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1.1 Introduction

ture component failure. This ARP provides a standard test method/for
beity of lubricant filter elements utilized in power and propulsion-'syste
mer a common means to evaluate the performance of lubricant filter eleme|

revised to: (1) include an update on the current status of the standard re
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rd, and (3) include editorial changes for clarity.

Recommended Practice (ARP) describes‘.the multi-pass method for ¢
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y power units (APUs), helicopter transthissions, constant speed drives (CS[

Variation in filter element testing methods and requifements make comparison of results difficult. In
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have a common means|

1.2 Filter Element P¢|
1.2.1 Filter Element H

Filter element efficiency

nt describes standard.filtration ratings and test procedures. Both manufag
to specify, control,(and evaluate filter elements.

rformance Ratings
Efficiency.

is. thie "ability of a filter element to remove (and retain) contaminant particle

This procedure determ

etermining the filtration
s. This will allow both
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ference material (SRM)
ARP1827 since it is not

bvaluating the filtration
Lbrication systems: gas
Ds), and integrated drive

order to minimize these
turer and customer will

s from the fluid stream.

nés’ the particle removal efficiency of the filter element as a function of pa

rticle size. The particle

removal efficiencies for the various particle size ranges are expressed as filtration ratios, termed Beta ratios. The filtration

ratio at a specified particle size

x,” designated x, is the ratio of the number of particles larger

than the specified size

entering the filter element, Ux, to the number of particles larger than the same size leaving the filter element, Dx:

Filtration Ratio at particle size “x” = Bx = Ux/Dx

(Eq. 1)

The techniques specified in this document allow measurement of filtration ratios up to 1000 (99.9% particle removal
efficiency) for the particle size range 4 um(c) to 25 um(c), as defined in ISO 11171.
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1.2.2 Multi-Pass Filter Element Dirt Capacity

The multi-pass filter element dirt capacity is the mass of test contaminant introduced into the filter element test system
during the filtration efficiency test to produce the prescribed terminal filter element differential pressure. This value should
be used only for comparing filter elements having similar filtration efficiencies.

It should be noted that a commonly specified dirt capacity test for lubricant filter elements utilized in aerospace lubrication
systems is the MIL-F-8815 dirt capacity test, MIL-F-8815 (4.7.2.6). In this dirt capacity test, contaminant is added in discrete
increments, “slugs,” each increment consisting of a constant, predetermined mass of test contaminant, immediately
upstream of the test filter, via a “slug” addition valve, at fixed intervals (usually every 4 minutes) during the test. The filter
element differential pressure is recorded 2 minutes after each contaminant “slug” addition. The total mass of contaminant
added to achieve the prescribed terminal filter element differential pressure is reported as the dirt capacity.

Depending on the customer specification, either dirt capacity test may be specified. Due to the differences in the two dirt

capacity tests, the dirt o
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Test Dust (designated ISO 12103-A2). In addition, ISO also specified

C particle counters to replace the ISO 4402 (1991) calibration procedure whi
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certified by the National
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The change in test coftaminant and the automatic particle counter calibration procedure has resulted in filter element

performance test result
Dust and ISO 4402 cal
performance test data

ARP5454 to historic sp
particle counter calibrat

Around 2016, NIST cerj

5 that are significantly different from performance test results obtained previ
bration. It is necessary for-users to take this into account when comparin
vith data generated per ARP5454, and when comparing filter element pe
on on laboratoryfilter performance and filter ratings.

ified a new'reference batch of ISO Medium Test Dust, SRM 2806b, for pa

since the original refer

determined by NIST dgered from the original reference batches of ISO Medium Test Dust (SRM

resulting in a redefinitign of particle sizes. Industry designated the particle sizes as pm(b) to coin
batch SRM 2806b. However, there is consensus in the industry that redefining particle sizes with
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pcification requirements. AIR5455 discusses the impact of the change in t¢st dusts and automatic
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ribution of SRM 2806b
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batch of ISO Medium Test Dust leads to confusion in the industry in setting specification requirements and complicates
comparison of data determined with particle counters calibrated with different reference batches. In order to alleviate this,
going forward, all particle sizes will be expressed in terms of the original particle sizes upm(c) defined for SRM 2806 and
SRM 2806a. At the time of this publication, NIST completed certification of a new batch of ISO Medium Test Dust as the
new standard reference material (SRM 2806d) due to the depletion of SRM 2806b.
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1.4  Filter Element Conditioning

Filter element performance ratings can be adversely affected by harsh operating environments. Filter elements should,
therefore, be subjected to procedures simulating these harsh operating conditions prior to performance testing. Conditioning
is the term covering these procedures. This document does not cover conditioning requirements. They should be determined
by the user and reported by the testing agency. AIR1666 discusses recommended filter element conditioning methods for
gas turbine engine lubrication filter elements. The methods discussed in AIR1666 can also be applied to filter elements
utilized in other aerospace lubrication systems.

2. APPLICABLE DOCUMENTS

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes precedence.
Nothing in this documgnthowever,—supersedes—applicabtetawsand—regutationsuntess—a—specific exemption has been
obtained.

2.1 SAE Publications

Available from SAE Intgrnational, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724{77604970 (outside USA), www.sae.org.

AIR5455 Impact of Changes in Test Dust Contaminants and Particle Counter Calibratjon on Laboratory Filter
Elgment Performance and Fluid Cleanliness Classes

AIR1666 Pefformance Testing of Lubricant Filter Elements;Utilized in Aircraft Power andl Propulsion Lubrication
Systems

ARP24 Determination of Hydraulic Pressure Drop

ARP785 Prgcedure for the Determination of Particulate Contamination in Hydraulic Fluids by the Control Filter

GrTvimetric Procedure
2.2 Military Specifications

Available from DLA |Document Services) Building 4/D, 700 Robbins Avenue, Philadelphia, PA 19111-5094,
Tel: 215-697-6396, httpf//quicksearch.dla.mil/.

MIL-F-8815 Filter and FilterElements, Fluid Pressure, Hydraulic Line, 15 Micron Absolute|land 5 Micron Absolute,
Type Il Systems General Specification for

MIL-PRF-23699 Lutrricating Oil, Aircraft Turbine Engine, Synthetic Base

MIL-PRF-81836 Filter and Disposable Element, Fluid Pressure, Hydraulic, 3 Micron Absolute
2.3 1SO Publications

Available from International Organization for Standardization, ISO Central Secretariat, 1, ch. de la Voie-Creuse, CP 56,
CH-1211 Geneva 20, Switzerland, Tel: +41 22 749 01 11, www.iso0.org.

ISO 4021 Hydraulic Fluid Power - Particulate Contamination Analysis - Extraction of Fluid Samples from Lines of
an Operating System

ISO 44021 Hydraulic Fluid Power - Calibration of Automatic-Count Instruments for Particles Suspended in Liquids
- Method Using Classified AC Fine Test Dust Contaminant

11SO 4402 has been withdrawn as of 12/09/1999.
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ISO 11171

ISO 11943
Cal

ISO 12103-1

ISO 16889

Hydraulic Fluid Power - Calibration of Automatic Particle Counters for Liquids

ibration and Validation

Road Vehicles - Test Dust for Filter Evaluation - Part |: Arizona Test Dust

2.4 NIST Publications

Hydraulic Fluid Power - On-Line Automatic Particle-Counting Systems for Liquids - Methods of

Hydraulic fluid power filters - Multi-pass method for evaluating filtration performance of a filter element

Available from NIST, 100 Bureau Drive, Stop 1070, Gaithersburg, MD 20899-1070, Tel: 301-975-6478, www.nist.gov.

NIST SRM 2806

National Institute of Standards and Technology - Standard Reference Material 2806 - Medium Test

Du

3. GLOSSARY OF TH
B = the filtration ratio ob
Q1 = the required flow r
Q2 = the required rate (|
Q2a = the calculated av
G1 = the required base
G1a = the actual, averag
G2 = the required gravir
G2a = the calculated av
Ux = the total number o
x = the total number o
1 = the predicted test tin

ta = the actual, recorde

St{MT D) Th Hydraufic Fiuid (1997)
RMS

tained using ISO Fine Test Dust (ISO 12103-A2) under multi-pass’test con
pte (liters/minute) through the filter element

ters/minute) of injection flow from the contaminant injection system to the fi
brage rate of injection flow from the contaminantinjection system to the filte
Lipstream gravimetric level (milligrams/liter)‘of contaminant in the filter elem
e base upstream gravimetric level (milligrams/liter) of contaminant in the fil
netric level (milligrams/liter) of contaminant in the contaminant injection sys
brage gravimetric level (milligrams/liter) of contaminant in the contaminant i

particles per unit volume greater than a given particle size “x” upstream of

particles per unit:volume greater than a given particle size “x” downstream
ne (minutes) of the test

H test'time

Hitions

ter element test system
r element test system
ent test system

ter element test system
em fluid

njection system fluid
the filter element

of the filter element

7t = the timer value at tt

€ ena or tne test

V1 = the filter element test system fluid volume (liters)

V2 = the contaminant injection system fluid volume (liters)

V2r = the contaminant injection system fluid volume (liters) at the conclusion of the test

Vam = the unusable fluid volume (liters) in the contaminant injection system

W, = the estimated mass (grams) of contaminant required for the test filter element to reach the terminal filter element
differential pressure

W2 = the required amount of contaminant (grams) to be added to the contaminant injection system to achieve the desired
base upstream gravimetric level (G+) in the filter element test system
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W3 = the required amount of contaminant (grams) to be added to the filter element test system to achieve the target base
upstream gravimetric level required to validate the filter element test system

Woc = the multi-pass test dirt capacity of the test filter element, defined as the mass of test contaminant introduced into the
filter element test system during the filtration efficiency test to produce the terminal filter element differential pressure.

x = contaminant particle size [um(c)] per ISO 11171 calibration

4. CONVERSIONS

(Liters per minute) = 3.785 x (U.S. gallons per minute)

(Milligrams per liter) = 0.2642 x (milligrams per U.S. gallon)

5. TEST SET-UP AN

A schematic diagram of

HARDWARE

the multi-pass test system is shown in Figure 1.
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Figure 1 - Schematic of typical test set-up for multi-pass filter performance test
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oriented to prevent contaminant entrapment.

All lines shall be sized to maximize turbulent flow throughout the system.

Vessels, conduits, reservoirs and fittings shall be selected with smooth contours, no pockets, and shall be properly

Reservoirs shall be constructed with smooth conical bottoms that have an included angle of not more than

Fluids entering the reservoir shall be diffused. Diffusion should take place below the reservoir fluid surface in order

to eliminate the formation of air bubbles. These air bubbles could adversely affect automatic particle counter

rvoir diffusion can also aide contaminant dispersion.

TEIMENtS are to be performed i accordance Wit ARP24-

5.1 General Considerations
5.1.1
5.1.2
51.3
90 degrees.
5.1.4
readings. Rese
5.1.5 Pressure meas
5.1.6 Cleanup Filter

The efficiency of cleapup filter elements used during testing and for initial cleaning’of test

MIL-PRF-81836 specifi
can affect both the part

5.2 Contaminant Inje

cation. Filter elements meeting this efficiency will control patticles in the 4
cle counts and the filter element dirt capacity.

Ction System

stem to yield a flow rate (Qz) of at least 0.25 Limin.

d shall be sufficient to contain the fluid.volume required by the following eq
V2 = (1200 x Q2x W1)/(G1 x Q1) + Vam

id volume may be increased as needed by increasing the amount of test d

factor of 1200 im Equation 2 is a composite of converting milligrams to grams (factor of 100

n slurry volume (factorof 1.2).

ontaminant, the clean-up filter element (item 4 in Figure 1), per 5.1.6, sha

injection system to the extentthat gravimetric analysis of fluid samples, taken from valve C

G2 =(G1 x Q1)/Q2

fluids shall conform to
pum(c) size range which

ans should be provided for transferring fluid from the contaminant injecfion system to the filter

olume (V2) of the contaminant injection system may be adjusted by varying the level of the fluid in

uation:

(Ea. 2)
ust proportionately. The

) and including a safety

| clean the contaminant
(Figure 1), shall be less

required gravimetric level (Gz2) of the contaminant injection system fluid, defined by the following

(Eq. 3)

521 A turbulent me
element test sy

5.2.2 The total fluid V
the reservoir ar

NOTE: The injection flu
margin of 20%

5.2.3 Before adding
than 1% of the
equation:

5.3

5.3.1

Filter Element Test System

The total fluid volume (V1) of the filter element test system (exclusive of the clean-up filter system) shall be

numerically equal (to within +2%) to one-fourth the required filter element flow rate (Q1). This volume may be
attained by adjusting the reservoir fluid level. In some instances, where the filter element flow rate is low, this may
be impractical, and a larger fluid volume may be utilized provided supporting test data is available to show that:
(1) there is no settling of test contaminant within the test system due to the low fluid turnover rate, and (2) the test
results are not materially affected due to the lower fluid turnover rate. In general, a total fluid volume (V1) of more
than one-half of the required test flow rate (Q1) is not recommended.
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53.2

The total fluid volume of the filter element test system should be maintained to within £5% of the initial volume (V1)
during the filter element efficiency test. This can be accomplished by discarding fluid at a regulated flow rate via
Valve D in Figure 1. The flow rate of fluid discarded via Valve D should be adjusted to be within 5% of the
contaminant injection flow rate (Qz) in order to maintain a constant filter element test system volume to within £5%
of the initial volume (V+1), unless portions of the upstream or downstream sample flow, including any on-line dilution,
to the automatic particle counters are discarded, or fluid is introduced into the system from external sources during
on-line dilution. In this case, the flow rate of the discarded fluid via Valve D should be suitably adjusted so as to
maintain a constant filter element test system volume to within 5% of the initial volume (V1).

5.4  Particle Counting

5.4.1

The automatic particle qounters, including the on-line dilution system, should be validated for,onsline

On-line automatic particle counting system and dilution system, per ISO 11943, shall be used to determine the
number and size distribution of the contaminant particles in the fluid. The on-line dilution system is required to
ensure that the particulate concentration in the fluid sampled by the automatic particle counters does not exceed
the saturation li

H H P N 4lo 4 ' whial 4 £ 4
o SPTUMNMTCU Uy UTC AUtUTTIatliv partivic COUUTIICT TTdriutatlurct.

counting in accordance

with ISO 11943.

54.2

543

6. MULTI-PASS TEST

6.1

6.1.1

Turbulent samg
filter element in
design of the sé

element test ci
to the filter ele

The portion onge sampling flow not passing through the automatic-particle counters may

Automatic parti
The recommen

ling means, in accordance with ISO 4021, shall be located upstream and
order to provide fluid sample flow to the automatic particle counters (items 2
mpling system shall be such as to minimize lag time in_fluid flow to the autg

uit reservoir via a by-pass line. Flow through the autematic particle counte
ent test circuit reservair, or it may be discarded.-Do not interrupt sample flg

Cle counters should be calibrated in accordance with ISO 11171 for the ap
Hed particle sizes are given in Table 1.

Table 1 - Recommended particle sizes to be counted

downstream of the test
and 3 in Figure 1). The
matic particle counters.
be returned to the filter
I's may also be returned
w during the test.

propriate particle sizes.

Filter Rating Recommended ISO 11171 Particle §

izes [um(c)]

For filter elem
than 200" bety
10 um(c)? per

bnts rated at Beta ratios greater
veen 4 uym(c) and
ISO 11171 calibration

4 5 7

15

For filter elem
than 200" bety
ISO 11171 ca

bnts rated at Beta ratios greater
been 10 um(c) and.25 um(c)? per
ibration

10 15

25

NOTES:
" A Beta Ratio of
2 Particle size incl

P00 correspends to 99.5% particle removal efficiency.
Lisive.

PROCEDURE

Test Fluids

General Considerations

The test fluid used shall conform to MIL-PRF-23699 specification or shall be as specified by the procuring agency.

6.1.2 Test Fluid Temperature

The temperature of the test fluid, during the test, shall be maintained at 131 °F £ 2 °F (55 °C + 1 °C) for MIL-PRF-23699,
unless specified otherwise.

6.1.3 Test Contaminant

6.1.3.1

The test contaminant used shall be ISO Fine Test Dust per ISO 12103-A2, unless specified otherwise.
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6.1.3.2 Test Contaminant Concentration

The target base upstream gravimetric level (G1 milligrams per liter) is defined as the desired test contaminant concentration
(mass per unit fluid volume) upstream of the test filter element obtained by ingression of the test contaminant from the
contaminant injection system into the filter element test system. The target base upstream gravimetric level shall not
normally be less than 2 mg/L nor more than 10 mg/L in order to achieve a sufficient number of particles challenging the filter
while minimizing saturation and dilution errors for the automatic particle counters.

The target base upstream gravimetric level shall be selected from 2 mg/L, 3 mg/L, 5 mg/L, or 10 mg/L to obtain (if possible)
a test time of 30 to 120 minutes. The predicted test time (t) can be calculated from the estimated mass of test contaminant
(W) required to achieve the terminal filter element differential pressure, the base upstream gravimetric level (G1) selected,

and the required test element flow rate (Q1), per the following equation:

6.1.4 Test Housing a
6.1.4.1 The service f
If this housin
cracking pres
6.1.4.2 If a service fil
direction and
ends of the fi
6.1.4.3 It is recomm
differential pr
any changes
shall be the {
rigid core, the
element outlg

6.2 Contaminant Inje

7= (1000 x W1)/(G1 x Q1)

(Eq. 4)

hd Free-Flow Dummy Element

Iter housing shall be used whenever possible, and it shall be installed in a
sure.

fer housing is not available, the test housing shall duplicate the inside confi
location of the inlet and outlet flow ports used in the/service filter housing.
ter element can vary up to £10% of the corresponding volumes of the actug
ended that a free-flow dummy element be installed in the filter housing
bssure of the empty filter assembily (i.e., without the filter element installed)
in flow patterns on the measured filter element differential pressure. The fr
ame as the test element without the filter media. If the test filter element is
t area and a diameter approximating the inside diameter of the media pack
Ction System Validation

maximum injection _system volume (V2) to be used per 5.2.2, the maximu
to deplete the complete usable volume (V2 - Vam) of the contaminant inject

pntaminantinjection fluid system per 5.2.3, then bypass the cleanup filter sys

taminant, specified in 6.1.3.1, at 275 °F + 25 °F (135 °C £ 14 °C) for 1 hou
pr-to(weighing.

normal service attitude.

j contains a by-pass valve, it should be blocked and tested for zero leakage at twice the normal

guration, including size,
The volume beyond the
| housing.

when determining the
to reduce the impact of
ce-flow dummy element
5 not constructed with a

dummy element shall be provided-with a core having a minimum open area equal to twice the filter

M contaminant injection

tric level (Gz) specified per 5.2.3,the minimum contaminant injection flow rdte (Q2), and for a length

on reservoir.
tem (item 4 in Figure 1).

I and desiccate to room

6.2.1 Validate at the
system gravimg
of time requireg

6.2.2 Pre-cleanthec

6.2.3 Dry the test cor
temperature pri

6.2.4
(V2) per5.2.2a

6.2.5
minimum of 30

6.2.6

nd gravimetric level (G2) per 5.2.3, according to the following formula:

W2 = (V2 x G2)/1000

minutes.

Calculate the required amount of contaminant (W) to be added to the contaminant injection system from the volume

(Ea. 5)

Add the required quantity of contaminant (W:) to the contaminant injection system reservoir fluid and circulate for a

Initiate injection flow from the contaminant injection system, once the temperature has stabilized (within +2 °F;

11 °C), collecting this flow externally from the system. Maintain the injection flow rate at the stabilized temperature
to within £5% of the desired injection flow rate (Qz) for the duration of the validation. Obtain an initial sample at this
point and measure the injection flow rate by collecting the fluid in a calibrated measuring cylinder for a measured

duration of time

not less than 1/2 minute.
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6.2.7

6.2.8

6.2.9

6.2.10

Obtain samples of the injection flow and measure the injection flow rate at 30 minutes, 60 minutes, 90 minutes, and

120 minutes or

Analyze each s

at four equal intervals, depending upon the depletion rate of the system.

ample from 6.2.7 gravimetrically in accordance with ARP785.

Measure the volume of the injection system at the end of the validation test (VzF).

Validation Requirements

The contaminant injection system shall be considered validated only if the criteria listed below are met.

a.

+10% of the required gravimetric level (G2) per 5.2.3.

6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

The injection flow
1+5% of the required

The volume remain
as: (average injecti

Filter Element Te

The gravimetric level of each sample, analyzed in 6.2.8, shall be within £5% of the average of the samples, and within

Install a straigh

Adjust the voluine (V1) of fluid in the filter element test system per’5.3.1.

Adjust the filtef
temperature pe
filter (item 1 in

Calculate the required amount of contaminant (Ws) to be added to the filter element test s

following formu

Dry the test co
element test sy
10 mg/L) of the
minutes prior tg

With the autom
be counted; rec

1es, measured 1N 6.2.7, shait be Withim £5% of the average of the mjectio
injection flow rate (Q2).

ing in the injection system (V2r) plus the volume of fluid expelled<during t
bn flow rate) x (total injection time), is equal, within £10%, to the initial inject

5t System Validation

pipe in place of the filter element test housing.

element test system to the required flow*rate (Q1) (to within +2%). Adju
I 6.1.2. Clean the fluid to the level requiréd in 5.3.3 by using the filter elemsg
Figure 1), then by-pass the test system.elean-up filter.

a.
W3 = (G1x V1)/1000

ntaminant (6.1.3.1) \per 6.2.3. Add the required quantity of contaminant (W
stem reservoin.to-yield the target base upstream gravimetric level (2 mg
test system+(G). Circulate the contaminant through the filter element tes
starting the‘particle counters.

htic particle counters connected on-line, set the particle sizes to the require
ommended particle size ranges to be counted are given in Table 1. Set the
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particle counts during the filter element test system validation. However, the minimum volume of fluid counted during
each count should not be less than 10 mL. This will necessitate 1-minute counts for automatic particle counters with
operating flow rates of 10 mL/minute.

Monitor and verify that the flow rate through each automatic particle counter is equal to the value used for the automatic
particle counter calibration (ISO 11171) to within +3%. Synchronize the counting periods of the two automatic particle
counters as closely as possible.

6.3.7 Circulate the fluid in the test system for 1 hour and record particle counts in each size range (per 6.3.6) for both
upstream and downstream particle counters.
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6.3.8 Validation Requirements

The filter element test system shall be considered validated only if the criteria listed below are met.

a.

NOTE: The validation

The cumulative particle count obtained for a given particle size for each counting interval does not deviate by more than
10% from the average cumulative particle count over the validation duration for that particle size, for each automatic
particle counter.

There is less than a 10% difference between the cumulative particle count obtained from the upstream automatic particle
counter at each counting interval in each particle size range and the cumulative particle count obtained from the
downstream automatic particle counter for the same particle size during the corresponding count interval.

The average particle count over the validation duration for each particle size range, for each automatic particle counter,
is within the acceptable range given in Table 2.

certified ISO M
certified anothg
certification of \
this once the si

counts in Table 2 are based on particle counter calibration per ISO 11474
bdium Test Dust reference batches SRM 2806 and 2806a. As discussed in
r batch of ISO Medium Test Dust, SRM 2806b, which has been depléeted. N
et another reference batch SRM 2806d. The validation counts .inJTable 2
ve distribution of ISO Fine Test Dust is determined with the neWwparticle codinter calibration.

Table 2 - Validation counts

using the original NIST
1.3, NIST subsequently
IST has just completed
Will be revised to reflect

ISO 11171 Acceptable Range of Particle Counts/mL Greater than Indicated
Particle Particle Size for ISO Fine TesbDust (ISO 12103-A2)
Size 2 mg/L 3 mg/L 5 mg/L 10 mg/L
[um(c)] From To From To From To From To
4.0 6000 7350 9000 11000 15000 18400 30000 36700
5.0 3300 4100 5000 6100 8300 10200 16600 20400
7.0 890 1210 1370 1780 2350 2910 4730 5790
10.0 220 300 330 450 550 750 1160 1440
15.0 60 85 90 125 145 215 300 420
20.0 22 39 38 54 63 90 125 180
25.0° 10 16 15 25 25 40 53 79

1 Particle size 1

Filter Element Efficiency Test Procedure

n - Contaminant Injection System

ot required if it is not.arecommended particle size in Table 1.

d volutrne (V2) of the contaminant injection system per 5.2.2.

(1 ot - 4l 5 H s H o n ) b 5 - s - e
Ui 1 uie COmMdimriarit mieCuult Sy STt Witnout diTy COTTAItiiarit mjeuurn

low to the filter element

test system reservoir, through the cleanup filter element (item 4 in Figure 1) until the required cleanliness level

30 minutes to thoroughly disperse the contaminant.

6.4
6.4.1 Test Preparatio
6.4.1.1  Adjust the flu
6.4.1.2 Circulate the

per 5.2.3 is attained.
6.4.1.3
6.4.14

per 6.2.4.
6.4.1.5
6.4.1.6

Bypass the contaminant injection system cleanup filter element (item 4 in Figure 1).

The test contaminant specified in 6.1.3.1 shall be dried per 6.2.3 and the required weight (W2) calculated

Add the required amount of contaminant (W2) to the contaminant injection system reservoir and allow mixing for

Once the contaminant injection system temperature has stabilized (within £2 °F; £1 °C), adjust the injection flow

rate at stabilized temperature to within 5% of the selected value (Qz), returning the injection flow directly to the
injection system reservoir during test set-up.
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6.4.2 Test Preparation - Filter Element Test System

6.4.2.1

6.4.2.2

6.4.2.3

6.4.2.4

6.4.2.5

6.4.2.6

6.4.2.7

6.4.2.8

6.4.2.9

6.4.2.10

6.4.2.11

6.4.3

6.4.3.1

6.4.3.2

6.4.3.3

6.4.3.4

6.4.3.5

6.4.3.6

6.4.3.7

6.4.3.8

Filter Element Efficiency Test

Install the filter element test housing with a free-flow dummy element in the filter element test system.
Adjust the fluid volume of the filter element test system to the required volume (V1) per 5.3.1.
Start recording particle counts with the automatic particle counters in the filter element test system per 6.3.6.

Circulate the fluid in the filter element test system through the cleanup filter element (item 1 in Figure 1) until the
required cleanliness level per 5.3.3 is attained. Stop the particle counters.

Establish, and record, the required test flow rate (Q1) and test temperature per 6.3.3 in the filter element test
system. Record the differential pressure drop across the test housing with the free-flow dummy element installed
at the above test conditions (tare value).

Calculate the|terminal test filter assembly differential pressure as the sum of the required terminal filter element
differential pressure and the pressure drop across the test housing with the free-flow dymmy element installed,
recorded aboye.

Stop filter element test system flow. Install the filter element to be tested in the test housing in place of the free-
flow dummy glement. Readjust filter element test system volume (V1) per5.3.1 as requirgd.

Restart, adjust, maintain, and record the filter element test systemflow rate (Q1) and temperature per 6.3.3.
Start recording particle counts with the automatic particle counters in the filter element test system per 6.3.6.

Continue to dirculate until required cleanliness levels pef 6.3.3 are once again achieved, then by-pass the filter
element test $ystem clean-up filter (item 1 in Figure 1):

Record the differential pressure across the test filter assembly at rated flow (Q1) and temperature per 6.3.3.

Record five sjabilized upstream and, downstream particle counts at each particle size range. These are the blank
(control) counts.

While the corftaminant injection-system continues re-circulating, collect approximately 109 mL of injection system
fluid sample from Valve C{(Figure 1) to determine the initial injection gravimetric level.

Analyze gravjmetrically. per ARP785 the sample extracted from the contaminant injection system (6.4.3.2). The
gravimetric lgvel of/the sample should be within £10% of the required gravimetric level (Gz). If it is not, steps
6.4.1.1 througl;h 6:4.1.6 should be repeated.

Measure and verify the contaminant injection flow rate (Qz).

Start flow from contaminant injection system to the filter test system and simultaneously start the test recording
timer. Record the initial injection flow rate. Monitor and maintain the required injection flow rate (Qz), to within
15%, throughout the test.

Maintain the total volume (V1) of fluid in the filter element test system (to within £5%) as described in 5.3.2.

Record automatic particle counts continuously, throughout the test, per 6.3.6, until the measured differential
pressure across the test filter assembly has increased to the required terminal test filter assembly differential
pressure calculated in 6.4.2.6. On-line dilution (5.4.1) should be utilized, if required, to prevent automatic particle
counter saturation.

Record the differential pressure across the filter assembly in conjunction with the particle counts, throughout the
test. Continuous differential pressure measurements using a differential pressure transducer is recommended.
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	6.4.1.5 Add the required amount of contaminant (W2) to the contaminant injection system reservoir and allow mixing for 30 minutes to thoroughly disperse the contaminant.
	6.4.1.6 Once the contaminant injection system temperature has stabilized (within ±2  F; ±1  C), adjust the injection flow rate at stabilized temperature to within ±5% of the selected value (Q2), returning the injection flow directly to the injection s...

	6.4.2 Test Preparation - Filter Element Test System
	6.4.2.1 Install the filter element test housing with a free-flow dummy element in the filter element test system.
	6.4.2.2 Adjust the fluid volume of the filter element test system to the required volume (V1) per 5.3.1.
	6.4.2.3 Start recording particle counts with the automatic particle counters in the filter element test system per 6.3.6.
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	6.5.1.7 Calculate and record the average beta values (βx) at each particle size by dividing the average upstream counts for that particle size by the corresponding average downstream counts, determined in 6.5.1.5.
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