detailed infor- 
mation. 

Set sampling flow rates at correct values 

Figure 5 - Procedural diagram for preliminary preparation 
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I nstall element and establish operating 
conditions 

I 
* I 

Record clean element pressure drop ( 10.2) 

1 

Calculate pressure drops for increases of 5, 
10,20,40,80 and 100 % of net Ap 

Extract samples from upstream of test filter 
and from injection fluid 

1 

( 10.3) 

(10.4) 
(10.5) 

\ + 

Measure and record initial injection flow rate (10.6) 

4 b 

. 

Bypass System clean-up filter (10.7.1) 

Start injection flow into System, the timer 
and sampling flows 

(10.7.2) 
(10.7.3) 
(10.7.4) 

t 

Record time for increases of 5, 10, 20, 40, 
80 and 100 % of net Ap 

Extract samples at 2 min from Start and 
record times for increases of IO, 20, 40 and 
80 % of net Ap 

Stop System flow 

I 

(10.8) 

(10.9) 

(10.10) 

Extract Sample from injection fluid 

Measure and record final injection flow rate 

NOTE - Refer to the numbers in the main part of 
th is I nternational Standard for detailed infor- 
mation. 

(10.12) 

Figure 6 - Procedural diagram for filter Performance test 
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Analyze samples from filter test System for 
particles > 10, > 20, > 30 and > 40 Pm 

YES Reject test 

1 
1 

Conduct gravimetric analysis on 80 % Sample 
and injection samples (12.2) 

Record 80 % gravimetric as final gravimetric (12.2.1) 

(12.1) r 

Are both injection 
gravimetric levels within 10 % of 

(12.2.3) 

NO 

R ej ect test 

+ 
YES 

Calculate injection flow by averaging two 
readings (12.3) 

Is injection flow 
equal to selected value k 5 % ? 

(12.3.1) 

NO 

1 

i 
YES 

Calculate and record base upstream gravi- 
metric level 

t 
Reject test 

(12.4) 

Is base upstream 
level equal to 10 2 1 mg/L ? 

t 

YES 

Calculate and record filtration ratios 

Calculate and record air cleaner fine test 
dust capacity 

NOTE - Refer to the numbers in the main part of 
this International Standard for detailed information. 

(12.4.1) 

NO 

t 
Reject test 

(12.5) 

(13.2) 

NOTE - Refer to the numbers in the main part of this International Standard for detailed information. 

Figure 7 - Procedural diagram for data analysis and presentation 
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General assumptions and explanations 

A.8.i Since the test procedure requires that a highly con- 
taminated slurry be continuously added to the filter test 
System, the same amount of fluid most be removed from the 
test System to prevent an increase in the total volume of the 
System. 

A.8.2 Filters exhibit different air cleaner fine test dust 
capacities and if a means is not provided to regulate the volume 
of the test System, then this volume would vary with the air 
cleaner fine test dust capacity of the filter. 

A.8.3 Therefore, the contamination level of the test System 
(which would be influenced by the test System volume as well 
as the Separation Performance of the test filter) would be er- 
roneously interpreted. 

A.8.4 To regulate the volume of the test System, set the 
downstream Sample flow to equal the injection flow and collect 
it outside the test System. 

A.8.5 Removing this Sample flow from the test System in- 
troduces a limit to the minimum flow rate at which multi-pass 
action tan be carried out and introduces a small error in the air 
cleaner fine test dust capacity rating. 

A.8.6 As the fluid downstream of the filter is the cleanest 
fluid in the System, the removal of fluid as this Point will in- 
troduce the smallest error. 

A.8.7 The restriction of this test procedure to those filters 
which exhibit a filtration ratio of less than 75 was incorporate,d 
because this is the maximum filtration ratio included in the 
reproducibility data. 

A.8.8 If the concentration of contaminant in a fluid Sample is 
too great, it is necessary to dilute the Sample in Order to reduce 
this concentration before attempting to obtain a particle size 
distribution. The greater the dilution that has to be carried out, 
the more chances there are of introducing errors. 

44.8.9 Thus, a filter which allows the contamination level of 
the test System to exceed 200 mg/L is excluded from this test 
procedure to prevent the possibility of large errors due to dilu- 
tion. 

A.8.10 Flow rate restrictions which are included in the test 
procedure ensure sufficient multi-pass action at the lower flow 
rates and illustrate the lack of experience and capabilities at 
higher flow rates. 

A.9 Implementation experience 

A.9.1 Fabrication of test facilities to perform this multi-pass 
filter Performance test has given some valuable experience. The 
Object of this clause is to describe some of the experience 
gained. 

A.9.2 Pumps which produce large flow fluctuations at 
steady state pumping conditions should be avoided. Such 
pumps subject the test filter to a highly pulsating flow stream 
which tan produce quite different results from those obtained 
under a more steady flow. 

A.9.3 Sampling is critical to this test procedure. Samples 
which are not representative of the fluid in the test System will 
produce error. lt has been found that samples extracted under 
turbulent dynamic conditions are the most representative. The 
sampling procedure in ISO 4021 outlines a method which in- 
cludes these conditions. 

A.9.4 The Containers used for the fluid samples extracted 
during the test should be cleaned to prevent the introduction of 
additional contaminant. lt has been found that a Container con- 
taminant background which is at least two decades below the 
contaminant level of the fluid placed in it is satisfactory. The 
procedure described in ISO 3722 will allow verification of the 
Container background. 

A.9.5 To ensure that the contaminant which is placed in the 
System remains in circulation unless removed by the test filter, 
adequate turbulente in the System should be provided. Since 
there are no lang, straight runs sf tubing in such a test System, 
the relationship between Reynolds Number and fully developed 
fluid flow conditions does not hold. Therefore, a verification 
procedure is included in this test method to ensure that: ade- 
quate turbulente does exist in, thes test System. 

A.9.6 Ta further enha,ce turbulent mixing in the test System 
reservoirs, a flow diffuser should be used at the termination of 
the. return line. Typical diffuser designs are shown in figure 8. 

A.9.7 In Order to be certain that the results of any filter test 
are representative of the Performance exihibited by the medium 
of the filter, it is necessary to avoid any possible bypassing of 
the fluid around the medium. Shipping darnage or fabrication 
defects tan produce paths by which the fluid tan bypass the 
filter medium. Such paths tan be detected by a fabrication in- 
tegrity test conducted in accordance with ISO 2942. 

A.9.8 Experience has shown that particle size analysis 
should be approached cautiously. In the past, several different 
dimensions have been used to designate the size of a particle 
(such as longest dimension, shortest dimension etc.). Also, 
automatic particle counters have introduced conversions from 
some other measurement Parameter to a size dimension. For 
example, some automatic particle counters measure the pro- 
jected area of a particle. This measurement must be and tan be 
converted to a size dimension such a longest dimension. This 
conversion is the primary purpose of the automatic particle 
counter calibration procedure given in ISO 3938. 

A.9.9 To date, only verification data between automatic par- 
title counter results for particles greater than 10 Pm have been 
reported. Such data are not available for other counting tech- 
niques nor for particle sizes less than 10 Pm. Therefore, these 
verification data are used to establish the state of the art in par- 
title size analysis. 
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A.10 Summary of verification effort 

A.10.1 In Order that any test procedure be given serious con- 
sideration as an International Standard, the results of a verifica- 

A.18.6 The Beta ratio determined as part of this test pro- 
cedure is influenced by the sampling techniques used, the con- 
taminant background of the Sample Containers, and the 
capability of the particle counting method employed. 

tion Programme are requisite. A.10.7 An international Survey has been conducted to deter- 

results of this Survey and the influence of Sample Container 
cleanliness, the expected Variation in the filtration ratio tan be 
predicted as shown in figure 9. 

mine particle counting capability worldwide. Based upon the 
A.10.2 Such a Programme should demonstrate the ap- 

addition, a verification effort should eliminate any ambiguous 
or impractical aspects associated with the test procedure. 

plicability of the test results, the ease with which the test tan 
be conducted, and the clarity of the procedural instructions. In 

A. 10.8 To verify repeatability and reproducibility, severaf 
tests were conducted, both within a laboratory and between 
laboratories. Five laboratories participated in establishing the 
reproducibility which could be obtained. Figure 10 Shows the 
results associated with the filtration ratio, while figure 11 
demonstrates the variations in air cleaner fine test dust ca- 
pacity. 

A.lO.3 In all test procedure verification Programmes, the 
question of accuracy and precision is important. Since 
knowledge of the true value of all of the test Parameters is re- 
quired to determine accuracy, such an appraisal is difficult and 
argumentative, if not impossible. Therefore, the precision of 
the test results is of paramount importante. 

A.10.9 The discriminatory characteristics of this test pro- 
cedure are indicated by the results of tests conducted at 
laboratories on a broad spectrum of filters. The results of these 
tests are listed in table 3 and are summarized in figure 12. It 
should be noted that figure 12 tan also be used as a procedural 
control Chart. Upstream and downstream particle counts falling 
outside the indicated range for a given filtration ratio should be 

A.lO.4 The precision of a test procedure tan be determined 
from repeatability and reproducibility data. 

A.10.5 Also, a successful verification Programme must 
Show that the criterion derived from the test results tan be 
utilized to discriminate between the items being tested. considered invalid for a 10 mg/L base. 
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