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LIQUID FILTER RATINGS, PARAMETERS AND TESTS 

1. SCOPE: 

This SAE Aerospace Information Report (AIR) identifies and explains the 
meaning of various ratings and terms used to describe the physical 
characteristics of 1 iquid filter elements. 
parameters is discussed. 
briefly described. This AIR and the data presented are only applicable to 
filters in which the system liquid wets the filter elements. 
includes equivalent metric units (in parentheses) as referenced information. 

The significance of various filter 
In addition, a number of filter test methods is 

This document 

2. REFERENCES: 

2.1 Applicable Documents: 

The following publications form a part o f  this specification to the extent 
specified herein. 
applicable issue of other documents shall be the issue in effect on the date 
o f  the purchase order. 

The latest issue of SAE publications shall apply. The 

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, 
PA 15096-0001. 
ARP24 
ARP901 Bubble Point Test Method 

Determination of Hydraulic Pressure Drop 

2.1.2 U.S. Government Publications: Available from Standardization Documents 
Order Desk, Building 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094. 

MIL-F-8815 Filter and Filter Elements, Fluid Pressure, Hydraulic Line 
MIL-F-24402 Filters (Hydraulic), Filter Elements (High Efficiency) 
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sciences. The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent 
infringement arising therefrom. is the sole responsibility of the user." 

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your 
written comments and suggestions. 
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2.1.3 NFPA Publications: Available from National Fluid Power Association, 3333 
N. Mayfair Road, Milwaukee, W I  
ANSI/(NFPA) T3.10.8.8 Hydraulic Fluid Power - Filters - Multi-pass Method 

for Evaluation Fil ter Performance (Revision and 
redesignation of ANSI/B93.31) 

Multi-pass Method for Evaluating the Filtration 
Performance of Coarse Hydraul ic Fil ter Element 

53222-3219. 

NFPA T3.10.8.18 

3. FILTER RATINGS: 

Filter ratings are arbitrary yardsticks which have been selected to 
differentiate performance between fil ter elements. Many factors are 
considered in establishing a filter rating procedure, such as sensitivity, 
reproducibility from test to test and between laboratories, and speed of 
performance. 
correlate with system performance, the rating procedures can only simulate 
rather than reproduce system conditions. 

Whi 1 e each fi 1 ter rating measures a parameter which attempts to 

3.1 Absolute Filtration Rating: 

The absolute filter rating is defined as the diameter of the largest hard 
spherical particle which will pass through the filter element under specified 
test conditions. This is an indication of the largest opening in the filter 
element. The absolute rating is determined by the "Maximum Particle Passed 
Test" (see 5.2) in which a volume of fluid containing various size spherical 
particles is passed through the filter element. The effluent fluid is then 
passed through a membrane analysis filter which is then examined under a 
microscope to determine the largest spherical particle which passed through 
the filter element. 

Since contaminants are rarely spherical, the absolute rating cannot be 
correlated with the efficiency rating and is usually less significant in 
defining filter performance than is the efficiency rating. 
of filter media with the same absolute rating may have a significantly 
different efficiency at removing system contamination. 
significance of the absolute rating determined by the "Maximum Particle 
Passed Test" is that it is often correlated with the "Bubble Point Test" (see 
5.1) which can then be used to provide a quality conformance test for 
production elements. However, in some systems an absolute filter rating may 
be applied in an attempt to insure removal of particles of a size that could 
block a small orifice or passage. 

3.2 Filtration Ratings: 

Different types 

lhe primary 

Filtration ratings attempt to assess the particulate removal capability of 
the fil ter. 
that are in use are as follows: 

Several methods of expressing filtration ratings or efficiency 
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3.2.1 Nominal Filtration Rating: The nominal filtration rating is a measure of 
the retention by weight of a specified artificial contaminant of a given 
concentration under specified test conditions. 
usually based on a 90, 95, or 98% retention by weight when tested in a 
degree of filtration test similar to that described in 5.3 under filtration 
test methods. Due to many variations in test procedures and lack of 
uniformity in percentage removal, "nominal" ratings are primarily an 
arbitrary value establ i shed by the manufacturer. 

Figure 1 indicates the distribution by weight of some artificial 
contaminants commonly used for filter efficiency tests. 
Table 1 the "nominal" filtration rating is dependent upon the percentage 
retention by weight. 

"Nominal" ratings are 

As shown in 

TABLE 1 

- 3 -  

Nominal Micrometer Rating Nominal Micrometer Rating Nominal Micrometer Rating 
Contaminant At 90% Retention At 95% Retenti on At 98% Retention 

F-12 glass beads 15 13 12 

10-20 p glass beads 12 11 9 

F-9 glass beads 0 6 4 

AC Fine test dust 2 1 0.5 

Therefore, to have meaning, the percentage of test contaminant retained by 
the filter should accompany the "nominal" rating. Identifying the test 
contaminant and percentage of contaminants retained is preferred to the 
arbitrary nominal rating often used. 
vagueness, is losing favor to the more modern and sophisticated filtration 
ratio described. 

The nominal rating, because of its 

3.2.2 Filtration Ratio: A filtration ratio test defines the dynamic efficiency 
of a filter to a discrete micrometer size under specified test conditions. 
The filtration ratio relates the number of particles larger than a given 
size flowing into a filter to the number of particles larger than the same 
size simultaneously leaving the filter. The filtration ratio is obtained 
by dividing the number of upstream particles greater than a given particle 
size by the number of downstream particles greater than the same particle 
size. 

Ratio = N o .  of Upstream P a r t i c l e s  Grea te r  than ( x )  M i c r o m e t e r s  
N o .  of D o w n s t r e a m  P a r t i c l e s  Grea te r  than (x) M i c r o m e t e r s  

Filtration ratio values are obtained at designated intervals while the test 
is in progress. 
interruption. In this test, a predetermined weight of a specified 
contaminant is continuously added to the test system. 
temperature, system fluid volume, and flow through the test filter are 
maintained constant during the test while the pressure differential is 

The test must proceed from start to completion without 

Conditions of fluid 
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3.2.2 (Continued): 

monitored. 
levels of differential pressure across the filter by counting particles 
above a specific size from samples of test fluid withdrawn simultaneously 
upstream and downstream of the filter element. 
test system, and method are described under multipass test in 5.4. 

Different filtration ratio symbols have been assigned to several dynamic 
efficiency tests. 
multipass filtration ratio test employing air cleaner coarse test dust 
(ACCTD) contaminant. The Greek symbol p (beta) is used to indicate a 
multipass filtration ratio test employing air cleaner fine test dust 
(ACFTD) contaminant. The Greek symbol e (theta) is used to indicate a 
single pass filtration ratio test employing air cleaner coarse test dust 
(ACCTD) . 
The Filtration Ratio can be expressed by the following: 

Filtration ratios are determined at various predetermined 

The test contaminants, the 

The Greek symbol a (alpha) is used to indicate a 

Nu 
Nd FR, = - 

where: 

FR, = Filtration Ratio for contamination > x pm 
Nu = Number of particles greater than size (x  pm) per unit volume of 

N, = Number of particles greater than size (x pm) per unit volume of 
fluid upstream of the filter 

fluid downstream of the filter 

Example: For particles 10 pm and greater in size 
N, = 3760 
N, = 68 

Then 

The 
f 01 

3760 
6 8  

FR,, = - = 5 5  

filtration ratio can be converted to an Efficiency Rat 
owing formul a: 

where: 

(Eq.3) 

ng ("E,") by the 

E,, = Efficiency, expressed as percent, of the filter medium's ability 
to remove particles over a particle size (x), by count. 
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3.2.2 (Continued): 

FR,, = 55 

Example: q,, = - 55-1 x 100% = 98.2% 
55 

For comparison o f  f i l t e r  media, t h e  E f f i c i e n c y  Rat ings (E,) f o r  a number o f  
f i l t r a t i o n  r a t i o s  are i nd i ca ted  i n  Table 2: 

TABLE 2 

F i l t r a t i o n  R a t i o  Eff iciency Rating (E,) 

1 O 
2 5w 
10 9 0% 
20 9 5% 
50 98% 
100 99% 
1000 99.9% 

A f i l t e r  element w i t h  a repor ted ß-Rating o f  ß 3  2 50 would remove a minimum 
o f  98% o f  a l l  a i r  c leaner f i n e  t e s t  dust  p a r t i c l e s  g rea ter  than 3 pm. 
S i m i l a r l y  a f i l t e r  element w i t h  a p-Rating o f  pio L 20 would remove a 
minimum o f  95% o f  a l l  the  p a r t i c l e s  g rea ter  than 10 pm. 
element r a t e d  ß 3  2 50 w i l l  remove many more small p a r t i c l e s ;  espec ia l l y  i n  
t h e  3 t o  10 pm range, than w i l l  t h e  element r a t e d  pio 2 20. 

For f i l t r a t i o n  r a t i o s  over 100, a d i f f e rence  o f  one p a r t i c l e  downstream 
w i l l  change t h e  f i l t r a t i o n  r a t i o  s i g n i f i c a n t l y .  Therefore, i t  i s  
recommended t h a t  t h e  f i l t r a t i o n  r a t i o  be based on a smal ler  s i z e  p a r t i c l e  
when t h e  f i l t r a t i o n  r a t i o  exceeds 100. 

Obviously t h e  

A number o f  f i l t r a t i o n  r a t i n g s  can be based on t h e  f i l t r a t i o n  r a t i o .  
o f  the  more common o f  these r a t i n g s  are as fo l lows:  

Some 

3.2.2.1 Minimum Beta: The minimum value o f  t h e  f i l t r a t i o n  r a t i o  f o r  p a r t i c l e s  
g rea ter  than a spec i f i ed  s i z e  observed a t  any o f  t h e  requ i red  measurement 
po in ts .  
p a r t i c l e s  g rea te r  than 10 pm. 
i d e n t i f i e d  f o r  p a r t i c l e  s izes o ther  than 10 pm. For f i n e  f i l t e r s  as used 
i n  many aerospace systems, ßs and ß3 r a t i n g s  are more appropr ia te.  

Since t h e  f i l t r a t i o n  r a t i o  may vary w i t h  d i f f e r e n t i a l  
pressure and from one sample p o i n t  t o  the  next, an a r i t hmet i c  average o f  
the measured f i l t r a t i o n  r a t i o  f o r  p a r t i c l e s  g rea ter  than any s i z e  o f  
i n t e r e s t  i s  o f t e n  used r a t h e r  than the minimum value. 

The cu r ren t  vers ion o f  ANSI 893.31 requ i res  a minimum beta f o r  
Obviously, minimum beta r a t i n g s  can be 

3.2.2.2 The Average Beta: 

3.2.2.3 The Time Averaged Beta: Since the re  i s  a t ime base f o r  t h e  t e s t ,  a t ime 
averaged f i l t r a t i o n  r a t i o  i s  sometimes used. 
r a t i o s  o r  t ime averaged e f f i c i e n c i e s  can be used but t h e  r e s u l t s  are no t  
the  same. Current ly ,  the  most favored t ime average i s  based on t h e  
e f f i c i e n c i e s .  

E i t h e r  t ime averaged beta 
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3 . 3  

4 .  

4 . 1  

4 . 2  

Efficiency by Weight: 

A number of Military Specifications, such as MIL-F-8815 and MIL-F-24402, 
require that a filter element remove a minimum percentage by weight o f  a 
specified contaminant when a certain weight of the contaminant is added on 
the upstream side of the element. This is known as a degree of filtration 
test (see 5.3). 
measuring the efficiency o f  an element only at the beginning of its life. 

While the test is very repeatable it has the disadvantage of 

SIGNIFICANT FILTER PARAMETERS: 
In addition to the filtration ratings the various parameters that are used to 
further determine the performance of an element are: 

a. Clean pressure drop 
b. Dirt capacity 
c. Col 1 apse pressure 
d. Flow fatigue 
e. Reverse flow 
f. Media migration 
g . Materi al compati bi 1 i ty 
h. Cold start capability 
i. Containment retentivity 

Clean Pressure Drop: 

Clean pressure drop is the differential pressure across a new filter element 
at specified flow rates and temperatures with a specified fluid. 
speci fi cat i on requirement , clean pressure drop provides 1 i ttl e measure of 
element performance compared to the dirt holding capacity at a specified 
terminal pressure drop. See 5.5 for test method. 

Dirt Capacity: 

As a 

Dirt capacity is a measure of the "life" of the element, i.e., the amount of 
contaminant added in a laboratory test before the differential pressure due 
to clogging becomes so high that the element must be replaced or cleaned. 

The element differential pressure on which dirt capacity is based, may be 
selected on the basis of: 

a. Pressure drop just below the cracking pressure of the housing bypass 
valve, or 

b. The setting at which the differential pressure indicator actuates, or 

c. An arbitrarily selected value below the collapse strength of the element; 
a typical level being 3 to 9% of system operating pressure 

8 

i 

The dirt capacity of an element relates to the frequency o f  maintenance and 
thus economy o f  operation. 
filter element of a particular flow-rate and filtration rating, must be based 
on a trade-off between size and economy. 

The selection of required dirt capacity for a 
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4.2 (Continued) : 

D i r t  capac i t y  i s  an important f a c t o r  i n  eva lua t i ng  elements o f  comparable 
f i l t r a t i o n  e f f i c i e n c y .  
determinat ion o f  element se rv i ce  l i f e .  Service l i f e  i s  a l so  r e l a t e d  t o  
contaminat ion generat ion and inges t i on  rates.  Contamination generat ion i s  
r e l a t e d  t o  f i l t e r  e f f i c i e n c y  s ince h igh  e f f i c i e n c y  f i l t e r s  prov ide cleaner 
systems which r e s u l t  i n  l e s s  wear and contamination generation. 

I n  d i r t  capac i t y  tes ts ,  increments o f  a standard contaminant a re  added 
cont inuously  o r  p e r i o d i c a l l y  u n t i l  a s p e c i f i e d  d i f f e r e n t i a l  pressure i s  
reached. 
t o t a l  contaminant added i s  c a l l e d  t h e  apparent d i r t  capaci ty  o f  t h e  element. 
The r e t a i n e d  d i r t  capaci ty  i s  t h e  amount o f  contamination re ta ined  by the  
f i l t e r  d u r i n g  the  t e s t .  The d i f f e r e n c e  between t h e  two d i r t  capac i t i es  i s  
t h e  amount o f  containment t h a t  passes through t h e  f i l t e r s .  D i r t  capaci ty  
t e s t s  are s e n s i t i v e  t o  several t e s t  va r iab les  such as contaminant 
c h a r a c t e r i s t i c s ,  r a t e  and amount o f  contaminant add, f l u i d ,  temperature, f l o w  
r a t e  and system cond i t i on ing  (volume, cleanup f i l t e r ,  etc.).  

Standardized a i r  c leaner f i n e  t e s t  dust, which simulates na tu ra l  a i rborne 
dust, i s  commonly used f o r  d i r t  capaci ty  t e s t i n  . D i f f e r e n t  contaminants 

o f t e n  used i s  standardized a i r  c leaner coarse t e s t  dust. While o the r  
contaminants can be used, the  a i r  c leaner t e s t  dusts prov ide standardized 
contaminants a t  r e l a t i v e l y  low cost.  D i r t  capaci ty  and e f f i c i e n c y  are 
g rea te r  a t  lower f l o w  r a t e s  and l e s s  a t  h igher  f l o w  rates.  

One bas ic  d i f f e r e n c e  i n  commonly used d i r t  capaci ty  t e s t s  i s  whether o r  n o t  a 
cleanup f i l t e r  i s  permi t ted downstream o f  t he  t e s t  element du r ing  t e s t i n g .  
The use o f  a cleanup f i l t e r  w i l l  increase the  apparent d i r t  capaci ty.  The 
lower the  f i l t r a t i o n  e f f i c i e n c y  o f  t he  element, t he  g rea te r  the increase i n  
apparent d i r t  capaci ty  o f  t he  element. However, i f  use o f  a cleanup f i l t e r  
i s  not permit ted,  the volume and design o f  the t e s t  c i r c u i t  can have an 
e f f e c t  on t h e  apparent d i r t  capaci ty  and in f l uence  the r e p e a t a b i l i t y  o f  t he  
t e s t  w i t h  d i f f e r e n t  t e s t  stands. 

However, d i r t  capaci ty  i s  on l y  one f a c t o r  i n  

See 5.6 f o r  a more d e t a i l e d  d e s c r i p t i o n  o f  t he  procedure. The 

w i l l  y i e l d  d i f f e r e n t  capac i t i es  f o r  t he  same f i  9 t e r s .  Another contaminant 

4.3 Col 1 apse Pressure: 

The co l l apse  pressure i s  the minimum d i f f e r e n t i a l  pressure across t h e  element 
f o r  which t h e  element must n o t  col lapse, cause permanent degradation o f  
f i l t r a t i o n  e f f i c i e n c y  o r  f a i l  i n  any o the r  manner. The minimum col lapse 
pressure must be somewhat h igher  than the f i l t e r  bypass r e l i e f  f u l l  f l o w  
pressure drop a t  c o l d  temperature. Fo r  f i l t e r s  wi thout  bypass r e l i e f s ,  t he  
minimum col lapse pressure should be h igher  than the  maximum d i f f e r e n t i a l  
pressure which can be developed across the  f i l t e r  when i n s t a l l e d  i n  the  
system. See 5.7 f o r  a co l lapse pressure t e s t  method. This  pressure can be 
somewhat h ighe r  than the  normal peak operat ing pressure o f  the system. 
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4.4  Flow Fatigue: 

Flow f a t i g u e  t e s t s  determine the  i n t e g r i t y  o f  t he  f i l t e r  element t o  wi thstand 
p u l s a t i n g  f l o w  by sub jec t i ng  the element t o  a f l o w  c y c l e  t h a t  normal ly ranges 
from zero t o  a s p e c i f i e d  percentage o f  r a t e d  f l o w  and back t o  zero. Test 
dust  i s  added so t h a t  cyc les are conducted a t  s p e c i f i e d  d i f f e r e n t i a l  
pressure(s).  
f o r  t e s t i n g  should be dependent upon the  expected se rv i ce  l i f e  and 
condi t ions.  See 5 .8 . fo r  t e s t  procedure. 

The number of f low cyc les and d i f f e r e n t i a l  pressure s p e c i f i e d  

4 . 5  Reverse Flow: 

I n  some systems, the  f i l t e r  element may be subject  t o  reverse f low, i.e., 
f l u i d  f l o w  through the  f i l t e r  housing i s  i n  a d i r e c t i o n  t h e  reverse o f  
normal. 
o f  support screens o r  mesh on both s ides o f  t he  medium. Of ten a b e t t e r  
a l t e r n a t i v e  i s  t o  design t h e  housing w i t h  va l v ing  t o  a l l o w  reverse f l o w  t o  
bypass the  element. 
so t h a t  f l o w  through the  element i s  always the  same regard less o f  d i r e c t i o n  
o f  f l o w  through t h e  housing. 

Reverse f l o w  c a p a b i l i t y  can be designed i n t o  an element by t h e  use 

Also w i t h  appropr iate valv ing,  a housing can be designed 

See 5.9 f o r  t e s t  procedure. 

4.6 Media Migrat ion:  

Media m ig ra t i on  t e s t s  are s p e c i f i e d  t o  determine and l i m i t  t h e  amount o f  
ma te r ia l  t h a t  a f i l t e r  re leases from i t s  own media and m a t e r i a l s  o f  
const ruct ion.  
s t r u c t u r a l  i n t e g r i t y  under intended serv ice condi t ions.  Such released 
mate r ia l  becomes a contaminant i n  a system. 

The re lease i s  caused by f a i l u r e  o f  t h e  media t o  mainta in  i t s  

See 5.10 f o r  t e s t  procedure. 

4.7  Mate r ia l  Compa t ib i l i t y :  

Ma te r ia l  c o m p a t i b i l i t y  t e s t s  are s p e c i f i e d  t o  determine the  i n t e g r i t y  o f  t he  
f i l t e r  element a f t e r  a r t i f i c i a l l y  aging i t  i n  the  f l u i d  i n  which i t  i s  t o  be 
used a t  an elevated temperature. See 5.12 f o r  t e s t  procedure. 

4 . 8  Cold S t a r t  Capab i l i t y :  

This parameter determines the  a b i l i t y  o f  t h e  element t o  wi thstand the  h igh  
d i f f e r e n t i a l s  generated a t  t h e  s ta r t -up  o f  a hyd rau l i c  system, e s p e c i a l l y  
under c o l d  environmental condi t ions.  See 5.11 f o r  t e s t  procedure. 

4 . 9  Contai nmen t Retent i v i  t y  : 

Containment r e t e n t i v i t y  i s  the a b i l i t y  o f  an element t o  r e t a i n  t h e  
contaminant under var ious cond i t i ons  o f  d i f f e r e n t i a l  pressure and f low.  The 
dynamic e f f i c i e n c y  o f  elements i s  known t o  vary and sometimes degrade by 
sudden releases o f  contaminant as d i f f e r e n t i a l  pressures and f l o w  changes. 
Therefore, conducting dynamic e f f i c i e n c y  t e s t s  a t  d i f f e r e n t i a l  pressures and 
f l o w  cond i t i ons  s i m i l a r  t o  those expected i n  actual  se rv i ce  w i l l  b e t t e r  
i n d i c a t e  the  a b i l i t y  o f  t he  element t o  r e t a i n  contaminants under se rv i ce  
condi t ions.  
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5. 

5 . 1  

5 . 2  

FILTER TEST METHODS: 
Bubble Point Test: 

The bubble point test measures the air pressure when the first steady stream 
of air bubbles is observed to emit from the top surface of a filter element 
which is approximately 1/2 in beneath the surface of the bubble point test 
liquid. The air pressure required to maintain the first stream of bubbles 
through a pore is inversely proportional to the size of the largest pore in 
the element after appropriate corrections for immersion depth, test 1 iquid 
surface tension and a shape correction factor for the type o f  media. 

For a given filter medium, an approximate correlation can be established 
between the bubble pressure test and the size of the maximum spherical 
particle passed in the maximum particle passed test. Using this correlation, 
the bubble pressure test can be used in production testing of filter elements 
as a quality control test. Even for elements without absolute ratings, the 
nondestructive bubble point test is often conducted on each element to assure 
qual i ty . 
Depth and semidepth type media have a higher efficiency and absolute rating 
than mesh filters with the same bubble point. 
of bubble point testing see ARP901. 

For a more complete discussion 

Maximum Particle Passed Test: 

This test i s  a measure of the largest standard contaminant that will pass 
through a filter under specified test conditions. The size of this particle 
is an indication of the largest pore in the filter element and thus 
determines the absolute rating of the element. 
test is a destructive test and the element should not be used after testing. 

The maximum particle passed 

The element is installed in a test system provided with a contaminant mixing 
chamber and quick opening valve immediately upstream of the filter. 
fluid to be used in the test is cleaned until a high degree of cleanliness is 
obtained. 

The 

A measured quantity of artificial contaminant of known particle size range 
and distribution - typically spherical glass beads or a mixture of Carbonyl 
Iron E and glass beads both smaller and larger than the specified absolute 
rating o f  the filter - is injected into the contaminant mixing chamber. 
After thorough agitation, a measured volume of the resulting mixture is 
passed through the filter and caught in a clean beaker. The effluent is then 
passed through a very fine membrane filter, typically of .45 pm pore size. 
The membrane filter is then examined under a high power microscope fitted 
with a graduated scale (ocular reticle). By visual observation, the diameter 
of the largest glass bead on the membrane is determined. The diameter of 
this largest bead, expressed in pm, is considered to be the absolute rating 
of the element. 

The preferred test contaminants are hard spherical particles. Because of 
their distinctive shape, they can be differentiated from contaminants which 
may be present on the downstream side of an element. 
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5.3 

5 . 4  

Degree of Filtration Test: 

This test is a measure of the efficiency, expressed as a percentage, of the 
filter element in removing a specified artificial contaminant (glass beads, 
AC fine or coarse test dust or some combination of test dust and beads) under 
specified test condi ti ons. 

The test system and method are similar to that used for the maximum particle 
passed test, except that the weight o f  the test contaminant that passes 
through the test element, and retained on the analytical membrane filter is 
determined by gravimetric analysis. 
cleaned until a degree of cleanliness is obtained which will have no 
significant effect on determination of filter efficiency. 
filtration or gravimetric efficiency is determined by Equation 6: 

The fluid to be used in the test is 

Then the degree of 

E f f  = - A-M x 100% (Eq.6) A 

where: 

A = weight of test contaminant added 
M = weight of test contaminant retained by membrane filter 

Step-by-step procedures and a detailed schematic for conducting the degree of 
filtration test can be found in many Military Specifications including 
MIL-F-8815 and MIL-F-24402. 

Mu1 tipass Test: 

The multipass test is used to determine the filtration ratio of a filter 
element. The test was developed by the Fluid Power Research Center at 
Oklahoma State University. 
ANSI/(NFPA) T3.10.8.8 and NFPA T3.10.8.18. The two tests listed are similar 
except AC fine test dust is used to evaluate fine filters and AC coarse test 
dust is used to evaluate coarse filters. When AC coarse dust i s  used the 
resulting filtration ratio is known as the Alpha (a) ratio. With the more 
commonly used AC fine test dust, the filtration ratio is known as the Beta 
( ß )  ratio. See 3.2.2 for explanation of this ratio. 

In the multipass test, fresh contamination is continuously injected into the 
test system and combines with the contamination in the system not trapped by 
the filter under test. Samples of test fluid are withdrawn simultaneously 
upstream and downstream of the element under test. ANSI/(NFPA) T3.10.8.8 
currently specifies bottle sampling but in-line sampling is often used when 
evaluating very efficient filters to eliminate the error caused by sample 
bottle cleanliness. 
of fluid is determined, usually at particles sizes of 10, 20, 30, and 40 pm 
although counts are often obtained for sizes down to 2 pm with automatic 
particle counters. 
levels of element loading. 
determined as described in 3.2.2. 

Detailed test procedures may be found in 

The cumulative particle size distribution per milliliter 

Filtration ratios can then be determined at various 
In addition, the filtration efficiency can be 
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5.4 (Continued): 

In some cases an antistatic agent is added to the test fluid for the 
multipass test. The antistatic agent: 

a. Minimizes charged particle cohesion 
b. Helps disperse the test dust more evenly 
c. Minimizes or eliminates the effects of static electricity in the fluid 

system 

In some cases, filtration ratios and dirt capacity may be several times 
higher when the test is conducted without the antistatic additive. Thus, 
there may be a significant variance in test results depending on whether or 
not an antistatic agent is used. ANSI/(NFPA) T3.10.8.8 requires the use of an 
antistatic agent. 

The multipass test can also be used to determine dirt capacity based on the 
contamination injection rate and the time required to reach a specified 
differential pressure. 

5.4.1 Modified Multipass Tests: In one modification of the multipass test, an 
on-stream cleanup filter is installed downstream of the downstream sampling 
port. 
overload the automatic particle counters. 
i s  known as the e (theta) ratio. 
Another variation developed by the Fluid Power Research Center, Oklahoma 
State University determines a filtration ratio solely from downstream 
particle concentrations at predetermined increments equal to the time for 
the fluids to make a complete pass. 
cycles are required. This procedure was developed for evaluating low flow, 
high Beta filters. The filtration ratio is designated as a Beta Prime (ß’)  
or Beta Bar rating. Unlike the typical multipass test, there is no 
additional ingression of contamination throughout the test. 

This filter prevents a build-up of fines in the system which can 
The resulting filtration ratio 

Usually, at least four circulating 

5.5 Clean Element Pressure Drop Test: 

The clean element pressure drop is the pressure drop across the element 
excluding pressure losses in the housing. In the clean element pressure drop 
test, clean fluid is normally passed first through an empty test housing or a 
test housing with a free flow dummy element and then through the housing with 
the test element installed. The difference in pressure drop with and without 
the element installed i s  the clean element pressure drop. There have been 
occasions where an empty housing has a higher pressure drop than one with an 
element in it. This unusual occurrence might be due to vortexes which the 
element breaks up. A negative clean pressure drop is meaningless. 
rates, fluid temperature (viscosity) are controlled, measured, and recorded. 
ARP24 provides guidance on measuring differential pressure. By subtracting 
the tare value for the empty housing, the pressure drop across the element 
al one can be determined . 

Flow 
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